
WVDOH Standards Committee Meeting 

Tuesday, February 24, 2026 
Meeting Location: 190 Dry Branch Drive, Charleston, WV 

Also meeting virtually via Google Meet. Email distribution includes instruction. 
 

Old Business: Standards discussed at the December 2025 meeting are below. 

ITEM Champion 

5th time to Committee. Discussed in: June, August, October, December  

The revision builds upon the Chief Engineer/State Highway Engineer change and 

adds updates for outdated links. 

• DD-105-Specification, Standards, Manuals, and Material Procedure 

Approval Process 
o Revision required due to departmental changes and transfers… plan to bring 

back in April. 

• DD-106-Approval for Patented or Proprietary Products 
o DD outdated, FHWA issued a final rule in 2019 on 23 CFR 635.411(a-e). This 

rule provides greater flexibility and encourages innovation in the selection of 

proprietary or patented materials.  
o Considering rescinding DD. 

• DD-600-Geometric Design Project Categories 

• DD-681-Work Zone Safety and Mobility 

• DD 813-Bicycle/Pedestrian Accommodation (comments) 

J. Chapman 

2nd time to Committee. Discussed in December 

The revisions include updated links and reference documents, as well as adding 

new standards for pavement design. Revision reflects updates to AASHTO 93 and 

adjusts analysis periods.  

• DD-644-Asphalt Pavement 

• DD-646-Pavement Design Guide 

• DD-647-Life-Cycle Cost Analysis for Pavement Design 

• DD-648-Alternate Design and Alternate Bidding of Pavements 

K. Welch 

2nd time to Committee. Discussed in December 

Traffic Engineering Directive – Animal Awareness Signs 

The TED has been updated to include more of the State’s wildlife population.   

M. Mays  

 

New Business: None 

ITEM Champion 

1st time to Committee    

• DD811-Accessability Standards, Curb Ramps and Sidewalks 

o The revision removes 2010 Standards language and replaces it with 

the governing standard for public right-of-way, the Public Rights 

of Way Accessibility Guidelines (PROWAG) and updates curb 

ramp attribute standards to reflect. The update also cleans up 

language and links, adding logistics and clarifying directions to the 

Exception Justification Report (EJR) form. 

R. Patrick 
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 

 

DESIGN DIRECTIVE 106 

APPROVAL FOR PATENTED OR PROPRIETARY PRODUCTS 

January 6, 2024 February 24, 2026 

Supersedes September 6, 2023 January 6, 2024 

 

 This document provides general information and guidance regarding how to obtain approval 

to use a patented or proprietary product on Federal-Aid construction projects let to bid by the West 

Virginia Department of Transportation, Division of Highways.  It is to be a reference for DOH 

employees in disciplines such as design, construction, traffic engineering, utilities, right of way, and 

environmental. 

 

 

10. INTRODUCTION 

 

 (Note:  mMost of the following has been quoted directly from the FHWA website). 

 

 The FHWA regulation in 23 CFR 635.411, "Material or Product Selection" prohibits the 

expenditure of Federal-aid funds on a Federal-aid highway project "for any premium or royalty on 

any patented or proprietary material, specification, or process" (referred to hereafter as "proprietary 

product"), unless specific conditions are met.  This regulation is intended to ensure competition in 

the selection of materials, products, and processes while also allowing the opportunity for innovation 

where there is a reasonable potential for improved performance. 

 

20. DEFINITION OF PATENTED OR PROPRIETARY PRODUCTS 

 

A Patented or Proprietary Product is a product, specification, or process identified in the 

plans or specifications as a "brand" or trade name (e.g. 3M, Corten).  However, it may also be a 

product so narrowly specified that only a single provider can meet the specification.  A proprietary 

product must meet one of the conditions listed under 23 CFR 635.411(a) or (c) for Federal funds to 

participate in its use on a Federal-aid highway construction project.  For purposes of this guidance, 

any reference to "proprietary product” shall mean "patented or proprietary product.” 

 

30. POLICY 

 

The following was taken from “CFR § 635.411 Subpart D - General Material Requirements. 

Material or product selection” and defines the Federal Highways Administration’s policy regarding 

patented or proprietary materials.  This will be considered the West Virginia Department of 

Transportation, Division of Highways’ policy. 

 

a) Federal funds shall not participate, directly or indirectly, in payment for any premium or 

royalty on any patented or proprietary material, specification, or process specifically set 

forth in the plans and specifications for a project, unless: 

 

http://frwebgate.access.gpo.gov/cgi-bin/get-cfr.cgi?TITLE=23&PART=635&SECTION=411&TYPE=TEXT
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1) Such patented or proprietary item is purchased or obtained through competitive 

bidding with equally suitable unpatented items (a minimum of three competing, 

equally suitable unpatented items should be listed in the plans as alternates if 

possible – see Item 30 (b) below for more requirements); or 

2) The State transportation department certifies either that such patented or 

proprietary item is essential for synchronization with existing highway facilities, 

or that no equally suitable alternate exists; or 

3) Such patented or proprietary item is used for research or for a distinctive type of 

construction on relatively short sections of road for experimental purposes.  If 

certification is for experimental purposes, then an Experimental Work Plan must 

be developed and submitted to FHWA.  A sample Experimental Work Plan is 

available at the following FHWA web address: 

http://www.fhwa.dot.gov/construction/contracts/pnpapprovals/samplewp.cfm, 

and a sample Division of Highways’ Work Plan is attached to this DD. 

 

b) When there is available for purchase more than one nonpatented, nonproprietary 

material, semifinished or finished article or product that will fulfill the requirements for 

an item of work of a project and these available materials or products are judged to be of 

satisfactory quality and equally acceptable on the basis of engineering analysis and the 

anticipated prices for the related item(s) of work are estimated to be approximately the 

same, the PS&E for the project shall either contain or include by reference the 

specifications for each such material or product that is considered acceptable for 

incorporation in the work.  If the State transportation department wishes to substitute 

some other acceptable material or product for the material or product designated by the 

successful bidder or bid as the lowest alternate, and such substitution results in an 

increase in costs, there will not be Federal-aid participation in any increase in costs. 

c) A State transportation department may require a specific material or product when there 

are other acceptable materials and products, when such specific choice is approved by 

the Division Administrator as being in the public interest.  When the Division 

Administrator's approval is not obtained, the item will be nonparticipating unless bidding 

procedures are used that establish the unit price of each acceptable alternative.  In this 

case, Federal-aid participation will be based on the lowest price so established. 

d) Reference in specifications and on plans to single trade name materials will not be 

approved on Federal-aid contracts. 

e) In the case of a design-build project, the following requirements apply:  Federal funds 

shall not participate, directly or indirectly, in payment for any premium or royalty on any 

patented or proprietary material, specification, or process specifically set forth in the 

Request for Proposals document unless the conditions of paragraph (a) of this section are 

applicable. 

f) State transportation departments (State DOTs) shall have the autonomy to determine 

culvert and storm sewer material types to be included in the construction of a project on a 

Federal-aid highway. 

http://www.fhwa.dot.gov/construction/contracts/pnpapprovals/samplewp.cfm
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40. PROCEDURE 

 

If the designer proposes the use of a proprietary or patented product on any Federal-Aid 

project, the designer must obtain the approval of  the  State Highway Engineer  Applicable Chief 

Engineer to use the product.  The following steps should be followed to gain approval: 

 

a) The certification will be in memo form, and be routed from the Director of the Division 

requesting the approval, to the State Highway Engineer Applicable Chief Engineer, 

through the Deputy State Highway Engineer – Construction and Development Deputy 

Commissioner of Highways. Examples of this certification memo are provided with this 

Design Directive. 

b) The certification must include the project information (State and Federal Project 

Numbers, Project Name, and County the project is in),  

c) A short description of the proprietary or patented item(s) being proposed, 

d) Whether the proprietary or patented product is project-specific, will be used in multiple 

projects, used in a specific region/District or Statewide, or will programmatic with a 

sunset date, 

e) A justification for the use of that item, to include a description of the unique need being 

addressed, why other available products are insufficient to meet the Division’s needs, 

estimates or any additional costs associated with the proprietary or patented product, and 

any other pertinent information as may be required such as prior Division experience 

with the product, 

f) Any catalog cut sheets from the manufacturer describing technical, use, and safety data 

for the product, 

g) A certification statement with either of the following language, depending on whether 

the product is used because no equally suitable alternative for the item exists, or it is 

required for synchronization with existing facilities: 

 

“I (name of certifying official), (position title), of the (Name of contracting agency), 

do hereby certify that in accordance with the requirements of 23 CFR 635.411(a)(2), 

that this patented or proprietary item is essential for synchronization with existing 

highway facilities”, or 

 

“I (name of certifying official), (position title), of the (Name of contracting agency), 

do hereby certify that in accordance with the requirements of 23 CFR 635.411(a)(2), 

that that no equally suitable alternative exists for this patented or proprietary 

item.” 

 

h) Signature lines indicating Approval or Disapproval by the State Highway Engineer 

Applicable Chief Engineer, and the date action was taken will be included at the bottom 

of the letter, 

i) The Federal Highway Administration will be included as a recipient on the distribution 

list for receiving approved certifications and will provide concurrence in the Division’s 

approval. 

 

It should be noted that if the product is being used as an Experimental Product, an 
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Experimental Work Plan as discussed under Section 30 “POLICY”, must be included with the 

certification. A sample Experimental Work Plan is included with this Design Directive. 

 

All proprietary item certifications are to be placed on the AASHTO website at the following 

address: http://apel.transportation.org/all_certified_products.aspx.  Other states that use this site are 

Arizona, Colorado, Connecticut, Maine, Maryland, Montana, New York, & Ohio. 

 

Also, these approved certifications will be placed on the Division’s website in a Division 

Approved Source/Product Listing on the Materials Control, Soils, and Testing Division’s page. 

 

50. DEFINITIONS 

 

As used in this document: 

 

Patented or Proprietary Product:  A product, specification, or process identified in the plans or 

specifications as a "brand" or trade name (e.g. 3M, Corten).  However, it may also be a product so 

narrowly specified that only a single provider can meet the specification.  A proprietary product 

must meet one of the conditions listed under 23 CFR 635.411(a) or (c) for Federal funds to 

participate in its use on a Federal-aid highway construction project.  See Question and Answer #B1.  

For purposes of this guidance, any reference to "proprietary product shall mean" patented or 

proprietary product. 

 

Certification:  As used in 23 CFR 635.411(a)(2), the written and signed statement of an appropriate 

contracting agency official certifying that a particular patented or proprietary product is either: 

a) Necessary for synchronization with existing facilities; or 

b) A unique product for which there is no equally suitable alternative. 

 

Synchronization:  As used in 23 CFR 635.411(a)(2), providing a product that matches specific 

current or desired characteristics of a project. Synchronization may be based on: 

a) Function (the proprietary product is necessary for the satisfactory operation of the existing 

facility),  

b) Aesthetics (the proprietary product is necessary to match the visual appearance of existing 

facilities),  

c) Logistics (the proprietary product is interchangeable with products in an agency's 

maintenance inventory), or any combination thereof.   

 

In addition, it may be advisable to evaluate the following factors as they relate to 

synchronization: 

a) Lifecycle (the relative age of existing systems that will be expanded and the remaining 

projected life of the proposed proprietary element in relation to the remaining life of the 

existing elements), 

b) Size/extent of products and systems to be synchronized to/with, and the relative cost of the 

proprietary elements compared with replacing the elements requiring synchronization. 

 

Experimental Product:  As used in 23 CFR 635.411(a)(3), a patented or proprietary product used 

for research or for a distinctive type of construction on relatively short sections of road on an 

http://apel.transportation.org/all_certified_products.aspx
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experimental basis. 

 

Public Interest Finding (PIF):  As used in 23 CFR 635.411(c), an approval by the FHWA Division 

Administrator, based on a request from a contracting agency, that it is in the public interest to allow 

the contracting agency to require the use of a specific material or product even though other equally 

acceptable materials or products are available. 

 

State Department of Transportation (State DOT):  The relevant department of any State charged 

by its laws with the responsibility for highway construction; also State Transportation Agency 

(STA), the "State". 

 

Contracting Agency:  Any entity administering a contract using Federal aid highway funds. 

Includes State DOTs, Local Public Agencies (LPAs), and other agencies that may be administering 

such contracts. 

 

Local Public Agencies (LPAs):  Any State DOT sub-recipient of Federal-aid highway funds. 

 

60. REFERENCES 

 

The following references were used to develop this Design Directive and are provided for further 

information and guidance for the designer: 

 

http://www.gpo.gov/fdsys/pkg/CFR-2014-title23-vol1/xml/CFR-2014-title23-vol1-sec635-411.xml - 

CFR Title 23, Section 635.411 – Material or product selection, Date: April 1, 2014. 

 

http://www.fhwa.dot.gov/programadmin/contracts/011106.cfm - Guidance on Patented and 

Proprietary Product Approvals, Date: January 11, 2006. 

 

http://www.fhwa.dot.gov/programadmin/contracts/011106qa.cfm - Questions and Answers 

Regarding Title 23 CFR 635.411 – Material or product selection, Date: April 11, 2013. 

 

All proprietary item certifications are to be placed on the AASHTO website at the following address: 

missing link 

 

http://www.gpo.gov/fdsys/pkg/CFR-2014-title23-vol1/xml/CFR-2014-title23-vol1-sec635-411.xml
http://www.fhwa.dot.gov/programadmin/contracts/011106.cfm
http://www.fhwa.dot.gov/programadmin/contracts/011106qa.cfm
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 

 

DESIGN DIRECTIVE 600 

GEOMETRIC DESIGN PROJECT CATEGORIES 

September 6, 2023 

Supersedes May 4, 2022 

 

 The purpose of the design directive is to provide guidance to designers on the selection of 

geometric design criteria for the category of projects based on American Association of State 

Highway and Transportation Officials (AASHTO) and Federal Highway Administration (FHWA) 

manuals and guidance. 

 

 

1.0 INTRODUCTION 

 This directive shall be used by designers to evaluate the project category and apply proper 

geometric design criteria.  Each project category defines the appropriate level of compliance to 

various levels of geometric criteria.  Geometric criteria are defined by AASHTO’s Policy on 

Geometric Design of Highways and Streets (“Green Book”) as well as various other approved 

manuals developed by AASHTO.  FHWA also provides guidance and direction for roads on the 

National Highway System (NHS).   Designers will identify the category of the project early in plan 

development and address any deviations from the criteria with project notes or design exceptions.   

 Many manuals and documents provide information to designers when adjustments to 

published values are allowed. Policies are trending to provide more flexibility to rigid 

standardization allowing for designs to better fit to the environment around them.  For many years 

the Green Book has provided rigid values to be used based on road classification and volumes.  

The newest version of the Green Book has expanded the definition of the roads from the traditional 

functional systems to include contextual setting of the roadway.  Performance based practical 

designs are becoming featured to find better solutions for DOTs as funding becomes more critical 

to the decision making process.  Flexibility and context sensitive solutions allow for designers to 

meet the purpose and need of the project within budgetary limits. 

 

 

2.0 PROJECT CATEGORIES 

 Project categories are developed to direct the designer on the proper geometric design 

criteria that shall be followed for the type of project to be designed.   The categories are based on 

the type of work to be done, whether the route is on the NHS, the functional system characteristics, 

traffic volumes and design speed. The criteria in the different manuals and guides are based on 

historical values, studies and engineering judgement.  The values provide guidelines to expedite 

the decision making and documentation of design selections. 

 The categories used to develop design criteria are new construction, reconstruction and 

“construction on existing roads”.  These categories are further defined as project types in the Green 

Book.  Each category uses a performance based practical design approach to the decision making 

used to develop design values.  New construction projects are on new alignments that use strict 

adherence to values and criteria developed in manuals and guides.  Reconstruction projects use the 

existing alignment but alter the road type.  Construction on existing roads are projects on existing 
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alignments that would not be changing the roadway type and would be developed to address a 

specific need. 

 All categories shall be evaluated for their applicability as an alteration project.  An 

alteration project is any project that meets the requirements or project description whereby 

Americans with Disabilities Act (ADA) facilities must be addressed.  Any project defined as 

alteration must meet the Proposed Accessibility Guidelines for Pedestrian Facilities in the Public 

Right of Way (PROWAG) standards for curb ramp opening, slopes and widths. Refer to DD-811, 

Accessibility Standards, Curb Ramps and Sidewalks, for a list of projects defined as alteration. 

 Context and location of the roadway are fundamental items used to develop design values 

for flexible practical design.  New construction can even be evaluated based on context of rural or 

urban environments.  Formal design criteria can be used in rural areas due to fewer constraints 

than in urban, developed areas.  Urban area constraints will influence the geometric design criteria 

and variations to criteria will need documented using performance factors based on function and 

context of the roadway. 

 

2.1. New Construction:  Projects that are developed in the New Construction category will 

use the design criteria in chapters 2 through 10 of the Green Book or other formal geometric 

design guidance.  Generally, projects in this category shall apply “desirable” or other preferred 

values to geometric alignments and cross section elements.  Functional and context 

classifications found in chapter 1 of the Green Book should be used to determine values for 

controlling criteria.  There is flexibility allowed for these project categories, but the decisions 

shall be determined on performance based analysis and thoroughly documented.   

 

2.2. Reconstruction:  Projects developed under the Reconstruction category utilize existing 

alignments or minor changes but result in a change in roadway type.   Changes in roadway 

type result in changes to cross sectional elements to address project needs or scope.  These 

projects present problems when trying to adapt documented design criteria to new facilities 

due to existing context and constraints.  These projects may not necessitate forecasting for 

future performance but should be part of a performance based approach to address facility 

needs.   Green Book chapters 2 through 10 should be reviewed for geometric and cross-

sectional guidance but facility context may drive decisions due to constraints within the 

corridor. 

 Projects such as intersection improvements, adding lanes and lane or shoulder widening 

would change the roadway type but would only cause minor changes to the existing alignment.  

These projects may not use the full criteria found in the Green Book due to nearby or corridor 

constraints. 

 Interstate reconstruction is a project type where variable design criteria may be applied.  

Cross slope information from the “A Policy on Design Standards – Interstate System” may be 

utilized to correct cross slopes. Criteria may be referenced from other guidance, such as 

correction of superelevation will use “Green Book” standards. In this case shoulder widths 

may be substandard to meet new construction criteria, but under the reconstruction category 

may not be widened since this would alter the roadway type. 
 

2.3. Construction Projects on Existing Roads:  Projects developed under the Construction 

Projects on Existing Roads (CPER) category are projects that have no or minor changes to the 

existing alignment and no changes to the roadway type.  CPER project types are similar to 

what has historically been referred to as RRR (restoration, rehabilitation, resurfacing).  These 
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projects use flexible criteria based on existing performance to address the facility needs or 

scope of the project.  Projects may use Green Book design criteria, but other manuals may also 

be used for documenting design criteria of the project.  The CPER category will encompass 

several other subcategories based on the requirements of the project.  Projects within the 

category need to meet different thresholds of documentation and coordination.  CPER projects 

may include resurfacing, slide correction, bridge deck replacements, safety upgrade and other 

preventive maintenance projects. 

 A subcategory of the CPER is a maintenance project.  An example of a maintenance 

project is the common resurfacing project.  These projects use the existing alignments and are 

not intended to alter the roadway type.  These projects are developed to restore rideability and 

prolong the serviceability of the existing surface. 

 

 

3.0 PROJECT CATEGORY EXAMPLES 

 The following are definitions and examples of work types for the project categories.  The 

bulleted lists below are not all inclusive, especially for CPER.  Any project meeting the criteria 

of Alteration Project must meet standards defined in PROWAG. 

 

3.1. Alteration Project:  An Alteration Project is project defined by “DOJ/FHWA Joint 

Technical Assistance on the ADA Title II Requirements to Provide Curb Ramps When Streets 

Roads or Highways are Altered Through Resurfacing”. Treatments that are considered 

alterations of the road surface are: 

• Open-graded surface course 

• Cape seals 

• Mill and fill/Mill and overlay 

• Hot in-place recycling 

• Microsurfacing/Thin-lift overlay 

• Addition of new layer of asphalt 

• Asphalt and concrete 

rehabilitation and reconstruction 

• New construction 

• Widening of the existing 

pavement typical section 

• Addition of turning lanes 

• Pavement rubblization 

• Installation of new drainage 

structures to improve existing 

drainage characteristic

 

Treatments that are NOT considered alteration projects are: 

• Crack filling and sealing 

• Surface sealing 

• Chip, Slurry, and Fog seals 

• Scrub sealing 

• Joint crack seals 

• Joint repairs 

• Dowel bar retrofit 

• Spot high-friction treatment 

• Diamond grinding 

• Pavement patching 

• Shoulder repairs 

• Pipe and inlet repairs 

• Pulling and restoration of ditches 

• Guardrail repair and installation 

• Re-striping 

 

For additional information on alteration project definitions use the following link for 

guidance. 

USDOT FHWA Civil Rights Website 

https://www.fhwa.dot.gov/civilrights/programs/doj_fhwa_ta_glossary.cfm 

https://highways.dot.gov/civil-rights/programs/ada/glossary-terms-dojfhwa-joint-technical-
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assistance-ada-title-ii 

 

3.2. New Construction:  Defined as an Alteration Project, on new alignment meeting full 

compliance with design guidance. Guidance can be found in the latest adopted editions found 

in section Policies, Manuals and Guidance. 

• New Interstate 

• New Four Lane Divided Highway 

• New Two Lane Highway 

 

3.3. Reconstruction:   Defined as an Alteration Project, on an existing alignment (or make 

only minor changes to the alignment) that alters the basic roadway type.  Designers use 

standards approved in various design guidance criteria to make performance based practical 

design decisions that are documented.  These concepts generally follow guidance provided in 

Green Book allowing  for more flexibility based on surrounding system characteristics and 

context. 

• Adding Lanes or a Median 

• Adding Auxiliary Lanes 

• Widening Lanes or Shoulders 

• Intersection Improvements 

• Bridge Replacement 

• Sidewalk Construction 

• Interstate Reconstruction 

 

3.4. Construction Projects on Existing Roads:  Defined as an Alteration Project, on an 

existing alignment (except for minor changes) that maintains the basic roadway type and uses 

practical engineering concepts to re-establish some portion of initial serviceability or Level of 

Service.  Projects may not follow the formal DD-202 process, but quality assurance and control 

may be supplemented by Safety Reviews, ADA Exception Justification Reports and other 

documentation to support design decisions. 

• Resurfacing, Restoration and 

Rehabilitation (RRR) 

• NHS Resurfacing 

• Guardrail Installation 

• Bridge Deck Replacement 

 

3.4.1. Construction Projects on Existing Roads (Preventive Maintenance):  Defined 

as an alteration project, on an existing alignment (except for minor changes) that maintains 

the basic roadway type and uses practical engineering concepts to re-establish the 

rideability or corridor functionality. 

• NHS Resurfacing 

• Non-NHS resurfacing 

• Slide Repair 

• Bridge Deck Overlays 

• Pipe Replacement 

• Microsurfacing 

 

3.4.2. Construction Projects on Existing Roads (Maintenance):  Defined as a non-

alteration project, on an existing alignment (except for minor changes) that maintains the 

basic roadway type and uses practical engineering concepts to extend the service life.   

• Joint and Pavement Sealing 

• Diamond Grinding 

• Joint Repair and Dowel Bar 

Retrofit 

• Pavement Patching 

• Guardrail Repairs 

• Pulling and Restoration of 

Ditches 
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• Restriping 

 

4.0 POLICIES, MANUAL AND GUIDANCE 

 The following represents a list of approved policies and manuals for designers to document 

geometric design decisions. 

• A Policy on Geometric Design of Highway and Streets, 2018, 7th Edition 

• A Policy on Design Standards – Interstate System, May 2016 

• Highway Safety Manual, 2014, 1st Edition 

• Roadside Design Guide, 2011, 4th Edition 

• Manual for Assessing Safety Hardware, 2016, 2nd Edition 

• LFRD Bridge Design Specifications, 9th Edition 

• LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and Traffic 

Signals, 1st Edition 

• Manual on Uniform Traffic Control Devices 2009, Revision 1 and 2 

• Guidelines for Geometric Design of Low-Volume Roads, 2019, 2nd Edition 

• WVDOH Design Directives 

• WVDOH Structure Directives 

 Any errata, supplemental or new editions of the listed documents, formally adopted by 

FHWA on federal aid eligible projects.  The use of AASHTO approved documents prior to 

FHWA adoption on non-NHS projects is acceptable. 

 

 

5.0 DOCUMENTATION 

 The following shall provide a minimum of documentation requirements of the project 

category.  The flexibility provided in the geometric design policy may necessitate additional 

documentation on performance based decisions.  The documentation, if not based on published 

standards, shall thoroughly address design applicability in type, nature and context to function of 

the corridor or facility.  The use of practical engineering concepts for CPER projects should be 

based on long held performance based decisions that meet system wide goals.  When controlling 

criteria is being addressed by the scope of the project and appropriate limits cannot be obtained, 

variances shall be documented using DD-605 Design Exception Policy. 

 

5.1. New Construction:  The geometric design decisions shall be documented as reference 

to applicable manuals using tables, charts, or section reference.  Design exception documents 

shall be used to identify nonstandard dimensions.  The use of less than desirable values for any 

dimension not defined as a controlling criteria value, shall be submitted for approval by the 

appropriate Deputy State Highway Engineer Chief Engineer. 

 

5.2. Reconstruction:  The geometric design decisions affecting roadway type shall be 

documented and referenced to the applicable manual using table, charts, or section reference. 

Design exceptions narrative should reflect performance based practical design decisions that 

identify the context of the surrounding area and improvements to the facility within funding 

constraints. 

 

5.3. Construction Projects on Existing Roads:  Projects designated as CPERs shall use 

flexible performance based solutions to address facility needs.  Depending on facility 
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designation as an NHS route, the documentation will vary.  Based on the type of work, the 

project may be documented using formal documentation, or decisions can be based on 

historical performance that meet the yearly fiscal or program monetary constraints.  In all cases 

the designer shall analyze safety concerns, accident data and address ADA concerns when 

documenting project decisions. 
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION  

DIVISION OF HIGHWAYS  

 

DESIGN DIRECTIVES 681  

WORK ZONE SAFETY AND MOBILITY  

January 3, 2024 February 24, 2026 

Supersedes November 1, 2023 January 3, 2024 

 

The West Virginia Division of Highways (WVDOH) is committed to providing a safe and 

efficient work zone environment.  It is the Division’s goal to minimize traffic delays to the 

traveling public, reduce work zone crashes and fatalities, and to promote a safe work place by 

improving mobility of the motorist and providing the utmost protection of the construction work 

force.  

Compliance with this policy will benefit the traveling public, construction industry, and the 

business community by reducing work zone accidents, construction, and travel time.  

The attached policy outlines procedures to be followed during all phases of development and 

construction or maintenance.  It also assigns responsibilities for implementation to fulfill its 

requirements.   

The requirements of this policy apply to all highway projects, regardless of the funding 

source.  

 

Background 

The Federal Highway Administration (FHWA) published the Final Rule on Work Zone 

Safety and Mobility, 23 CFR 630 Subpart J in September 2004.  This rule, referred to as Work 

Zone Safety and Mobility, applies to State and local governments that receive Federal-aid highway 

funding.  All transportation agencies are required to comply with the provisions of the Rule.  This 

rule updates and broadens the former regulation, “Traffic in Highway and Street Work Zones,” to 

address present and future work zone issues.  

The final rule requires agencies to:  

• Implement a policy that facilitates systematic consideration of work zone safety and 

mobility on all Federal-aid highway projects. Implementing the policy for nonFederal-

aid highway projects is also encouraged.  

• Develop procedures to assess and manage work zone impacts throughout the various 

stages of the project’s development and construction. The agency must consider work 

zone impacts during project development, manage work zone impacts during 

construction, and assess work zone performance after implementation.   

• Use work zone data to manage work zone impacts for specific projects and to improve 

the State processes and procedures.   

• Ensure personnel are trained appropriately to the work zone job decisions for which 

they are responsible.  

• Perform process reviews at intervals no greater than two years.  

 

The final rule also requires each agency to identify significant projects as early as possible 

and provide Traffic Management Plans (TMP) with strategies in accordance with the complexity 

of the project.  The Plans, Specifications and Estimate are required to include pay items for the 

TMP.  
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Additional information on the Final Rule on Work Zone Safety and Mobility is available 

at: https://ops.fhwa.dot.gov/wz/resources/final_rule/rule_faqs.htm 

 

 

Classification of Projects  

 

Significant Project  

A significant project is one that, alone or in combination with other concurrent 

projects nearby is anticipated to cause sustained work zone impacts that are greater than 

what is considered tolerable based on this policy and/or engineering judgment.  Work zone 

impacts refer to work zone-induced deviations from the normal range of transportation 

system safety and mobility.  The extent of the work zone impacts may vary based on factors 

such as, functional classification, area type (urban, rural), traffic and travel characteristics, 

type of work being performed, time of day/night, and complexity of the project.  These 

impacts may extend beyond the physical location of the work zone itself, and may occur 

on the roadway on which the work is being performed, as well as on other highway 

corridors and other modes of transportation.  

The WVDOH shall identify upcoming projects that are expected to be significant.  

A significant project shall be identified at the Project Programming stage and re-evaluated 

periodically throughout to the project development and delivery process.  For full oversight 

projects, the determination of significance should be made in cooperation with the FHWA.  

The State’s work zone policy provisions, the project’s characteristics, and the magnitude 

and extent of the anticipated work zone impacts should be considered when determining 

whether a project is significant or not.  

All Interstate or Expressway projects that have an ADT greater than or equal to 

25,000 or projects on other state highway routes that have an ADT greater than or equal to 

15,000 and that occupy a location for more than three days with either intermittent or 

continuous lane closures will be considered significant.  Exceptions for NHS significant 

projects may be granted from the FHWA.  Exceptions on non-NHS significant projects 

may be granted from the State Highway Engineer Applicable Chief Engineer.  Exceptions 

to these criteria will be granted based on ability to show that the specific project does not 

have sustained work zone impacts.    

 

 

Project Levels  

Depending on the complexity of the project, it will be assigned a classification of 

transportation management plan Level I, II or III, which determines the TMP requirements for the 

project.  Any project identified as a significant project is a Level III project.  Level II projects are 

those with a moderate level of construction activity with the primary traffic impact limited to the 

roadway containing the work zone.  Level I projects are those with low complexity and may 

include simple construction projects, maintenance or utility work.  Further information on these 

levels and the TMP requirements and recommendations associated with each is provided under 

“Plan Requirements” section of this policy.  

 

 

https://ops.fhwa.dot.gov/wz/resources/final_rule/rule_faqs.htm
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Transportation Management Plans and Work Zone Management Strategies  

The Transportation Management Plan (TMP) provides strategies to manage the work zone 

impacts of a project.  At a minimum, the TMP includes a Temporary Traffic Control Plan (TTC).  

A Public Information (PI) component and a Transportation Operations (TO) component may also 

be included depending on the anticipated impacts.  The overall success of a TMP must first be 

initiated early in the design process and developed throughout the design and delivery of the 

project.  

The Temporary Traffic Control plan (TTC) describes Temporary Traffic Control measures 

to be used for facilitating the road user’s passage through a work zone or an incident area.  The 

TTC plan should be consistent with WVDOH policies, guidelines, and standards as described in 

this policy and in the “Manual on Temporary Traffic Control for Streets and Highways”, 2006 

Edition.  TTC Strategies include:  

• Control Strategies  

• Traffic Control Devices  

• Project Coordination, contracting and innovative construction strategies  

 

The Public Information (PI) component of the TMP should include communication 

strategies that seek to inform all affected stakeholders about the project, the expected work zone 

impacts, and the changing conditions of the project.  The scope of the PI component should be 

determined by the level of the project as set forth in this document.  PI Strategies include:  

• Public Awareness Strategies  

• Motorist Information Strategies  

 

The Transportation Operations (TO) component of the TMP should include the 

identification of strategies that will be used to mitigate impacts of the work zone on the operation 

and management of the transportation system within the impact area.  TO Strategies include:  

• Demand Management Strategies  

• Corridor/Network Management Strategies  

• Work Zone Management Strategies  

• Traffic/Incident Management Strategies  

 

Various work zone management strategies may be employed to minimize traffic delays, 

increase traveler and worker safety, and complete the work in a timely manner while maintaining 

access for businesses and residents. The strategies listed above are not meant to be all-inclusive, 

but to present a number of suggestions for consideration while developing TMPs. For a more 

extensive listing and general information on work zone management strategies refer to Appendix 

A of this directive.  

The plans, specifications, and estimates shall include the TMP and appropriate individual 

pay items.  Additional guidelines for development and implementation of TMPs can be found in 

the “TMP Guidelines” section of this policy.    

 

 

Training  

All WVDOH personnel will be trained in temporary traffic control design, deployment, 

operation, and maintenance consistent with the level of their responsibility. Individuals may gain 
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this training through either division provided courses or outside sources.  The Development, 

Construction, and Operations Divisions shall each work with the Training Section of Personnel to 

develop training programs for Central Office and District Staff in their organization.  Guidelines 

for who should be trained and suggested courses are included in Appendix B of this directive.  

 

 

Stakeholders and Public Information   

Highway improvements and the work zones to implement them are intended for the benefit 

of the traveling public.  WV DOH personnel will work with appropriate stakeholders at every stage 

of projects to develop work zone strategies and keep them informed.  Detailed information on 

stakeholders is included in Appendix C of this directive.  

In addition to the work zone specific Public Information activities, the WVDOH provides 

general work zone information to the public through various outlets.  These include, among other 

things, publication of a statewide work zone map and work zone driving safety tips, posting of 

current work zone locations and conditions to the internet, promotion of Work Zone Safety 

Awareness Week, and advertisement of work zone related messages via radio, television, and 

billboards.  Through these efforts, WVDOH positively promotes work zone safety and mobility, 

as motorists gain access to information they need to plan their trips and become more work zone 

conscious.  

 

 

Transportation Management Plan Guidelines  

This section provides guidelines for developing and implementing project TMPs.  These 

guidelines shall also be in compliance with the most recent version of The West Virginia Division 

of Highways Design Directives (DD).  These plans will enhance our accountability and ensure that 

all options have been considered during the project development process as described in DD-200.  

These guidelines are to be used by Project Managers, Roadway and Bridge Designers, Traffic 

Engineers, Planning and Research Engineers, Maintenance Engineers, and all  

Districts within the Division of Highways responsible for acquiring the information to 

develop Transportation Management Plans.  The FHWA Area Engineer shall be involved in each 

step of the project’s review process on full federal oversight projects.  These guidelines require the 

evaluation of work zone traffic control and communication strategies during the project 

development process and during all phases of construction.  All Temporary Traffic Control Plans 

shall be in compliance with the information published in the “Manual on Temporary Traffic 

Control for Streets and Highways, Latest Edition.”  Any deviations from the Manual shall be 

approved by the Traffic Engineering Division and noted in the plans and project file.  

 

Initial Engineering – Identify potential work zone impacts using field observations, 

review of available crash data, and other relevant operational information.  Determine 

preliminary work zone management strategies in conjunction with alternative project 

options and design schemes.  Identify other coordination issues such as utilities, 

enforcement, and community impacts.  

Relevant operational information should include but is not limited to, project 

definition (scope, project level of complexity, roadway and traffic characteristics, and 

TMP category), construction phasing/staging of equipment and materials, as well as 

temporary traffic control, public communications and transportation operations strategies.  
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Acquire traffic and crash data, develop a preliminary public information plan, and explore 

possible alternate/detour routes.  A preliminary cost estimate for the projects transportation 

management plan shall be developed during this phase of the Project Development in 

accordance with DD-200 and DD-202.   

 

Preliminary Engineering – Assess impacts of various work zone management 

alternatives.  Consider design, construction, contracting and transportation management 

options.  Select appropriate strategies.  Develop TMP, including appropriate items in plans, 

specifications, and estimates for the project.  

 

Public Information Meeting – Review the Preliminary TMP as incorporated by the 

Roadway Designer (includes Temporary Traffic Control Plan, Public Information Plan, 

and Transportation Operations Plan, as required) in accordance with DD-201.  

 

Pre-Bid Conference – Complete the significant projects final TMP for review in 

accordance with DD-104 and include in pre-bid conference discussion.  

 

Construction – Inspect the work zone during the first week of each phase of construction   

(Project Engineer, District Traffic Engineer, and Contractor) to ensure the compliance with 

the TMP and monitor safety and operation.  Consult appropriate stakeholders to evaluate 

strategy performance and keep them informed.  Review the TMP as needed to improve the 

work zone performance.  

Any required changes to the TMP to enhance the work zone’s safety and mobility 

shall be approved by the Traffic Engineering Division. All such changes shall be 

documented and, if the project is a full federal oversight project, should be reviewed with 

an FHWA Area Engineer.  An on-site review of the project’s work zone traffic control by 

the Project Engineer, District Traffic Engineer, Contractor, and a representative from the 

Traffic Engineering Division’s Safety, Planning, and Analysis Section shall be conducted 

within 48 hours of any fatal incident/crash within the work zone.  

Report all fatal crashes that occur within the limits or that may be work zone related 

to the Traffic Safety, Planning & Analysis Section of the Traffic Engineering Division.  

 

Transportation Management Plan Evaluation – For significant projects, a review of the 

effectiveness of the project’s TMP shall be completed during a Post Construction meeting 

and included with the Post Construction Report.  A copy of the specific information on the 

effectiveness of the TMP will be forwarded to the Central Office Traffic Engineering 

Division’s Design and Operations Sections for review.  

 

 

Roles and Responsibilities  

The following guidance is provided to ensure that each member of the project development 

process understands their role and responsibilities in the development of the project’s TMP.  

Individuals noted below shall have direct responsibilities for the proper development of the TMP 

during the Plan Development Process.  
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Engineering Division  

Shall ensure the proper design and presentation of all aspects of the TMP by 

providing the following detailed information in the plan development:  

• Profile, alignment, superelevation and lane widths for all traffic lanes, turning 

lanes, lane shifts and detour routes not identified on existing roadways  

• Earthwork/grading that must be completed prior to the next construction phase  

• Utility work that can be completed within the project’s guidelines for the TMP  

• Identify all temporary pavement locations and temporary drainage items  

• Illustrate the placement of all temporary signs, messages boards, electric 

arrows, devices, barriers, attenuators, temporary pavement markings and 

markers in the temporary traffic control plans for all construction phases 

(excluding temporary lane and shoulder closings) for Traffic Engineering 

Division’s information and review.  

• Identify and note all signal timing within the work zone and all detour routes  

• Complete TMP cross sections  

• Complete special design details and insert sheets  

• Movement and staging of equipment and materials  

• Need and placement of temporary bridge parapet and traffic barriers  

• Need for the setting of beams over traffic  

• Use of temporary bridges  

• Need for demolition over traffic  

• All temporary/permanent easements needed for construction are included in the 

plans  

• Ensure that all utilities will not conflict with temporary traffic control and other 

safety devices for all phases of construction.  

 

Traffic Engineering Division  

Shall ensure the safety of the construction workers and the safe movement of traffic 

through the project’s work zone by providing the Project Manager with the following 

recommendations, and verifying that the applicable information is included in the project’s 

TMP:  

• Lane width(s)  

• Number of recommended traffic lane and turning lanes  

• Provide existing pavement markings  

• On-site and off-site detour routes  

• Identify and provide all signal phasing within the work zone and all detour 

routes  

• Requirements on the use of barriers, devices, and attenuators, etc  

• Type and placement of all signs, message boards, electric arrows, etc  

• Type and location of pavement markings and markers for each phase  

• Time of day, weekend, and holiday restrictions  

• Access to all businesses and private dwellings  

• Transportation operations recommendations • Perform assessment of the Work 

Zone Traffic Impact  

• Perform annual work zone review.  
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Programming Division  

• Program project funding from Federal and State balances  

• Coordinate schedules between adjacent or nearby projects to mitigate conflicts   

  

Planning Division  

• Collect and maintain traffic volume data as necessary for the project area  

• Using information provided by the project manager, identify and report 

significant project  

• Review appropriate PS&E items for level of anticipated TMP in projects.  

  

Operations Division  

• Monitor maintenance operations with ongoing projects and be compliant with 

the WVDOH Permitted Lane Closure Map to ensure statewide uniformity  

• Coordinate district level maintenance projects with ongoing projects.  

• Provide assistance to field maintenance organizations during emergencies.  

• Ensure that appropriate staff are trained at the project level who has the primary 

responsibility, with sufficient authority, for implementing the TMP and other 

safety and mobility aspects of the project.  

  

Office of Communications  

Ensure that the transportation management plan is communicated to appropriate 

key stakeholders (motorists, police, businesses, schools, emergency service providers, 

residents, elected officials and media). Strategies will include:  

• Developing a project-specific communications plan to keep key stakeholders 

informed about construction-related impacts before and during construction  

• Communicating and promoting ways that users can avoid construction-related 

delays   

• Developing an emergency communications plan which outlines steps to be 

taken during a major incident and includes emergency contact information  

• Determine the need and types of community meetings needed to inform the 

public on the various aspects of the construction project  

• Continuously update the WVDOH “projects under construction” webpage to 

alert motorists of such projects and available alternate routes.  

 

District Engineers/Managers  

Ensure the appropriate district staff shall implement the transportation management 

plan as set forth in this document.  The key responsibilities include:  

• Designate appropriate staff to review work zone traffic control during first 

week of each new phase of construction for all significant projects and identify 

areas of need for improvement  

• Designate appropriate staff to monitor locations of projects and recommend 

change in TMP if needed due to proximity of projects  

• Coordinate with other districts when lane closures or projects are affected by 

other lane closures or projects across district boundaries  

• Ensure lane closures for all projects are in compliance with the Permitted Lane 

Closure Map  
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• Coordinate short-term maintenance activities with existing projects of a longer 

duration  

• Designate appropriate staff to participate in work zone fatal crash accident 

reviews and gather any needed information from the accident in a timely 

fashion  

• Ensure that appropriate staff are trained at the project level, and who has the 

primary responsibility, with sufficient authority, for implementing the TMP and 

other safety and mobility aspects of the project.  

  

Contractor – Responsibilities of the contractor include:  

• Designating a certified trained person at the project level who has the primary 

responsibility, with sufficient authority, for implementing the TMP and other 

safety and mobility aspects of the project  

• Ensure that all contractor personnel are trained in traffic control to a level 

consistent with each of their responsibilities  

• Advising the Project Engineer, as required, at least two working days before 

any work requiring a lane closure begins  

• Working with the Project Engineer to ensure all lane closures are minimized  

• Ensuring work zones are neat, orderly and effective for the safety of highway 

workers and motorists  

• Minimizing delay and disruption experienced during construction  

• Performing quality control of work zones to promote consistency and ensure 

compliance with contract documents, policies, and guidelines  

• Recommend traffic control improvements to the Project Engineer to address 

field conditions pertaining to traffic flow, visibility, and worker and motorist 

safety.  

 

Work Zone Fatal Crash Review -- A Fatal Crash Review Team may investigate all fatal 

traffic crashes that are work zone related.  The team will be comprised of the following 

personnel:  District Construction (or Maintenance) Engineer (or representative), Project (or 

Maintenance) Supervisor, Claims Investigator, District Safety Officer, District Traffic 

Engineer/Technician, and Traffic Engineering Division Representative. The team’s 

responsibilities include to conduct a review of work zone, field documentation, any 

modifications made to the Traffic Control Plan, the crash report (if available), and develop 

any recommendations as appropriate.  

 

Work Zone Review Team – The Work Zone Review Team will consist of representatives 

from Central Office, District, FHWA, and may consist of stakeholders.  Responsibilities of 

the review team:  

• Conduct annual reviews of work zone planning, design, implementation, 

management, and operation in multiple districts to ensure compliance with this 

policy  

• Identify and document strengths and weaknesses observed during the review  

• Communicate findings and recommendations to WVDOH management and 

personnel  
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Plan Requirements  

This section provides guidance to Central Office and District Personnel for establishing a 

project’s TMP requirements based on the project’s level of complexity. These guidelines 

categorize a project into three types of transportation management.  The project’s level identifies 

the minimum TMP requirements and recommendations to be used by personnel responsible for 

the development and implementation of the project.  In general, the TMP shall consist of a 

temporary traffic control plan and as required, public information and a transportation operations 

plan.  The specific project level requirements for plan content are listed below:  

  

Level I  

• Typical Projects:  Minimum plan, Single Phase Construction, Maintenance 

projects, Utility and Work done under Permit  

• Project Type:  Simple Project – widening of pavement, adding turn lanes or 

entrances.  Sequence consists of temporary lane closures and flagging 

operations with no shifting of traffic onto temporary pavement and with two-

way traffic operation maintained at all times or at new construction locations 

with no existing traffic.  

• Impact on Traffic:  All lane closures and time restrictions will comply with the 

WVDOH Permitted Lane Closure Map  

• Major Components:  

• Temporary Traffic Control Plan – Major components will consist of General 

Notes, Typical Sections, and if needed, special details. (This information may 

be presented as in a narrative format with illustrations/sketches as necessary):  

o General Notes:  

▪ Identify the work zone location  

▪ Identify the length and width of the work zone  

▪ Identify the lanes affected by the project work  

▪ Note the hours the work zone will be active  

▪ Identify potential location(s), with the R/W, for construction 

equipment and material storage  

▪ Define the proposed traffic control by referencing the specific 

case(s) in the Manual on Temporary Traffic Control for Streets 

and Highways, Latest Edition  

▪ Note any entrances, intersections or pedestrian access points that 

will be affected by the work zone or by the traffic control devices  

o Typical Sections:  

▪ Illustrate lane configuration(s) in the work zone  

o Special Details:  

▪ Show schematically the placement of all traffic control devices  

▪ Place all traffic control devices and follow symbol conventions 

for identifying traffic control devices in accordance with the 

standards in the Manual on Temporary Traffic Control for Streets 

and Highways, Latest Edition, in the plans  

▪ Show all details, dimensions and explanatory notes required to 

execute the traffic control plan  
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• Public Information Plan – A public information plan is recommended for a 

roadway when the traffic volumes exceed the allowable ADT and the time of 

closure is established by the permitted lane closure maps.  The public 

information plan shall provide the following information (this information may 

be presented in the project plans as part of the Temporary Traffic Control plan 

in a narrative format):  

o A process to notify the media, District Engineer and staff of scheduled 

work plans and traffic delays.  

• Transportation Operations Plan – A Transportation Operations Plan is 

recommended when the work zone is greater than ½ mile in length and/or travel 

lane(s) are reduced. The transportation operations plan shall provide the 

following information (this information below is minimum requirements and 

should be presented in the project plans as part of the Temporary Traffic 

Control Plans in a narrative format):  

o A contact list of local emergency response agencies  

o A process to notify the District Engineer and staff, Traffic Engineering 

Division, and stakeholders of any incidents and expected traffic delays  

o Procedures to clear the incident and restore normal project traffic 

operations  

o Details of the process to review incidents for the purpose of modifying 

the Temporary Traffic Control Plan to reduce the frequency and 

severity of such incidents.  

▪ Submit a detour contingency plan, if approved by project 

manager/designer.  

 

Level II  

• Typical Projects:  Moderate level of construction activity with the primary 

traffic impact limited to the roadway containing the work zone.  

• Project Type:  Moderately Complex Project – widening of pavement and 

bridges, additional thru lanes and pavement rehabilitation.  Sequence consists 

of lane closures in one or both directions with shifting of traffic that may 

include temporary pavement or detours for the duration of the work.  

• Impact on Traffic:  

o All lane closures and time restrictions will comply with the WVDOH 

Permitted Lane Closure Map.  

• Major Components:  

o Temporary Traffic Control Plan – Major components shall consist of 

General Notes, Typical Sections, Detail Plans, and if needed, special 

details. Each component shall provide the following information per 

construction phase. This information shall be placed on a coordinated 

plan sheet. (This information may be presented as in a narrative format 

with illustrations/sketches as necessary):  

▪ Detail Plans which include all information listed under Level One 

Projects plus (this information shall be regarded as a minimum):  

• Narrative describing the Sequence of Construction  
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• Type and location of all temporary signs for the work zone 

and all detour routes  

• Type and location of all temporary pavement markings  

• Type and location of all temporary pavement   

• Type and location of all temporary barrier   

• Type and location of all impact attenuator/end treatments   

• A list of calendar dates for Holidays and any special event(s) 

within project time frame  

• Identify potential location(s), with the R/W, for construction 

equipment and material storage  

• Define the proposed temporary traffic control plan by 

referencing the specific case(s) in the Manual on Temporary 

Traffic Control for Streets and Highways, Latest Edition.  

• Note any entrances, intersections or pedestrian access points 

that will be affected by the work zone or by the traffic control 

devices  

 

▪ Typical Sections shall contain all the information listed for Level 

One Projects   

▪ Special Details/Cross Sections/ Profiles shall contain all the 

information listed for Category One Projects.   

o Public Information Plan – A public information plan is recommended 

for a roadway when the traffic volumes exceed the allowable ADT and 

the time of closure is established by the permitted lane closure maps.  

The public information plan shall provide the following information 

(this information may be presented in the project plans as part of the 

Temporary Traffic Control plan in a narrative format):  

▪ All information listed under Level One Projects.  

o Transportation Operations Plan – A Transportation Operations Plan is 

recommended when the work zone is greater than ½ mile in length 

and/or reduced travel lane(s).  The transportation operations plan shall 

provide the following information (this information below is minimum 

requirements and should be presented in the project plans as part of the 

Temporary Traffic Control Plans in a narrative format):  

▪ All information listed under Level One Projects.   

  

Level III (Significant Projects)  

These projects are anticipated to cause sustained work zone impacts greater than 

what is considered tolerable based on policy or engineering judgment.  They should be 

identified early in the project development process in accordance to DD-200 and in 

cooperation with the FHWA.  

• Typical Projects: Long duration construction or maintenance projects on 

Interstate and Expressway routes that have an ADT equal to or greater than 

25,000 or on other state highway route that has an ADT equal to or greater than 

15,000 that occupies a location for more than three (3) days with either 
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intermittent or continuous lane closures.  Also, this includes Interstates, 

Expressways, or other state highway route that may have multi-phase 

construction, high accident rates, full closures, or multiple work zones (two or 

more) within two miles of each other.  

• Project Type: Complex Project – Multi-phase construction that as a minimum 

may add additional through lanes, bridge rehabilitation, interchange 

construction or reconstruction, pavement rehabilitation, reconstruction, and 

widening on high volumes of traffic as described above. Sequence consists of 

lane closures in one or both directions with traffic shifting several times and 

that may include temporary pavement or detours for the duration of the work.  

Impact of work zone on stakeholders extends beyond the work zone and affects 

alternate and/or detour routes.  

• Impact on Traffic:   

o An assessment of the work zone impact will be completed using Quewz 

98, Quickzone 1.0, or and operational-level traffic analysis software 

simulation program such as CORSIM.   

o Lane closure analysis will be performed and/or approved by the Traffic 

Engineering Design/Operations Section(s) at the request of the Project 

Manager/ Project Designer.  

o All lane closures and time restrictions will comply with the WVDOH 

Permitted Lane Closure Map  

• Major Components:  

• Temporary Traffic Control Plan – Major components shall consist of General 

Notes, Typical Sections, Detail Plans, and if needed, special details. Each 

component shall provide the following information per construction phase. 

This information shall be placed on a coordinated plan sheet. (This information 

shall be presented as in a narrative format with illustrations/sketches):  

o Detail Plans which include all information listed under Level Two 

Projects plus (this information shall be regarded as a minimum) :  

o A list identifying the location of reduced lane width(s)  

o Typical Sections shall contain all the information listed under 

Level Two Projects  

o Special Details/Cross Sections/ Profiles shall contain all the information 

listed under Level Two Projects.  

 

• Public Information Plan – A public information plan is required for a roadway 

when the traffic volumes exceed the allowable ADT and the time of closure is 

established by the permitted lane closure maps.  The public information plan 

shall provide the following information (this information may be presented in 

the project plans as part of the Temporary Traffic Control plan in a narrative 

format):  

o All information listed under Level One Projects.  

 

• Transportation Operations Plan – A Transportation Operations Plan is required 

when the work zone is greater than ½ mile in length and/or results in reduced 
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travel lane(s). The transportation operations plan shall provide the following 

information (this information below is minimum requirements and should be 

presented in the project plans as part of the Temporary Traffic Control Plans in 

a narrative format):  

o All information listed under Level One Projects.  

 

 

Operational Analysis  

QUEWZ – 98 Program  

The Division of Highways uses the computer program QUEWZ to determine the queues 

and user costs that are associated with work zone lane c1osures.  Based on the type of lane closures, 

traffic volumes, time schedules, etc., the program will provide the user with the expected queue 

length and estimated user costs.  The designer may use this program to ensure the proposed traffic 

control plan is still cost effective.  The program user should review the user’s manual to determine 

how to use the program. This analysis will be performed by the Traffic Engineering Division’s 

Design Section.  

 

Inputs  

The user must provide the following inputs into the program:  

1. lane closure configurations,  

2. the schedule of work activities (e.g., work activity hours, lane constriction hours), 

and   

3. the traffic volumes approaching the freeway segment.  

 

The program provides default values for:  

1. cost update factor,   

2. percentage of trucks,   

3. speeds and volumes at various points on a speed-volume curve,   

4. capacity of a lane in the work zone,   

5. maximum acceptable delay to motorist, and   

6. critical length of queue.   

 

To obtain meaningful results, the designer should consider revising the default 

values to meet the site location.  For example, it should be noted that the program assumes 

that for queues longer than 20- minutes that some drivers will divert.  To account for actual 

queues and the corresponding user costs, the designer may need to adjust the 20-minute 

time frame to meet the project situation.  The designer should review the user’s manual to 

determine if the default values are applicable to the location under consideration.  

 

Outputs  

QUEWZ has two output options - road user cost and lane closure schedule.  The 

road user cost output option analyzes a specified lane closure configuration and schedule 

of work activities and provides estimates of traffic volumes, capacities, speeds, queue 

lengths, diverted traffic and additional road user costs for each hour affected by the lane 

closure.  The lane closure schedule option summarizes the hours of the day when a given 

number of lanes can be closed without causing excessive queuing.  
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In addition to the values obtained from the program, supplemental user cost 

calculations may be required where changes are expected based on existing traffic patterns 

and volumes.  Supplemental calculations for detours are typically required where an exit 

or entrance ramp within the construction zone (including those using crossovers) will be 

closed and where the designer judges that the QUEWZ program is not properly estimating 

the full amount of diverting mainline traffic.   

Experience has shown that additional detour user cost calculations should be 

conducted for the following:   

1. Where exit ramps are closed.  Experience has shown that most or all of this traffic 

will divert from the mainline before the construction zone.  Therefore, the exit ramp 

volumes should be deleted from the input mainline volumes before using QUEWZ 

and appropriate detour calculations performed.   

2. Closed entrance ramps may or may not lead to changes in the input values for 

QUEWZ.  Additional detour calculations will be required for any expected 

diversions.  

 

 

Temporary Traffic Control Devices Final Rule 

  

Background  

The Federal Highway Administration (FHWA) published the Final Rule on Temporary 

Traffic Control Devices, 23 CFR 630 Subpart K in December 2007. This rule applies to State and 

local governments that receive Federal-aid highway funding. All transportation agencies are 

required to comply with the provisions of the Rule. This rule supplements the Work Zone Safety 

and Mobility Final Rule – Subpart J and applies to all Federal Aid highway projects to include 

highway construction, maintenance, and utility projects.  

 

Requirements  

• Use of positive protection devices to prevent intrusions.  

• Exposure control measures to avoid or minimize exposure of workers and road users.  

• A Uniformed Law Enforcement policy.  

• Guidance for the safe entry and exit of work vehicles and equipment.  

• Guidance for payment for traffic control features and operations  

• Guidance to help maintain the quality and adequacy of the temporary traffic control 

devices for the duration of a project.  

 

For additional information on the Final Rule on Temporary Traffic Control Devices – 

Subpart K, follow this link: http://ops.fhwa.dot.gov/wz/resources/policy.htm  

The WVDOT is extending this requirement to all highway projects, regardless of the 

funding source.  

These guidelines should be applied to all projects; with the exception to work related to 

emergency repairs.  

  

Positive Separation Devices  

As part of the development of a Traffic Control Plan (TCP), the need for and usefulness of 

http://ops.fhwa.dot.gov/wz/resources/policy.htm
http://ops.fhwa.dot.gov/wz/resources/policy.htm
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temporary traffic barrier protection should be evaluated throughout the project development 

process. In general, temporary traffic control barriers should only be installed if it is determined 

that the barrier offers the least hazard potential.   

Installations and determination of Temporary Traffic Barriers are described per sections 

F.81 and F.82 and Figures 10 (Detail C) and 11 (Detail D) from the West Virginia Division of 

Highways Temporary Traffic Control Manual – latest edition and as described in Design Directive 

685. These items can be found by the following links: 

http://www.transportation.wv.gov/highways/engineering/Manuals/Traffic/TCM_06L.pdf 

engineering/DD/2006%20DD%20Manual%20MAS TER%2006112013.pdf  

WVDOH Publications Webpage: 

https://transportation.wv.gov/highways/mcst/Pages/specifications.aspx 

WVDOH Traffic Engineering Webpage: 

 https://transportation.wv.gov/highways/traffic/Pages/default.aspx 

 

In addition to the above, the following should be performed during design of the TCP:  

 

Preliminary Plan: Frequently during preliminary design, the TCP has not been developed 

to the point where an adequate assessment of the use of temporary traffic barrier can be 

made; however, available data should be used to make an initial determination regarding 

whether temporary traffic barrier is warranted and whether exposure control measures 

should be considered.   

  

Final Plan: During detailed design, as the TCP is developed further, an evaluation shall 

be performed to determine whether temporary traffic barrier is required and the most 

appropriate application of barrier (e.g., standard concrete traffic barrier, moveable 

concrete barrier, etc.). Factors to be considered in the evaluation include, but are not 

limited to, the following:  

• Project scope and duration  

• Anticipated travel speeds through work zone  

• Traffic volumes  

• Time of day (e.g., night work)  

• Vehicle mix  

• Pedestrian/bicycle exposure  

• Type of work (as related to worker exposure and crash risks)  

• Impacts on project cost and duration  

• Distance between traffic and workers and the extent of worker exposure  

• Escape paths available for workers to avoid a vehicle intrusion into the work space  

• Work area restrictions (including impact on worker exposure)  

• Consequences from/to road users resulting from roadway departure (e.g., severity 

of hazard, obstacle, or drop-off/slope)   

• Potential hazard to workers and road users presented by device itself and during 

device placement and removal (e.g., clear zone, barrier end protection, barrier 

deflection distance)   

• Geometrics that may increase crash risks (e.g., poor sight distance, sharp curves)   

• Access to/from work space   

https://transportation.wv.gov/highways/mcst/Pages/specifications.aspx
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Exposure Control Measures  

The appropriate measures should be taken to limit the exposure of a worker to motorized 

traffic and exposure of motorists to work zone activities, while also providing adequate 

consideration to the potential impacts on mobility. A wide range of Temporary Traffic Control 

Strategies that may be appropriate for a individual project basis to limit these exposures can be 

found listed in the Appendices of this Design Directive.    

  

Law Enforcement Implementation  

The West Virginia Division of Highways has implemented a directive for the use of a 

Traffic Director as part of a highway project based the following criteria as described in Traffic 

Engineering Directive 604. This policy reads as follows:  

A traffic director shall be a uniformed off-duty law enforcement official with a properly 

identified police vehicle that displays blue flashing lights.  The intent of a traffic director is to 

enforce the posted speed limit and to increase safety for motorists and workers.    

A traffic director shall be included within a traffic control plan when one or more of the 

conditions noted below exist in a work zone:  

1. Nighttime paving operations, nighttime resurfacing operations, or nighttime pavement 

repair:   

a. On any Interstate or Expressway facility with an ADT greater than 25,000, or  

b. On any non-Expressway facility with an ADT greater than 15,000.   

2. Pouring and curing of concrete, day or night, during the overlay of a bridge deck:  

a. On any Interstate or Expressway facility, or  

b. On any non-Expressway facility while maintaining two-way traffic with an 

ADT greater than 3,000, or  

c. On any one-way non-Expressway facility.  

3. Removing or setting of bridge beams:   

a. Over any Interstate or Expressway facility, or  

b. Over any non-Expressway facility with an ADT greater than 10,000.  

4. Installation or removal of full span or half span sign structures:  

a. On any Interstate or Expressway facility, or  

b. On any multilane Non-Expressway facility.  

c. A Traffic Director may be used under other circumstances, as approved by the 

Traffic Engineering Division.  

  

http://www.transportation.wv.gov/highways/traffic/Pages/TrafficEngineeringDirectives.aspx  

https://transportation.wv.gov/highways/traffic/Pages/default.aspx 

  

Guidance for the Safe Entry and Exit of Work Vehicles and Equipment  

The TTC plan should consider the need for a work area access plan. This is a 

constructability issue in which the designer addresses the question of how the contractor is to get 

materials and equipment into the work area safely.  This is a particularly critical issue on high 

speed facilities (such as the Interstate) where barrier wall is used to protect median work areas.  

Some consideration may be given to the design and construction of temporary acceleration and 

deceleration lanes for the construction equipment. The following should be considered in the 

design, planning and operation of work zones.      

http://www.wvdot.com/engineering/TEDs.htm
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1. Anticipate types of work zones likely to create ingress/egress problems.  Examples are 

median work spaces requiring work vehicles to merge into/out of high-speed traffic 

and work activities that will generate frequent delivery of materials such as paving 

projects and the delivery of fill material.  

2. Access into/out of the work space should be included in TCP.  When operations require 

access and it is not addressed in the plan the project engineer must address the issue 

within the limits of their authority.    

3. Adequate acceleration/deceleration space for work vehicles should be provided.    

4. The location of access openings should provide good sight distance for oncoming 

traffic.    

5. In extreme conditions lane closures may need to be considered.  

6. Openings in barrier walls should be planned to ensure that ends are properly protected 

and that the walls do not create sight problems.  

7. Ingress/egress condition may justify lowering the speed limit.  

8. Warning signs (W21-10) are available for ingress/egress conditions and should be used 

when appropriate.  Special warning signs may be necessary.  

9. The use of Changeable Message Signs and/or Traffic Directors should be considered.  

10. Vehicles entering/leaving a work space should use flashing amber lights for improved 

visibility by oncoming traffic.  

11. Drivers and operators should be trained on safe operation and must be supervised and 

corrections made when unsafe actions occur.   

 

Guidance for Payment for Traffic Control Features, Operations, and Guidelines for 

Maintaining the Quality of Temporary Traffic Control Devices  

The guidance for the payment of operations and maintenance of the traffic control devices 

implemented for the use on a West Virginia highway construction project is listed under 

Section 636 of the latest adopted edition of The West Virginia Division of Highways Standard 

Specifications for Roads and Bridges, as amended by the latest adopted issue of the West Virginia 

Division of Highways Supplemental Specifications.  

The guidelines set forth to maintain the quality and adequacy of temporary traffic control 

devices for the duration of a project will follow the latest adopted edition of The West Virginia 

Division of Highways Standard Specifications for Roads and Bridges as amended by the latest 

adopted issue of the West Virginia Division of Highways Supplemental Specifications, and 

supplemented with the latest edition of the Quality Guidelines for Temporary Traffic Control 

Devices issued by the American Traffic Safety Services Association (ATSSA). The application of 

the Standard Specifications and Quality Guidelines will help field personnel to evaluate the 

condition of devices and assure continued effectiveness.   
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Appendix A  

 

** - The strategies listed below are a minimum requirement for a TMP  

 

Work Zone Management Strategies 

Temporary Traffic Control (TTC)   

Control Strategies  Traffic Control 

Devices   

Project Coordination,  

Contracting, and Innovative  

Construction Strategies  

• Construction 
phasing/staging  

  

• Full roadway closures  

  

• Lane shifts or closures  

  

Reduced lane widths 

to maintain number  

of lanes  

  

Lane closures to 

provide worker  

safety  

   

Reduced shoulder 

width to maintain  

number of lanes   

  

Shoulder closures to 

provide worker  

safety   

  

Lane shift to 

shoulder/median to 

maintain number of  

lanes   

  

• One-lane, two-way 
operation  

  

• Two-way traffic on one 

side of divided facility   

• Temporary signs  

Warning  

   

Regulatory   

  

Guide/   

information   

  

• Changeable 
message signs  

(CMS)  

  

• Arrow panels  

  

• Channelizing 
devices  

  

• Temporary 
pavement  

markings  

  

• Flaggers and 
uniformed traffic  

control officers  

  

• Temporary traffic 
signals  

  

• Temporary 

Lighting  

  

• Warning Lights  

• Project coordination  

  

Coordination with other  

projects  

  

Utilities coordination  

  

Right-of-way  

coordination   

  

Coordination with other  

transportation  

infrastructure  

  

• Contracting strategies  

Design-build   

  

A+B bidding   

  

Incentive/disincentive 

clauses   

  

Lane rental   

  

• Innovative construction 

techniques (precast 

members, rapid cure 

materials)  
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Work Zone Management Strategies Public 

Information (PI)   
 

Public Awareness Strategies  Motorist Information 

Strategies  

Press releases/media alerts  

Planned lane closure web site  

Project web site  

Public meetings/hearings  

Community task forces  

Coordination with media/schools/businesses/ 

emergency services  

Work zone safety highway signs  

Changeable message signs  

(CMS)  

Temporary motorist 

information signs  

Dynamic speed message sign  

Freight travel information  

Transportation Management  

Center (TMC)  

  

 

 

  

•   Reversible lanes  

  

•   Ramp  

closures/relocation  

  

•   Night work  

  

•   Weekend work  

  

•   Work hour restrictions  

for peak travel  

  

•   Pedestrian/bicycle  

access improvements  

  

•   Business access  

improvements  

  

•   Off-site detours/use of  

alternate routes  
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Work Zone Management Strategies - Transportation Operations (TO)   

Demand  

Management  

Strategies  

Corridor/Network  

Management  

Strategies  

Work Zone Safety  

Management  

Strategies  

Traffic/Incident  

Management and  

Enforcement 

Strategies  

Shuttle services  

Ridesharing/carpooling   

Park-and-ride promotion  

Variable work hours  

  

Signal 

timing/coordination 

improvements  

Temporary traffic 

signals  

Street/intersection 

improvements  

Turn restrictions  

Parking restrictions  

Truck/heavy vehicle 

restrictions  

Reversible lanes  

Ramp closures  

Railroad crossings 

controls  

Coordination with 

adjacent construction  

site(s)  

Speed limit 

reduction/variable 

speed limits  

Temporary traffic 

signals  

Temporary traffic 

barrier  

Movable traffic barrier 

systems  

Crash-cushions  

Temporary rumble  

strips  

Warning lights  

Automated Flagger  

Assistance Devices  

(AFADs)  

Project task 

force/committee  

Construction safety 

supervisors/inspectors  

Road safety audits  

TMP  

monitor/inspection 

team  

Safety awards/ 

incentives  

Windshield surveys  

ITS for traffic 

monitoring/management  

Transportation  

Management Center 

(TMC)  

Surveillance 
(ClosedCircuit Television 

(CCTV)  

Mile-post markers  

Tow/freeway service 

patrol  

Total station units  

Photogrammetry  

Coordination with media  

Local detour routes  

Incident/emergency 

response plan  

Dedicated (paid) police 

enforcement  

Cooperative police 

enforcement  

Increased penalties for 

work zone violations  
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Appendix B  

 

Stakeholders.  Stakeholders are individuals, groups and organizations who have a “stake” in a 

particular highway improvement project.  They may be immediately affected by the project 

because they must travel through the construction work zone.  They may be more indirectly 

involved because of their position in the community or their job responsibilities are affected.  

 

The traveling public is of course the important stakeholder.  Motorists are most affected by 

highway improvement.  They enjoy the new highway or the resurfaced highway once the project 

is completed and they are the ones inconvenienced when caught in the construction zone.  They 

are by far, the largest and most important group a highway improvement project communication 

plan needs to target.  

Major businesses in and around a project work zone are traffic generators.  Employees going to 

and from work may travel through the zone daily.  Deliveries to the businesses can create slower 

moving truck traffic and the timely arrival of some deliveries can be critical to some operations. 

Informing the businesses before construction starts not only builds good will, but enables them to 

inform employees and adjust delivery and transport schedules.  

Other businesses located in the immediate area of a construction project may not be major 

employers, but may be traffic generators.  The proprietors may be concerned about the 

construction project interfering or limiting customer access and the resulting loss of business.  

Being in the communication loop will reassure them and allow them to let their customers and 

employees know what to expect.  

There are other stakeholders or stakeholder groups who may not be directly affected by highway 

improvement, but who should be considered when doing the construction project’s 

communication plan.  The stakeholders may not be located near the work zone.  They may not be 

traffic generators.  As individuals, they may not even travel through the work zone or in anyway 

be inconvenienced.  However, because of their position, they need to be informed.  It may be as 

simple as sending them copies of news releases or composing a letter.  

Local government officials, such as mayors, city managers, city council members, and county 

commissioners need to be informed in order to deflect complaints and feel part of the project.    

Emergency services and law enforcement agencies have a ‘need to know” about highway 

improvement in their service areas.  Often it is a matter of sending news releases to law 

enforcement headquarters and emergency 911 operations centers.  

Legislators at both the state and federal level often have an interest in highway projects in their 

respective districts.  In some cases they have been involved with project funding or they have 

helped promote the need for projects.  State legislators, using the legislative process, develop the 

state’s transportation budget.  At the national level, members of congress help decide funding and 

national transportation policy.  An informed legislator is much more likely to answer a 

constituent’s complaint about highway improvement in a positive tone.  
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Utility companies are another stakeholder that is often contacted during the design process if 

necessary.  But keeping appropriate utility company personnel up to date on the highway 

improvement project will help promote the image for all parties.  

Keep in mind that construction may create some special needs to contact specific individuals or 

organizations.  The postmaster may need to reroute mail delivery due to a road closure or inability 

to access rural mail boxes.  Convention and visitor’s bureaus should have construction 

information to pass on to meeting planners.  Promoters and managers of special events (local 

festivals, street fairs, county fairs, etc.), entertainment venues and amusement parks need to 

understand that construction could affect customer access.  Look for opportunities to share 

construction information with travel clubs, such as the American Automobile Association.  

Developing an all-inclusive list of stakeholders who have a need to know about any given highway 

improvement project is dependent on the type of construction, the extent of construction, the length 

of the construction zone and how long the construction is expected to take.  When planning 

communication for a construction project, consider the construction zone’s geography, business 

and residential environment in order to begin the development of a specific list of stakeholders 

who need information on the construction project.  Remember, an informed group of stakeholders 

not only builds good will and lessens the complaints, but the stakeholders in turn become 

communicators to their constituents.  Well planned and targeted communication will ensure a 

positive message is forwarded.  
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Appendix C  

 

Proposed Work Zone Training Requirements     

Staff  Number of Individuals  Course  Time  Required  

Design 150 NHI 3 days Every 5 years 

 

Construction 200 ATSSA 1 -1.5 days Every 5 years 

 

Maintenance 100 LTAP/T2 1 day Every 5 years 

 

Programming 

Planning 
15 Peer to Peer 1 day Every 5 years 

  

Design staff shall be from Traffic Engineering Division, Engineering Division, District 

Design, District Traffic.  

Construction staff shall be from Central Office and District level Construction 

Engineers, Construction Supervisors, Construction Inspectors, and Utilities 

Supervisors and Inspectors.  

Maintenance staff shall be from Central Office and District level Maintenance 

Engineers, Maintenance Assistants from the County and Expressway Headquarters.  

Programming Division and Planning Division staff shall be from the Central Office.  
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 

 

DESIGN DIRECTIVE 813 

BICYCLE/PEDESTRIAN ACCOMMODATION 

September 6, 2023 

Supersedes September 30, 2013 September 6, 2023 

 

 The goal of the West Virginia Division of Highways (WVDOH) is to plan, design, 

construct, maintain and operate a safe, efficient, and economical highway system for all users of 

the system.  While motor vehicle traffic is the major concern in performing this task, bicyclists 

and pedestrians must also be given proper consideration. 

 In order to integrate the needs of the motorized and non-motorized users of our highway 

system, the WVDOH, in cooperation with the Federal Highway Administration (FHWA), 

adopted “The Statewide Plan for Accommodation of Bicycle Transportation and Pedestrian 

Walkways” dated September 1997. Based on this document it is the policy of the WVDOH that 

during the design of all highway construction projects, consideration will be given, as outlined 

herein, for the incorporation of facilities for the accommodation of bicyclists and pedestrians. 

The designer’s attention is directed to the following publication: “Guide For 

Development Of Bicycle Facilities 2012 (Fourth Edition)”, AASHTO (hereinafter referred to as 

the 2012 AASHTO Bicycle Guide) or most current edition. Many of the definitions in this 

Design Directive are summarized from this resource, and it is the source of any design standards 

not described here in detail. It is to be used as a reference supplementing this Design Directive. 
 

DEFINITIONS 

 

Bicycle Facilities: A general term denoting improvements and provisions made by public 

agencies to accommodate or encourage bicycling, including parking and storage facilities, and 

shared roadways not specifically defined for bicycle use.  This includes new or improved lanes, 

paths, or shoulders for use by bicyclists as well as traffic control devices, shelters, and parking 

facilities for bicycles.  

 

Bikeway: A generic term for any road, street, path, or way which in some manner is specifically 

designated for bicycle travel, regardless of whether such facilities are designated for the 

exclusive use of bicycles or are to be shared with other transportation modes.  NOTE: All public 

highways in West Virginia are open to bicycle traffic; however, on facilities such as Interstate 

Highways, bicycles are prohibited except in some very limited circumstances, such as when a 

fully controlled access highway is the only link between two separate bikeway segments. 

 

Bicycle Boulevard: a local street or series of contiguous street segments that have been modified 

to function as a through street for bicyclists, while discouraging automobile through travel. Local 

access is maintained. 

 

Bicycle Network: A system of bikeways designated by the jurisdiction having authority.  This 

system may include bike lanes, bicycle routes, shared use paths, and other identifiable bicycle 

facilities. 
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Bicycle Lane: A portion of the roadway that has been designated for preferential or exclusive 

use by bicyclists by pavement markings. It is intended for one-way travel, usually in the same 

direction as the adjacent traffic lane, unless designed as a contra-flow lane.  

 

Bicycle Route: A roadway or bikeway designated by the jurisdiction having authority, either 

with a unique route designation or with Bike Route signs, along which bicycle guide signs may 

provide directional and distance information. Signs that provide directional, distance, and 

destination information for bicyclists do not necessarily establish a bicycle route.  

 

Category I Roadways: Any highway facility that is a partially controlled access facility or any 

highway facility that contains four (4) or more travel lanes with design speeds greater than 40 

mph. 

 

Category II Roadways: Any non-controlled highway facility or street not defined as being a 

Category I Roadway. 

 

Pedestrian Walkway Facilities: A general term denoting improvements and provisions made 

by public agencies to accommodate or encourage walking.  This includes new or improved lanes, 

paths or sidewalks. 

 

Combined Facilities: A combined facility, for the purpose of this directive, is a facility 

designated for use by bicyclists and pedestrians. 

Rural Areas: All parts of the highway system NOT within an urban area as described in 

“Urbanized Areas” below.  

 

Shared Lane:  A lane of a traveled way that is open to both bicycle and motor vehicle travel. 

 

Shared Use Path:  A bikeway physically separated from motor vehicle traffic by an open space 

or barrier and either within the highway right of way or within an independent right of way.  

Shared use paths may also be used by pedestrians, skaters, wheelchair users, joggers, and other 

non-motorized users.  Most shared use paths are designed for two way travel. 

 

Trails: Facilities that may be used by, but not limited to, non-motorized vehicles, horseback 

riders, cross-country skiers, and pedestrians. 

 

Urbanized Areas: All parts of the highway system within an urban area as shown on The West 

Virginia Urban Area maps maintained by the Planning Information Technology Division. These 

maps are located on the Division’s website at the following link: 

www.transportation.wv.gov/highways/programplanning/gti/GIS/MAPS/Pages/UrbanAreaMaps.a

spx. https://transportation.wv.gov/IT/GIS/MAPS/Pages/default.aspx 

 

 

BICYCLES 

During the environmental review and/or planning process, the WVDOH will assess the 

need and potential for the development of bicycle facilities as a part of the project.  The criteria 
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in the "Statewide Plan for Accommodation of Bicycle Transportation and Pedestrian Walkways", 

September 1997 will be considered. Reference is also made to the 2012 AASHTO Bicycle Guide 

or most current edition. It should be noted that the development of a bicycle facility may be 

combined with the development of a pedestrian walkway facility.  The resulting combined 

facility would be designated for both bicycle and pedestrian use.  The combined facility must 

meet the criteria for both bicycles and pedestrians while accounting for the required safe 

separation of these two transportation modes. 

If it is determined that bicycle facilities are to be incorporated in the project, the 

environmental documents shall include recommendations as to the type of bicyclist(s), as well as 

the type of facility to be considered in the design process. 

The designer shall use the following criteria when determining the need for bicycle 

facilities in new construction or reconstruction projects. 

 

A. Urbanized Areas 

• Bicycle facilities shall be established in all new construction or reconstruction 

projects that add a new highway or alter the functionality of an existing highway.  

Exceptions to this policy are described below. 

• Bicycle facilities may not be required if one or more of the following conditions 

exist: 

• Bicycles are prohibited from using the roadway. 

• The cost of establishing a bikeway is greater than ten (10) percent of the 

estimated construction cost of the project. 

• Existing population conditions and other factors indicate an absence of 

need for bicycle facilities. 

• Development costs such as right-of-way, utility relocation, environmental 

mitigation, historical resource avoidance, and others may be considered 

when determining the need to establish a bicycle facility. 

 

B. Rural Areas 

• Designated bicycle facilities may be considered during the design phase of the 

project 

• All new construction or reconstruction projects that add a new highway or alter 

the functionality of an existing highway, shall as a minimum, be designed as a 

Category II Roadway. 

• The designer shall consider the continuity of bicycle facilities on highways where 

the classification of the highway changes from urban to rural in relatively short 

distances. 

 

The final decision for inclusion of bicycle facilities in the project will be made during the 

design process utilizing the above criteria.  If the designer proposes not to incorporate bicycle 

facilities in the proposed project, written approval must be obtained from the Deputy State 

Highway Engineer–of Construction,/Development, or Operations, as applicable Applicable Chief 

Engineer. 

Bicycle facilities will be accommodated by one or more of the following methods: 

• Designation of the project as a Bikeway or a Bicycle Route; 

• Inclusion of a Bicycle Lane in the design of the project in urban areas; or 
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• Designation of or the inclusion of a Shared Use Path in the design of the project. 

 

Sidewalks should not be designated for bicycle use. Bicyclists may be encouraged, with 

appropriate signing, to use short segments of sidewalks. One example of this would be a bridge 

structure that provides a safer environment to traverse the bridge. This would only be considered 

if the bridge sidewalk is wide enough to accommodate both pedestrians and bicyclists, in which 

case the criteria for a “Combined Facility” would be utilized (see the 2012 AASHTO Bicycle 

Guide or most current edition).  

 

Design Bicyclist:  To address the needs of bicyclists of various skill levels, the WVDOH 

shall use a classification of bicyclists.  This system is a modification of the existing 

classification system used by AASHTO.  This system is described as follows (taken from the 

2012 AASHTO Bicycle Guide): 

 

Experienced and Confident:  This group includes bicyclists who are comfortable riding 

on most types of bicycle facilities, including roads without any special treatments for 

bicyclists.  This group also includes utilitarian and recreational rider of many ages who 

are confident enough to ride on busy roads and navigate in traffic.  Such bicyclists may 

deviate from the most direct route to travel in their preferred riding conditions. 

Experienced bicyclists may include commuters, long distance road bicyclists, racers, and 

those who participate in rides organized by bicycle clubs.  

 Most experienced riders are comfortable riding with vehicles on streets.  Some 

prefer on-street bike lanes, paved shoulders, or shared use paths.  They prefer a more 

direct route to their destination and avoid riding on sidewalks. 

 

Casual and Less Confident:  This group includes a majority of the population, and 

includes a wide range of people: (1) Those who ride frequently for multiple purposes; (2) 

those who enjoy bicycling occasionally but may only ride on paths or low-traffic and/or 

low-speed streets in favorable conditions; (3) those who ride for recreation, perhaps with 

children and; (4) those for whom the bicycle is a necessary mode of transportation.  

 Casual riders prefer shared use paths, bicycle boulevards, or bike lanes along low 

volume, low speed roads and streets.  They may have difficulty gauging traffic and may 

be unfamiliar with the rules-of-the-road for bicyclists. They may use less direct routes to 

avoid heavy traffic volumes and are more likely to ride on sidewalks. 

 

 

PEDESTRIANS 

During the environmental review and/or planning process, the WVDOH will assess the 

need and potential for the development of pedestrian walkway facilities as a part of the project.  

The criteria in the "Statewide Plan for Accommodation of Bicycle Transportation and Pedestrian 

Walkways", September 1997 will be considered.  Reference is also made to the following 

publication: “Guide for the Planning, Design, and Operation of Pedestrian Facilities, July 2004, 

AASHTO. It should be noted that the development of a pedestrian walkway facility may be 

combined with the development of a bicycle facility.  The resulting combined facility would be 

designated for both pedestrian and bicycle use. The combined facility must meet the criteria for 

both bicycles and pedestrians while accounting for the required safe separation of these two 
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transportation modes. 

If it is determined that pedestrian walkway facilities should be considered, the 

environmental documents would include recommendations as to the type of facility to be 

constructed.  Facilities to be considered are sidewalks, shoulders and/or separate paths. 

Any pedestrian accommodation on a project must be in accordance with DD-811 

(Accessibility Standards, Curb Ramps and Sidewalks) and be in accordance with the additional 

design standards noted below.  

The designer shall use the following criteria when determining the need for pedestrian 

walkway facilities in new construction projects. 

 

A. Urbanized Areas 

• Pedestrian walkway facilities shall be established in all new construction or 

reconstruction projects that add a new highway or alter the functionality of an 

existing highway.  Exceptions to this policy are described below. 

• Pedestrian walkway facilities may not be required if one or more of the following 

conditions exist: 

• Pedestrians are prohibited by law from using the roadway. 

• The cost of establishing a pedestrian walkway is greater than ten (10) 

percent of the estimated construction cost of the project. 

• Existing population conditions and other factors indicate an absence of 

need for pedestrian walkway facilities.  Development costs such as right-

of-way, utility relocation, environmental mitigation, historical resource 

avoidance, and others may be considered when determining the need to 

establish a pedestrian walkway facility. 

 

B. Rural Areas 

• Designated pedestrian walkway facilities may be considered during the design 

phase of the project. 

• All new construction or reconstruction projects that add a new highway or alter 

the functionality of an existing highway, shall as a minimum, be designed as a 

Category II Roadway. 

• The designer shall consider the continuity of pedestrian walkway facilities on 

highways where the classification of the highway changes from urban to rural in 

relatively short distances. 

 

On bridge construction projects, a sidewalk shall be designed as a part of the bridge if 

sufficient pedestrian activity exists and there is not a suitable pedestrian crossing reasonably 

close to the bridge. In the case of bridge replacement projects, a sidewalk shall be designed as a 

part of the bridge if the existing structure had a sidewalk or if sufficient pedestrian activity exists 

and there is not a suitable pedestrian crossing reasonably close to the bridge. 

 

 

DESIGN STANDARDS 

 The following design standards have been developed for bicycle and pedestrian 

accommodation. These lists are not considered to be all-inclusive.  The designer should consult 

the 2012 AASHTO Bicycle Guide (or most current edition) for further guidance, especially for 
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design guidance for Shared Use Paths. The “Proposed Accessibility Guidelines for Pedestrian 

Facilities in the Public Right of Way” (PROWAG), dated July 26, 2011, should be considered as 

minimum criteria for the design of any new or the replacement of any existing pedestrian facility.  

 

A. General (Applicable to Pedestrian and Bicycle) 

• The designer is cautioned to review sight distances carefully due to extra height of 

barriers as a design exception could be necessary for the extra height where a 

normal height barrier would not have needed one. 

• All paved shoulders to accommodate both pedestrians and bicycles 

• All structures shall have a combination of railings, fences or barriers with a 

minimum height of 42” for pedestrians and bicycles.  A 48” railing shall be 

considered for the following conditions: 

• Where bicycle speeds are likely to be high (such as on a downgrade) 

• Where a bicycle could impact a barrier at a 25 degree angle or greater 

(such as in a curve) 

• Where significant bicycle traffic is anticipated 

• Where a bicycle falling over the rail could be catastrophic, such as a high 

drop off or into traffic. 

• Drainage grates for bicycle routes shall be of a bicycle safe design. 

• Reference is made to DD-645, Rumble Strips, to bicycle mitigation methods for 

rumble strips. 

 

B. Category I Roadways 

• Bicycle accommodations are to be designed for one way operation 

• Bicycles to be encouraged to utilize right shoulder (with signing) 

• Bicycles to be encouraged to use exit and entrance ramps shoulders (with signing) 

• Minimum 5’-0” width of right shoulder (non-structure)* without rumble strip 

• Minimum 6’-0”width of right shoulder (bridge structure)* without rumble strip  

• Bridge expansion joints must be bicycle safe on the right shoulder (no exposed 

finger dams) 

 

*NOTE: The values for shoulder width shown in DD-601 shall supersede the values shown 

above if the values in DD-601 are greater. 

 

C. Category II Roadways 

• Bicycle accommodations are to be designed for one way operation 

• When the ADT is greater than 1000 vpd, shoulders may be paved if bicycle 

and/or pedestrian walkway facilities are to be considered 

• When the ADT is less than 1000 vpd, paved shoulder widths of 2'-0" should be 

considered; however, paved shoulder widths of 4'-0" or greater are encouraged.  

For pedestrian facilities, in absence of paved shoulders, a stabilized shoulder of 

2'-0" minimum or 4'-0" preferred widths should be encouraged. 

• All structures shall have a minimum shoulder width similar to the approach 

roadway shoulder width, but does not have to exceed 5'-0" 

• Bridge expansion joints for bicycle facilities 
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• If shoulder is 5'-0" or greater, no exposed finger dams on the right 

shoulder 

• If shoulder is less than 5'-0", no exposed finger dams on full 

roadway 

• On curbed sections of roadways on bicycle routes, width of right lane shall be 14'-

0", including the gutter pan. 

• Structures without sidewalk shall have minimum shoulder widths of 4'-0" 

• Structures with sidewalks shall have 4' minimum sidewalk widths and right 

lane/shoulder combined width of 14'-0" (12’-0” lane/2’-0” shoulder) 

 

D. Shared Use Paths   

• Designed for 2 way operation 

• Minimum Travel Width - 10’  with 2'-0" graded shoulders 

• Reduced width of 8’ in very rare circumstances or for short distances due to 

physical constraints. 

• Structure railing/fence/barrier must be at least 5'-0" from the edge of shoulder of 

parallel roadway or separated by a combination of railings, fence or barrier with a 

height as described above. 

• Superelevation 2% (no crown) 
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 
 

 

This Design Directive (DD) provides guidance on selecting asphalt pavement mix design 

methods and types of asphalt pavement. It also provides descriptions of situations that require 

polymer-modified asphalts, and methods for calculating quantities and types of materials that are 

to be used. 
 

TYPES OF ASPHALT MIX DESIGNS 

Marshall Asphalt Mix Design: Bruce Marshall developed the “Marshall” method of asphalt mix 

design in the late 1930’s for the Mississippi Highway Department. This method has been used by 

the WVDOT since the 1970’s. 

 

Superpave Asphalt Mix Design: “Superpave” stands for Superior Performing Asphalt Pavements. 

It represents an improved system for specifying the components of asphalt concrete, asphalt 

mixture design and analysis, and asphalt pavement performance prediction. The Strategic Highway 

Research Program (SHRP) developed the Superpave asphalt pavement mix design method in the 

early 1990’s. 

 

ASPHALT PAVEMENT MIX DESIGN TYPE SELECTION 

Superpave asphalt mixture types are to be used for the following type projects: 

1. Projects with a design ESAL count of greater than 3,000,000. 

1.2. New construction of multilane divided highways where the mainline pavement is 

asphalt pavement. 

2.3. Overlay or 3R type projects on existing multilane divided highways where the asphalt 
pavement overlay is 3 inches or more. 

3.4. Overlay type projects on existing National Highway System (NHS) highways where the 

asphalt pavement overlay is 3 inches or more. 

4.5. Projects on other highways were approved by the Deputy State Highway Engineer 

Chief Engineer of Development or Operations. 

Marshall asphalt mixture types are permitted on all other projects. 

SPECIFICATION SELECTION CRITERIA 

There are three specifications available when identifying the asphalt requirement for 

projects. Specifications Sections 401, 402 and 410 shall be used based on project criteria. 

• Section 401 is the standard asphalt pavement specification, covering most roadways. 

• Section 402 is utilized for roadways needing polish resistant aggregates to promote skid 

resistance. 

• Section 410, “Percent Within Limits”, is a specification for use when there is a need for 

performance related results. This Specification uses mathematical models to quantify 

DESIGN DIRECTIVE 644 

ASPHALT PAVEMENT  

 February 24, 2026 
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relationships between quality characteristics and product performance. These 

characteristics include mat density, asphalt content, bond strength and others, with 

samples taken directly from the roadway. Acceptance according to Section 410 (PWL) 

shall be limited to the top two layers of the pavement, scratch and P&L do not count as a 

pavement layers. Other materials below the top two layers shall be accepted in 

accordance with Ssection 401. 

 

Section 410 (PWL) of the Specification shall be used on the following project types: 

1. New Construction where the mainline is asphalt pavement. 

2. Overlay projects on existing multilane divided highways. 

3. Overlay projects on any National Highway System (NHS) routes, as found on the 

Divisions website using the latest version of the “Annual Roadway Inventory Statistics” 

4. Projects on other highways where approved by the Deputy State Highway 

EngineerChief Engineer of Development or Operations. 
 

Additionally, a project must meet all of the following specific requirements for the use of 

Section 410: 

1. ProjectsThe Layer exceeds 5,000 tons in either of the top two asphalt layers (scratch 

and P&L do not count as layers) 

2. The overall width of asphalt equals or exceeds 20 feet in width 

3. Project paving is continuous for a minimum of 1500 feet 

4. Posted speeds equal to or greater than 35 mph 

 

The Specifications in Section 401 and 402 shall be used for all other projects. 

 

DETERMINATION OF EQUIVALENT SINGLE AXLE LOAD (ESAL) 

The “ESAL Calculator” program shall be used to calculate the 20-year projected design 

ESALs for all projects unless one of the following applies. 

1. The “ESAL Calculator” program produces a value exceeding 10,000,000. 

2. When a traffic study has been performed. (i.e. When traffic movements or traffic counts 

are provided by the Traffic Modeling and Analysis Unit of the Planning Division.) 
3. On roadway realignment projects that exceed 1000 feet of relocated roadway. 

4. When there is an expected development in the area that may change or alter the nature 

or character of the expected traffic. (i.e. Shopping centers, schools, etc.) 
5. The project is on the CRTS (Coal and Resource Transportation System). 

 

The ESAL Calculator program can be obtained from the West Virginia Department of 

Transportation's Engineering Publications and Manuals Materials Toolbox website at 

http://www.transportation.wv.gov/highways/engineering/Pages/Manuals.aspx 

https://transportation.wv.gov/highways/mcst/Pages/tbox.aspx, then under the “Paving” 

“Pavement” heading choose “ESAL Calculator”. 

When the ESAL Calculator program cannot be used to calculate the ESALs, then the 

ESALs or the percentage of traffic in each of the 13 classes shall be obtained from the Traffic 

Monitoring Unit of the Performance Management Group. The Traffic Monitoring Unit can be 

emailed at TMATrafficMonitoring@wv.gov. The designer is cautioned that the development of 

appropriate data to establish accurate ESAL estimates should be requested prior to the Design 

Study Office Review (if there is one) or prior to the Preliminary Field Review (if there was not a 

design study.).  

mailto:TMATrafficMonitoring@wv.gov.
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Projects shall show the projected design ESALs on the general notes and the typical section 

sheets showing the pavement details.   

 

SURFACE PREPARATIONS 

Milling is used to remove surface distresses, create a better bond for an overlay, restore 

cross slope, and maintain vertical geometric properties, such as bridge clearance, guardrail height, 

and grade with gutter area. Milling shall be the preferred method of correcting deviations to the 

road surface prior to resurfacing. 

When milling is specified by the contract, the thickness of milling specified by the Designer 

shall be at least 1/4” into the layer just below the layer(s) being removed. The intent is to mill off 

the entire layer(s), and not leave any partial layers. 

Section 415 of the Specifications, Milling of Asphalt Pavement Surfaces, contains three (3) 

types of milling: Standard Milling, Fine Milling, and Micro Mmilling. These are differentiated 

primarily by the carbide tooth spacing, typically 15, 8, and 5 mm respectively, resulting in finer 

textured surfaces. These milling types specify the final surface texture prior to any overlay. The 

following describes the conditions in which the designer should use each type of milling: 

• Standard Milling: Used as the default milling of asphalt pavement. It is intended to be 

used when the Division plans to remove existing asphalt pavement to correct deviations 

less than one (1) inch, without a high level of profile and slope control. 

• Fine Milling: Used when the Division intends to overlay the milled surface with a two 

(2) inch or less asphalt course. It shall also be used when the contract contains pay items 

from Section 410 of the Specifications, Asphalt Base and Wearing Courses, Percent 

Within Limits (PWL). It is intended to be used when control of the profile and slope of 

the milled surface is important. Fine milling shall only be used if there is a minimum of 

5,000 SY of fine milling. 

• Micro Milling: Used for smoothness correction, skid correction, bump and/or grade 

corrections on existing or newly paved surfaces. This milling is typically less than an inch. 

It is not intended to be used when additional asphalt will be placed on the milled surface. 
 

If fine milling is needed and multiple milling passes are necessary, standard milling shall 

be used to cut down to one inch above the final prepared surface. The designer shall document in 

the plans the estimated thickness of each type of milling. 
 

ASPHALT MATERIAL (TACK COAT) 

Asphalt Material (Tack Coat) (Section 408) shall be specified for placement on all existing 

pavement prior to placing asphalt pavement. If the designer can anticipate phased construction 

where part of the base or intermediate course will be open to traffic prior to final lift placement 

additional Asphalt Material should be included. 

 

SCRATCH 

Scratch Course is normally used in rehabilitation or resurfacing projects that do not contain 

a milling item. Scratch should be used to correct rutting and other deviations up to about one inch 

when the milling operation will cause an unnecessary disruption to the traveling public. If milling 

is performed on the project, Scratch Course shall not be used. 

Scratch Course can be placed over the entire project or to the limits established by the 

designer. If the Scratch Course is not to be placed over the full width of the project, it shall be 

specified full lane width increments. Although Scratch Course can be placed over the entire project, 

it is not a constant thickness layer. The term "Scratch Course" comes from the method of placement 
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of this item. The paving equipment is set to drag on or “scratch” the high areas of the existing 

pavement, only depositing material in the low areas; thereby creating a smooth surface on which 

to place the next layer of asphalt pavement. 

Scratch course may be specified as a 9.5 mm or a 4.75 mm mix. Scratch Course shall be 

shown on the plan typical sections as a line without a thickness or application rate. Scratch Course 

is not included in the structural design of the pavement. 

Scratch Course shall not be used on new construction. 

 

PATCH AND LEVEL 

Patching and Leveling is to be placed at various locations throughout the project to remove 

irregularities in the existing pavement, such as dips, or to raise the outside edge of the existing 

pavement to provide a uniform template prior to placing a base or wearing course. Patching and 

Leveling shall not be specified as a continuous layer or course to be placed over the full width and 

length of the project. 

Patching and Leveling shall be used only in resurfacing or rehabilitation projects, not in 

the construction of new pavements. It shall be specified when the deviations in the existing 

pavement are one (1) inch or greater in depth. 

Patching and Leveling shall be shown on the plan typical sections as a layer with thickness 

specified as "variable - 2" maximum lift thickness. No application rate shall be shown. Patching 

and Leveling thickness is not included in the structural design of the pavement. 

 

OVERBANDING LONGITUDINAL JOINTS 

  Longitudinal joint construction in asphalt pavements is a critical phase of construction. This 

affects structural integrity and results in premature failure of the asphalt pavements. Overbanding 

makes joints less susceptible to deterioration from water and other external factors.  

  Longitudinal joints shall be overbanded using PG 64S-22 binder, a minimum of six (6) 

inches in width (three (3) inches on each side of the joint), centered over the joint, at a thickness 

of 1/16 inch, in accordance to subsection 401.13.3 and Section 403 of the Specification. This 

overbanding shall be specified for placement on all longitudinal joints after the placement of the 

asphalt pavement surface layer.  
 

PERFORMANCE GRADED (PG) BINDER TYPE SELECTION 

Binder Selection will be based on the design ESAL estimate for all projects. 
 Binder  ESALs 

PG64S-22   <120 million 

PG64H-22   20 million — 30 million 

PG64E-22 (Polymer Modified Binder) >230 million (See PMA Section) 

 

While rare, for colder areas of the state, a lower binder grade of PG 58S-28 may be 

appropriate. If unsure, the designer can contact the Asphalt Section Group of Materials Control, 

Soils, and Testing Division at DOHasphalt@wv.gov. 

When using anything other than PG64S-22, tThe binder grade shall be provided on both the 

general notes sheet and the typical section sheet(s) showing the pavement details. 

PG 64S-22 binder may be used in asphalt placed below the top two lifts in any pavement 

section. Scratch course and patching and leveling are not identified as lifts. PG 64H-22 and 

PG64E-22 shall not be used in Marshall mix designs. 
 

Polymer Modified Asphalts (PMA) or Non Standard Grade: The binder PG 64E-22, which is a 

mailto:DOHasphalt@wv.gov.
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polymer-modified binder, is required to be used in the following cases: 

1. Projects estimating more than 20 million ESALs. 

1.2. For the surface lift on roadways facilitating access to industrial parks, warehouses, 

production facilities, etc. 

2.3. High Performance Thin Overlay (HPTO) asphalt pavement in accordance with Special 

Provision 496. Since PG 64E-22 is required by the Special Provision a plan note is not 

required. 
 

A binder grade associated with a higher ESAL count may be used, at the discretion of the 

responsible eEngineer, on projects where the pavement exhibits severe rutting or shoving problems 

due to heavy traffic conditions, such as: 

1. Intersections with very heavy truck traffic 

2. Truck climbing lanes and ramps 

 

PMAs have shown great success as being a long-term solution to severe rutting problems. 

Due to the additional cost of a PMA, it shouldn’t be used on any project without first repairing 

base failures and removing excessively rutted pavement. PMA shall generally be used only in the 

skid surface mix (preferably a 12.5 mm mix) but may also be used in the underlying courses 

depending on the severity of the traffic conditions. Always use the preferred thickness from the 

Superpave asphalt pavement recommended lift thickness tables as a minimum thickness when 

using PMA. Any mix design to be used as a scratch course shall not be specified to use PMA. 

PMA Pavement quantities shall be used in increments of 400 tons due to minimum 
requirements necessary for ordering of material. 

PG 64S-22 binder should be used in asphalt placed below the top two lifts in any pavement 

section. Scratch course and patching and leveling are not identified as lifts. 

 

PAVEMENT STRUCTURE 

Bottom Courses: When developing the overall pavement thickness, it is recommended the designer 

use 25 mm mix as the bottom lifts. When a 25mm mix is to be used on a Ssection 410 (PWL) 

project, acceptance of the 25mm layer(s) shall be in accordance with Ssection 401. 

Where Marshall is permitted, a Marshall Type 2 Base Course shall be specified instead of 

a Type 1 Base when the total base course thickness is less than or equal to 3.25 inches. 
 

Intermediate Courses: On new construction or multi-lift projects a Superpave 19 mm or Marshall 

Type 2 base mixture shall be utilized below the surface course to promote smoothness in the final 

pavement. 
 

Surface Courses: The wearing course is a single constant thickness layer to be placed over the 

entire pavement surface. The wearing course is the riding surface on which traffic travels. A 

Superpave 4.75 mm, 9.5 mm, or 12.5 mm or Marshall Type 1 or Type 3 Wearing mixture is the 

mix type to be used as the surface course. PMA can also be used if traffic warrants. A Marshall 

Type 4 Wearing is intended for use in heavy truck traffic situations, note that a wearing 4 is a 

visually coarse mixture. 

Section 402 shall be used for the surface course on projects with a current ADT of 3000 or 

more vehicles per day. Only Superpave 9.5 mm and 12.5 mm mixtures and Marshall Type 1 and 

Type 4 wearing mixtures shall be specified as a skid resistant mix. 

A 4.75 mm mix shall only be used for pavement preservation applications or as a surface 

course over an intermediate course in multi-lift applications. High performance thin overlays may 
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be used for pavement preservation on roads with ADT of 3000 or more vehicles per day. 

 

SUPERPAVE MIX TYPE RECOMMENDATIONS 

The following table provides a list of Mix Type recommendations for the designer to use 

when preparing pavement lift thicknesses for the typical section. Pavement designs provide an 

overall thickness of asphalt pavement and the designer is generally left to make the decision on 

bottom, intermediate, and surface course thickness. The designer should use recommendations 

found in the Pavement Structure section, as well as minimum and maximum thicknesses from the 

table. 

For Marshall Base Courses, it is recommended that in multi-lift pavements when Type 1 Base 

Course is used, an intermediate course (the top lift of base course) be a Type 2 to improve the 

smoothness of the finished pavement. This would eliminate the use of a Scratch Course prior to 

placing the surface course. 

 

Recommended Lift Thickness for Asphalt Pavement 

Marshall Mix 

Type 

Superpave Mix 

Type (mm) 

Minimum 

(inches) 

Maximum 

(inches) 

PreferredNote1 

(inches) 

Wearing 3 4.75 5/8 1 5/8 

Wearing 1 9.5 1.5 2.0 1.5Note2 

- 12.5 1.5 2.5 2.0 

Wearing 4/Base 2 19 2.25 3.5 2.5 

- 25 3.0 4.0 3.5 

Base 1 - 3.25 5.0 4.0 

Note 1: Minimum Thickness with Polymer Modified Binders 

Note 2: l½ inch thickness on resurfacing projects where the Wearing Course is the only asphalt 

pavement material being placed exclusive of Patching & Leveling and Scratch Courses. 
 

 

 

 

Recommended Lift Thickness for Superpave Asphalt Pavement 

Mix Type 

(mm) 

Minimum 

(inches) 

Maximum 

(inches) 

PreferredNote 1 

(inches) 

4.75 5/8 1.0 5/8 

9.5 1.5 2.0 1.5 

12.5 1.5 2.5 2.0 

19 2.25 3.5 2.5 

25 3.0 4.0 3.5 
Note 1: Minimum Thickness with Polymer Modified Binders 
MARSHALL MIX TYPE RECOMMENDATIONS 

A. Marshall Bottom  and  Intermediate  Courses  (Base Courses):  It is  recommended  

that in multi-lift pavements when Type 1 Base Course is used, an intermediate course (the 

top lift of base course) be a Type 2 to improve the smoothness of the finished pavement. 

This would eliminate the use of a Scratch Course prior to placing the surface course. 
 

Recommended Lift Thickness (inches) for Marshall Base Courses 
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Mix Type Minimum Maximum       Preferred 

2 2.0 3.0 2.0 

1 3.25 5.0 4.0 

 

B. Marshall Wearing Courses: The wearing course is a single lift constant thickness course 

to be placed over the entire pavement surface. 
 

Recommended Lift Thickness (inches) for Marshall Wearing Courses 

Mix Type Minimum Maximum        Preferred 

3 0.5 0.75 5/8 

1 1.0* 1.5* 1.0* 

4 2.0 2.0 2.0 

* l½ inch thickness on resurfacing projects where the Wearing Course is the only asphalt 

pavement material being placed exclusive of Patching & Leveling and Scratch Courses. 

 

PLAN REQUIREMENT 

Projects will show the 20-year projected design ESALs on both the general notes sheet and 

the typical section sheet(s) showing the pavement details. This includes new construction, 

reconstruction, AND resurfacing projects (including ALL bridge replacement projects regardless 

of the length of pavement placed). The design ESALs shall be shown for the mainline and all other 

affected roadways where more than 500 feet of pavement is being placed. 

The aggregate used in asphalt mixtures can be either primarily stone and gravel, or slag. 

The aggregate used is up to the contractor, and typically depends on what the contractor has readily 

available that also meets mix requirements. Mixes with the two aggregate types have different 

densities; as such, estimated weight quantities will be different for mixes with each aggregate type. 

Alternates for these two shall be listed in the plans, and the contractor will bid appropriately.  

The following is an example of how to list alternate asphalt pavement items in plans: 

BB1 401001-042 SUPERPAVE ASPHALT BASE CRSE, SG, TY 25, TN  

BB2 401001-043 SUPERPAVE ASPHALT BASE CRSE, S, TY 25, TN 

 

PLAN REQUIREMENTS WHEN USING MARSHALL MIX DESIGN 

In addition to the requirements listed above, projects using Marshall asphalt pavement, 

including District-designed projects, will designate the use of “Medium Marshall Mix Design” or 

“Heavy Marshall Mix Design” as well as the design ESALs on both the general notes sheet and 

the typical section sheet(s) showing the pavement details. The designer should note that the terms 

“Medium” and “Heavy” refer to Equivalent Single Axle Loads (ESALs), and not to the quality of 

the asphalt pavement. After determining the ESALs, the mix design type shall be determined from 

the following criteria. 

 

Medium Marshall Mix Design: This design is intended for use on local service roads or rural 

resurfacing projects with a 20-year projected design ESALs of less than 3,000,000. 

 

Heavy Marshall Mix Design: This design is intended for use on new construction projects and on 

projects with a 20-year projected design ESALs of equal to or greater than 3,000,000. 

 

QUANTITY ESTIMATING 

Asphalt Pavement: The quantity for asphalt pavement shall be estimated at 1.98 ton/cy for stone 
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and gravel mixes, 1.89 ton/cy for slag mixes and 2.10 ton/cy for steel slag mixes. 

 
Patching And Leveling: The quantity for Patching and Leveling Course shall be estimated by 
multiplying the nominal depth of the irregularity to be repaired plus 3/4 inch by the irregularity’s 

surface area. Then the conversion rates of 1.98 ton/cy for stone and gravel mixes, 1.89 ton/cy for 
slag mixes and 2.10 ton/cy for steel slag mixes will be utilized. 

 

Scratch Course: The quantity for Scratch Course shall be estimated at a thickness of one- half inch 

(0.028 ton/sy) for the entire area to be covered with Scratch Course. If the Specification allows, 

Scratch Course may alternatively be estimated by the square yard. Scratch Course shall not be used 

if there is Milling on the project, or if there are more than two lifts of asphalt being placed. 

 

Asphalt Material (Tack Coat): The quantity for Asphalt Material (Tack Coat) shall be estimated 

using the undiluted rates as indicated in Table 408.11 in the Specifications. No application rate 

will be shown on the typical sections. 

 

Smoothness: If a project meets the requirements of subSection 720.6 of the Specifications, 

smoothness testing shall be requested by the designer through the Request Form available at 

MCS&T’s Tool Box at https://transportation.wv.gov/highways/mcst/Pages/tbox.aspx. If the test 

results are available, the results shall be included in the PS&E submittal. If not available, then the 

request for testing shall be included in the PS&E submittal. If the results arrive before letting, then 

the results shall be included in an amendment. If too late for an amendment, then the results shall 

be provided to the District Construction Engineer. 

 

SPECIAL SITUATIONS 

General: The Specifications have been written to account for the majority of the situations that 

would occur during construction. However, there are always special situations that require the 

designers’ attention. 

Specification requirements shall only be altered after careful consideration and when, in 

the opinion of the designer, there is no practical way for the work to be performed in accordance 

with the Specifications and a project specific special provision shall be developed as outlined in 

DD-105. 

 

Compaction: The specification density requirement in the of the Specifications shall not be 

modified when asphalt pavement is placed at normal paving widths. It is possible that asphalt 

pavement will be placed in certain areas of the project where densities of this magnitude cannot be 

obtained. These areas usually have an irregular shape, which will not allow the proper use of 

compaction equipment. Listed below is a situation where the density specification may be modified 

by plan note and the plan note to be used. 
 

Situation Plan Note 

Concrete 
pavement 

repair Note3 

Compaction testing shall be in accordance with the Lot-by-Lot method and the 

rollerpass method shall not be used for acceptance testing for compaction. The 

eEngineer may reduce the target density requirement if the contractor has made 

every reasonable effort at obtaining the required density. 

Note3:  If the proper density is not obtained during placement, traffic will continue to compact the asphalt 
pavement in the pavement repair area, causing additional settlement. This will be very noticeable 

https://transportation.wv.gov/highways/mcst/Pages/tbox.aspx
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because the surrounding overlay will be placed on the existing concrete pavement, which is rigid and 
will not settle. 

 

When overlaying Portland Cement Concrete Pavement (PCCP) the concrete is sometimes 

in need of repair. Whether this is an initial overlay or a subsequent overlay, the designer shall 

examine the extent of the needed PCCP repairs and evaluate whether to repair with Patch and 

Level, to perform proper concrete pavement repairs, or to remove the PCCP through rubblization 

or another process prior to the asphalt overlay. The use of Patch and Level is restricted to those 

projects with a few shallow repairs when the cost of mobilization for concrete repairs is high. 

PCCP removal should be considered only when the existing pavement is extremely distressed. In 

addition to compaction, consideration shall be given to smoothness, temporary traffic control, and 

long term impacts to the traveling public.   
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 
 

 

A pavement design will be completed for all projects requiring pavement (excepting certain 

Resurfacing, Restoration, and Rehabilitation projects), in accordance with the Division of 

Highways’ Design Directive 641, Pavement Type Selection Guide. 

This Design Directive (DD) provides a means to standardize the process to design and 

evaluate pavement designs throughout all development units of the West Virginia Division of 

Highways (WVDOH). 

 
 

10. INTRODUCTION 

Pavement design is a combination of engineering and economic analyses, which provides 

data to assist in choosing a cost-effective pavement structure and thickness. The engineering 

analysis consists of a pavement structural design procedure with consideration of “other factors” 

which may influence the thickness of the pavement section. The 1993 AASHTO Guide for the 

Design of Pavement Structures and 1998 Supplemental allows for these "other factors", both 

principal and secondary, which will be considered along with the engineering and economic data 

to select the pavement section for the project.  The principal factors have a major influence on  the 

thickness of the pavement section. The secondary factors will be used to evaluate the designed 

thickness. 

This Guide outlines the process for pavement design for new or reconstructed pavement 

structures and rehabilitation projects. It provides guidance in the design approach for the cost 

comparison, the use of design parameters and discusses principal factors to be utilized in making 

a selection of a pavement type for design. This guide is provided in compliance with Title 23, Code 

of Federal Regulations Part 626. The following list provides other sources of information related 

to this DD: 

• West Virginia Division of Highways Pavement Design Manual, 1997 

• AASHTO Mechanistic-Empirical Pavement Design Guide, 2000 (and associated 

software) 

• Westergaard Equations (for design of concrete slabs) 

• Asphalt Pavement Alliance PerRoad software 

 

The designer may also use engineering judgment based on past performance of other 

pavements in the project area, provided the pavements are of the same type, the geotechnical data, 

traffic characteristics, etc. are similar. Coordination with the Pavement Management System 

Section in the Operations Division is essential to gather information on past performances of 

differing types of pavement and rehabilitations in the different geological regions of the State. 

DESIGN DIRECTIVE 646 

PAVEMENT DESIGN GUIDE 

Februrary 24, 2026 

Supersedes November 1, 2023 

RAFT 
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If the criteria listed below are true then consider an analysis period of 50 years or more 

along with the design of a “perpetual pavement” or a “long-life pavement”. Additionally, the 

Mechanistic-Empirical Pavement Design Guide (M-E PDG) software should be used to verify the 

results of the DARWin analysis when the following situations are true: 

• ESAL values are greater than 30,000,000 

• DARWin software indicates that an asphalt pavement is greater than 13 inches 

• When Plain Jointed Portland Cement Concrete Pavement (PCC) is 10 inches or 

thicker. 

 

NOTE: The M-E PDG is not yet approved by AASHTO; however, it may be used 

if the designer is both familiar with it and can obtain the required material property 

values. 
 

The PerRoad software from the Asphalt Pavement Alliance gives the thickness of an 

asphalt pavement known as a “Perpetual Pavement”, which is a pavement with a structural 

performance period greater than 50 years. Ride-ability overlays still must be considered with a 

perpetual pavement. These overlays are “mill and fill” overlays where the thickness milled out is 

replaced with an identical thickness of asphalt. PCC pavements with a structural performance 

period more than 50 years are known as “long-life pavements” and thicknesses are given by the 

Westergaard Equations. While the thicknesses are given by these equations, PCC pavements 

designed by this method must have full-depth, tied PCC shoulders for lateral support, as the 

equations assume that the edge of the PCC pavement has adequate lateral support so the slabs do 

not spread apart. These PCC pavements also require ride-ability rehabilitation techniques to be 

performed throughout the 50-year lifespan of the pavement. 

In general, a minimum 40-year analysis period shall be used unless the conditions for a 

“perpetual pavement” or “long-life pavement” are met. In this case, an analysis period of at least 

50 years will be considered. The conditions for the use of a 50-year analysis period are listed in 

paragraph four of “Section 10” of this DD. 

 
 

20. PAVEMENT DESIGNS 

Pavement designs shall be required for all pavement types with LCCA when more than one 

type of pavement is to be considered in the pavement type selection procedure. See DD-641, 

Pavement Type Selection Guide, for the criteria to be used for this determination. 

An LCCA is not required on projects where pavement replacement or reconstruction is less 

than 1,000 feet on a single roadway segment or less than 500 feet of each bridge approach roadway. 

In these cases, the pavement design process can be based on engineering judgment; however, 

pavement designs shall be required on all other project types, with the exception of rehabilitation 

projects. The project manager shall give due consideration to selected pavement segments, 

considering in-kind replacement, adjacent pavement type and condition, past pavement 

performances as described in “Section 10” above, and future improvements when exercising 

judgment during the design process. 

The asphalt overlay thickness for rehabilitation projects is to be based on historic practices 

utilized by the West Virginia Division of Highways, engineering judgment supported by a field 

review of the existing pavement and the past performance of asphalt overlays on similar projects, 

or if necessary a pavement design in accordance with this DD. 
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1. PRINCIPAL FACTORS 

“Principal factors” are those which can have a major influence on the design.  Some 

of these factors are included in the basic design procedures as they influence the 

structural requirements of the pavement design or sub-grade or  the embankment 

treatments. In such cases, they are assigned an economic value for comparative 

purposes. The following discussion documents Division policies and practices for 

principal factors not considered in basic design procedures. 

 

a. Traffic 

Shifts occur in the economic activity of manufacturing and service industries 

throughout the state. These activities should be considered as  factors affecting 

the proposed alternative and required method for construction of the selection. 

In urban areas or on roadways with heavy traffic, the need to minimize 

disruptions may be a major consideration. 

 

b. Soils Characteristics 

The design is to give full consideration to any unusual soils characteristics. 

Subsurface exploration is an essential part of the design process which includes 

investigation, sampling and testing, identification of materials types and the 

distribution of soils materials throughout the project. Based on past experience, 

the characteristics of the roadbed soils have been found to have a major 

influence on pavement performance. 

 

c. Recycling 
It is the Division's policy to promote recycling of existing roadway materials. 

The current edition of the West Virginia Division of Highways Standard 

Specifications, Roads and Bridges allows recycled materials to be incorporated 

in the pavement section. 

 
 

30. RESPONSIBILITIES AND SELECTION PROCEDURES 

The project manager will perform the design analysis utilizing appropriate software for all 

pavement alternates, when applicable. The analysis period shall be the same for each type of 

pavement with pavement rehabilitation strategies developed to give an equivalent performance. 

The project manager will document the “principal factors” as they relate or apply to the 

project. Weighing the factors and any related costs along with the costs of alternates from the 

LCCA, a pavement design and bidding method will be submitted to the Deputy State Highway 

EngineerChief Engineer of Development for approval. Refer to DD-647, Life-Cycle Cost Analysis 

for Pavement Design, for more information concerning LCCA. 

 
 

40. SAFETY 

All projects, whether new construction, reconstruction or rehabilitation, will have skid 

resistant properties suitable for the needs of traffic. Refer to DD-644, Asphalt Pavement, for related 

criteria. 
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50. GENERAL TYPES 

Consider the following types of pavement alternates: 

 

A. Rigid 

The pavement will be jointed Portland Cement Concrete (PCC) as required by the 

design parameters, current design policy, or as selected by use of DD-641, 

Pavement Type Selection Guide. Joint spacing shall be in accordance with details 

set forth in the current edition of the WVDOT/DOH Standard Details, Volume 1. 
 

B. Flexible 
Flexible pavement will be asphalt. Applications and asphalt mix types shall be in 

accordance with DD-644, Asphalt Pavement. 

 

C. Base Courses 

Base course(s) will be specified as per DD-643, Use of Aggregates and Filter Fabric. 

 

D. Shoulders 

Joint spacing on PCC shoulders shall match the spacing of the mainline  pavement. 

For both PCC and asphalt pavements, the paved shoulder thickness shall match the 

mainline pavement section for: 

• Urban arterials 

• Projects with an ADT of 6,000 and truck traffic of 15% or greater 

• Projects with an ADT greater than 15,000 

 
 

60. PERFORMANCE PERIOD - NEW PAVEMENTS 

Performance periods are a determined time during which condition and performance are 
measured and evaluated. The recommended performance period for Flexible Pavement is twenty 

(20) years and twenty-two (22) years for Rigid Pavement. Recommended values from Table 1 of 
this DD are to be used unless project-specific information is available and approved by the Deputy 

State Highway Engineer of Development. 

Performance periods for new pavements will be selected based on past design practices, 

experiences, and a review of pavement data. 

The WVDOH’s current historical data regarding the initial performance period  of original 

asphalt pavements indicates an average of 18 years to the first rehabilitation. This may be extended 

by as much as 4 years if one of the following is true: 

• The initially constructed asphalt pavement utilized a polymer binder in at least the top 4 
inches of the asphalt mix. 

• A rut-resistant base (such as a Superpave 19 mm, 25 mm, 37.5 mm mix,  or  a combination 

of these) was used to the elevation of the bottom of the surface course and the surface 

course utilized has a polymer binder. 

 

The WVDOH’s current historical data indicates an average initial performance period of 

22 years for original PCC pavements. 

 
 

70. PERFORMANCE PERIOD - REHABILITATION 

Rehabilitation projects are to be based on performance periods as  described  below. These 
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performance periods vary by rehabilitation techniques (asphalt overlays vs. Concrete Pavement 

Restoration (CPR)) as well as original pavement types (asphalt vs. PCC). 

Performance periods of subsequent asphalt overlays over asphalt pavements vary from 8 to 

12 years (based on WVDOH historic data), which may be extended by up to 4 years when a 

polymer binder is used in at least the top 4 inches of the final pavement thickness. 

Performance periods of subsequent rehabilitations over PCC pavements  range between 10 

and 14 years for Concrete Pavement Restoration techniques (based on national experience), and 6-

10 years for asphalt overlays (based on WVDOH historic data), which may be extended by up to 

4 years when a polymer binder is used for the entire thickness of the asphalt overlay mix. An 

additional four years should not be anticipated with minimal thickness polymer wearing course 

overlays. 

The designer is cautioned to investigate all available historical data regarding past 

pavement performance, including overlays, when determining pavement rehabilitation schemes 

for the LCCA of newly constructed pavements. This is also true when considering rehabilitation 

schemes for existing pavements. The Pavement Management Systems Section of Operations 

Division is to be consulted for guidance in this matter. 

 
 

780. TRAFFIC DATA 

Traffic factors for growth rates, equivalent single axle loads (ESAL), and directional 

distribution percentage are to be obtained from the Traffic Modeling and Analysis Unit of the 

Planning Division. 

 
 

890. ROADBED SWELLING AND FROST HEAVE 

Recommended values from Table 1 of this DD are to be used unless project-specific 

information is available and approved by the Deputy State Highway Engineer Chief Engineer of 
Development. 

 
 

9100. SERVICEABILITY 

Recommended values from Table 1 of this DD are to be used unless project-specific 

information is available and approved by the Deputy State Highway Engineer Chief Engineer of 
Development. 

 
 

1010. MATERIALS PROPERTIES 

Effective roadbed soil resilient modulus data are to be obtained from Materials Control, Soil and 

Testing Division. Soil samples are normally obtained during the design phase.; however, if a 

paving project is to be bid after the grading has been completed and enough time is available to 

perform in-place testing of the sub-grade, the Designer should request the Materials Control, Soils, 

and Testing Division to re-test the sub-grade prior to designing the final pavement section. 

Recommended values from Table 1 of this DD are to be used unless project-specific information is 

available and approved by the Deputy State Highway Engineer Chief Engineer of Development. 

The designer may choose to obtain the effect roadbed soil resilient modulus date themselves or 

utilize the information found in the 1993 AASHTO Pavement Design Guide. 
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1120. PAVEMENT STRUCTURAL CHARACTERISTICS 

Recommended values from Table 1 of this DD are to be used unless project-specific 

information is available and approved by the Deputy State Highway Engineer Chief Engineer of 

Development. 

 

1230. PAVEMENT THICKNESS 

The final pavement thickness will be based on the structural analysis. The minimum  layer 

thickness will be consistent with standard construction methods and/or material requirements. For 

all pavement types, the total design thickness shall be rounded up  to the nearest half-inch. Refer 

to DD-644, Asphalt Pavement, for information on pavement layer thickness criteria for asphalt 

pavements. 

 

130. REHABILITATION PROJECTS 

The Division recognizes that there are a variety of rehabilitation methods and strategies 

available to restore pavements. As all factors that influence pavement performance and life 

expectancy have not been quantified, the latest information and recommendations from the 

Pavement Management System Section of Operations Division should be considered in the 

selection type and process outlined herein. 

The asphalt overlay thickness for overlay types of rehabilitation projects is to be based on 

historic practices utilized by the West Virginia Division of Highways, engineering judgment 

supported by a field review of the existing pavement and the past performance of asphalt overlays 

on similar projects, or if necessary a pavement design in accordance with this DD. 

 

In situations where the use of an asphalt overlay as the rehabilitation method is 

questionable, the following process can be used to select the rehabilitation method best 

suited to the project: 

A. Project Evaluation 

The type of pavement rehabilitation to be considered begins with an evaluation of 

pavement distress, smoothness or ride-ability and consideration of general 

conditions within the proposed project area. For asphalt pavement, distress 

evaluations are based on the amount of rutting, longitudinal cracks, transverse 

cracks, alligator cracks, and smoothness. For concrete pavements,  the distress will 

be measured on the basis of the amount of faulting, longitudinal cracking, 

transverse cracking, pumping, joint deterioration and smoothness. This information 

will normally be available from pavement management inventories collected by the 

Pavement Management Section of Operations Division. Project conditions will be 

gathered based on a field review by the project manager. 
 

B. Project Analysis 
Upon completion of evaluations, alternative solutions will be considered for the 

project. The following alternates considered by the designer may vary with the type 

of pavement being overlaid, the amount of distress and smoothness values. The 

alternates will be analyzed as to their constructability, performance period, initial 

agency costs, and life cycle costs. The performance periods may be chosen by the 

designer from the ranges given below, considering project specific information. 

input from other Division and District personnel, and the Pavement Management 

Section of Operations Division will consider the vertical clearances, traffic control, 

and construction conflicts. 
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NOTE:   Full and partial depth patching are normally considered  maintenance  and 

occur prior to rehabilitation. Maintenance performed at a separate time and under a 

separate contract is not included in rehabilitation; however, full  and partial patching 

performed in conjunction with an overlay is included in the LCCA and the 

rehabilitation project. 

 

1. Original PCC Pavements 

a. All Phases of Rehabilitation 

 

i. Concrete Pavement Restoration Techniques 

A performance period of up to 14 years may be considered when 

Concrete Pavement Rehabilitation (CPR) techniques are selected. These 

techniques may be as follows: 

a) Joint and crack repair (full and partial depth) for spalling or 

faulting joints 
b) Diamond grinding for IRI improvement 

 

More information for the designer concerning joint repair and 

diamond grinding can be obtained at the Federal Highway 

Administration’s website at the following address: 

http://www.fhwa.dot.gov/pavement/guid.cfm. This page conveys links 

to technical guidance papers for all types of pavements, rehabilitation 

techniques and materials, among other pertinent information. 

If reconstruction is determined to be the preferred design after a 

thorough field evaluation of the existing pavement and consultation with 

the Pavement Management System Section, then the required initial 

performance period shall be as described in “Section 70” of this DD for 

the type of pavement selected. 

 

Superpave and Marshall Mix Designs 

If reconstruction is determined to be the preferred design after a 

thorough field evaluation of the existing pavement and consultation with 

the Pavement Management System Section, then the required initial 

performance period shall be as described in “Section 70” of this DD for 

the type of pavement selected. 

 

Concrete Overlays 

The service life of a concrete overlay is up to the designer and can 

range from 10-40 years and is designed to provide the selected extended 

performance. The overlay can be either bonded or  unbounded 

depending on the pavement condition and desired service life. More 

information for the designer can be obtained from the following web 

address: http://www.fhwa.dot.gov/pavement/concrete 

 

Asphalt Pavement on Rubblized PCC pavement 

Asphalt pavement on  rubblized PCC   pavements should be 

http://www.fhwa.dot.gov/pavement/guid.cfm
http://www.fhwa.dot.gov/pavement/concrete
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designed as new, full-depth pavements. It is critical to properly assess 

the conditions under the concrete slabs and the uniformity of the 

rubblized layer to ensure the desired performance of the asphalt 

pavement. Based on the subsurface exploration, specify the technique 

location, and dimensions of subgrade stabilization in the plans.  If 

required, proper subgrade stabilization will guarantee a constructible 

pavement, improve performance, and reduce expensive change orders. 

 

2. Original Asphalt Pavements 

a. All Phases of Rehabilitation 

 

i. Superpave and Marshall Mix Designs 

The asphalt overlay thickness for these types of rehabilitation 

projects is to be based on historic practices utilized by the West Virginia 

Division of Highways engineering judgment supported by a field review 

of the existing pavement and the past performance of asphalt overlays 

on similar projects, or if necessary a pavement design in accordance 

with this DD. 

An 8 to 12 year performance period is appropriate and may be 

extended up to 4 years if the top 4 inches of the final pavement thickness 

(after the overlay is applied) has a polymer binder in the asphalt mix(s), 

or a large stone rut-resistant base (such as a Superpave 19 mm, 25 mm, 

37.5 mm mix, or a combination of these) was used to the elevation where 

the surface course was applied. 

If reconstruction is determined to be the preferred design after a 

thorough field evaluation of the existing pavement and consultation with 

the Pavement Management System Section, then the required initial 

performance period shall be as described in “Section 70” of this DD for 

the type of pavement selected. 

 

ii. Whitetopping (Overlaying with Concrete Pavement) 

No “ultrathin” whitetopping will be permitted. Only unbonded 

whitetopping overlays with a 5-inch minimum thickness will be 

permitted. 

Whitetopping overlays may be designed for a 10 to 20-year service 

life. 

The following FHWA publication provides guidance and references 

for use of whitetopping on asphalt pavements: 

http://www.fhwa.dot.gov/pavement/concrete . 

 

C. Project Design 

The design strategy will be to bring the Present Serviceability Index up to near the 

initial value of 4.2. The design of overlays will be in accordance with methods 

previously outlined. 

 

D. Project Implementation 

Rehabilitation projects will be initiated on an annual program in accordance with 

pavement management data and the budget. 

http://www.fhwa.dot.gov/pavement/concrete
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Table 1 - Pavement Design Inputs 

Input Range of Input Recommended for West Virginia 

Design Variables 

Analysis Period (Years)  50 (See Note 1) 

 
Initial Performance Period (Years) 

 
0.1 to Analysis Period 

Flexible Pavement: 2018 (if polymer 

binder used add 4 years) 

Rigid Pavement: 22 

Traffic Variables 

 
Growth Rate/Year 

 
-9.99 to 99.99% 

Data from the Traffic Modeling and 

Analysis Unit of the Planning Division 

Type of Growth Rate Simple or Compound Compound 

Initial Yearly 18-kip ESAL's  

(Both Directions) 

 
Data from the Traffic Modeling and 

Analysis Unit of the Planning Division 

Directional Distribution Factor 1% - 100% 50%100% (See Note 2) 

 

 
Lane Distribution Factor 

 

 
1% - 100% 

Number of Lanes 

in Each Direction 

Percent in Design 

Lane 

1 

2 

3 

4 

100 

80-100 

60-80 

50-75 

Overall Standard Deviation 0.001 - 0.999 
Flexible Pavement: 0.45 

Rigid Pavement: 0.35 

 

Reliability 

 

50% - 99.99% 

<3000 ADT & Low Truck Traffic: 

85% 

3000 - 6000 ADT: 90% 

>6000 ADT: 95% 

In-Situ Variables 

Roadbed Swelling:   

 Vertical Rise 0.00 - 99.99" 0 

Probability 0 - 100% 0 

Rate Constant 0 - 0.30 0 

Frost Heave:   

 Serviceability Loss 0 - 5 0.5 

Probability 0 - 100% 100% (See Note 13) 

Rate per Day 0 - 50 mm 2.5 mm (See Note 13) 

Performance Criteria - Present Serviceability Index 

Initial 0 - 5.0 4.2 

Terminal 0.01 - 3.99 
<3000 ADT: 2.3 

>3000 ADT: 2.5 

<3000 ADT: 2.3 

Note 1: A minimum 40-year analysis period shall be used unless the conditions for a 50-year analysis period 

are met. These conditions are described in paragraph 4 of "Section 10" of this DD. 

Note 2: The Traffic Analysis Section of the Program Planning and Administration Division has applied the 

Directional Distribution Factor when the traffic data is submitted. 

Note 13: Use for frost-susceptible conditions. Other values are appropriate when conditions warrant. 
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Table 1 (Continued) 

Input Range of Input Recommended for West Virginia 

Material Properties 

Effective Roadbed Soil Resilient 

Modulus 
2700 – 7300 psi 

Data from Materials Control, Soils, 

and Testing Division 4500 psi 

Effective Modulus of Subgrade 

Reaction 

 
Calculated in DARWin software 

 

 
Pavement Layer Characteristics 

 HMA Elastic Modulus = 450,000 psi 

PCC = 4,200,000 psi 

Crushed Agg. Base Course = 

36,000 psi 

Free-Draining Base = 200,000 psi 

PCC Modulus of Rupture  660 psi 

 

 

 

 

 

 

 

Flexible Pavement Layer 

Coefficients 

Wearing Courses: 

w/ PMA  
(PG 64E-22) 

Superpave: 

4.75, 9.5, 
12.5mm  0.54 

(Note 3) 
Marshall: 

Type 1, 3, 4 
 

All mixes without PMA: 0.44 

(Note 5) 

               Base Courses: 

Superpave:19mm 
Marshall: Type 2 

0.44 
(Note 3) 

Superpave: 25mm 
Marshall: Type 1 

0.4 
(Note 3) 

 

 Crushed Agg. Base Course: 0.14 

Free-Draining Base: 0.30 

(See Note 24) 

Rubblized Concrete: 0.22 

Broken/Seated Concrete Pavement: 

Good Condition: 0.35 

Poor Condition: 0.14 

Pavement Structural Characteristics 

HMA Pavement:   

  Drainage 0.40 - 1.40 1.00 

Free-Draining Base 0.40 - 1.40 1.20 

Rigid Pavement:   

 Drainage 0.70 - 1.25 1.00 

Free-Draining Base 0.70 - 1.25 1.20 

Load Transfer with tied 

shoulders 
2.30 - 2.90 2.60 

Load Transfer without 

Tied Shoulder 
2.9 - 3.2 3.20 

Loss of Support 0.00 - 3.00 0.00 

Base Course Thickness 

Crushed Agg. Base Course 4 - 12 in 6.0" 

Free-Draining Base Course 4 - 8 in 4.0" 

Note 24: 2% Asphalt content or Type I cement with a minimum of 150 pounds per cubic yard. 
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Note 35: The designer may choose to evaluate the pavement condition and utilize layer coefficients found in the 

1993 AASHTO Pavement Design Guide. 
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 

 

 

This Design Directive (DD) gives guidance for the Division of Highways’ (DOH) policy on 

Life-Cycle Cost Analysis (LCCA) for pavements. 

This DD provides a means to standardize the process required to analyze and report the 

pavement design Life-Cycle Costs throughout all development units of the DOH. The general 

procedure for performing the LCCA is detailed herein. References for more in-depth LCCA 

analyses are also given. 

 

 

10. General 

The purpose of an LCCA for a particular pavement design within a defined pavement 

segment is to evaluate the overall long-term economic efficiencies of competing design alternates. 

Initial (construction) and discounted future (future rehabilitations, user, etc.) costs over the 

projected life of the pavement are added together to obtain a Net Present Value (NPV) for each 

pavement type selected. This process improves decisions concerning the utilization of limited 

funding for pavement in a construction project within a pavement segment. 

 

 

20. Life-Cycle Cost Analysis (LCCA) 

The WVDOH generally follows the LCCA methodology recommended in the FHWA 

Pavement Division’s interim technical bulletin Life-Cycle Cost Analysis in Pavement Design — in 

Search of Better Investment Decisions, 1998. The publication number for this document is FHWA 

SA-98-079 and is available electronically at https://www.fhwa.dot.gov/pavement/lcca/lccafact/  

isddc.dot.gov/OLPFiles/FHWA/013017.pdf . It contains standard procedures for estimating and 

comparing the long-term costs of asphalt and Plain Jointed Portland Cement Concrete (PCC) 

pavements over an analysis period under specified traffic and environmental conditions. The 

WVDOH uses an analysis period of at least 540 years for both the asphalt and PCC pavements. See 

DD-641, Pavement Type Selection Guide, for more information regarding pavement type selection 

parameters, and DD-646, Pavement Design Guide, for information concerning the design of the 

pavement structure itself. 

The WVDOH generally follows the FHWA’s recommendations for LCCA input data 

unless local data is available. Local input data includes, but is not limited to, traffic 

characterization, duration of construction, and construction costs. It is important to note that only 

differential costs are considered between alternates in the LCCA. 

The Life Cycle Cost Analysis, if required per DD-641, will be performed on each pavement 

segment upon receipt of necessary soils data, existing pavement cores, and traffic data. 

The base bid quantities for grading will be for the thicker pavement section. The designer 

may allow a lower profile grade but hold the cross-section to avoid additional earthwork. The 

profile grade can be lowered by using a straight horizontal taper rate of 0.25%. This will occur at, 

 

 

February 24, 2026 

Supersedes September 6, 2023 
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but not be limited to, the ends of structures and at tie-ins to existing pavements. If the designer 

does not allow a lower profile grade, bid items for adjusting the grade must be added to the contract 

and included in the LCCA for that particular alternate; however, the contractor will not be 

permitted to raise the profile grade above that shown for the thickest pavement alternate. Costs 

common to each pavement alternate such as mobilization, signing/pavement marking, grading, 

drainage, rights-of-way, utility relocation, etc. are not included. 

User delay costs are another important element in LCCA. Estimation of user delay costs 

follows the procedures in Life-Cycle Cost Analysis in Pavement Design — In Search of Better 

Investment Decisions, 1998. The user delay costs considered are the differential costs between 

competing alternates such as work zone costs including duration, setting traffic control, resetting 

traffic control for construction phasing, etc. User delay costs can differ by pavement type. The 

designer must carefully examine all facets of the planned work to accurately estimate user delay 

costs. Routine maintenance is not included in this analysis. 

User costs are further divided into the working day and non-working day daily user costs. 

In most cases, the travel capacity of a construction zone on a working day is less than the capacity 

on a non-working day. For the purposes of this Directive, a non-working day is any day throughout 

the course of construction that traffic is not impeded in any way by lane/shoulder closures. User 

costs associated with non-working days are excluded from the analysis. 

If the LCCA is performed on an entire pavement segment and the segment is not being 

fully constructed in one contract, then the result of the analysis will be pro-rated using the contract 

length divided by the entire pavement segment length. See DD-648, Alternate Design Alternate 

Bidding of Pavements, for more information on this matter. 

 

 

30 Alternate Design Alternate Bid (ADAB) 

The ADAB bid process is described in greater detail in DD-648. 

 

 

40 Steps in LCCA 

A standard procedure has been developed to perform the LCCA analysis. The project 

manager is responsible for the LCCA, using software that is specifically designed for use with 

Life-Cycle Cost Analysis in Pavement Design — In Search of Better Investment Decisions, 1998. 

The following steps are to be followed: 

 

40.1 Project Selection 

Criteria to be used for evaluating projects for inclusion in the LCCA process are 

described in DD-641. 

 

40.2 Alternative Pavement Design Strategies 

See DD-646 for selection of alternate design strategies and for information on the 

pavement design and rehabilitation process itself. The analysis period shall be at least 540 

years. 

The designer will develop reasonable design strategies for each alternative based 

on past pavement performance; that is, an initial pavement structure followed by a series 

of rehabilitations to cover the 
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analysis period. The analysis period will be the same for each 

alternative considered. 

 

40.3 Performance Period 

Performance periods for new pavements will be selected based on past design 

practices, and a review of pavement data. WVDOH’s current historical data regarding the 

initial performance period of original asphalt pavements indicates an average of twenty (20) 

years to the first rehabilitation. WVDOH’s current historical data indicates an average initial 

performance period of twenty-two (22) years for original PCC pavements.  

Rehabilitation projects are to be based on performance periods as described below. 

These performance periods vary by rehabilitation techniques (asphalt overlays vs. concrete 

pavement restoration (CPR)). Performance periods of subsequent asphalt overlays over 

asphalt pavement vary from eight (8) to twelve (12) years based on historical data. 

Performance periods of subsequent rehabilitations over PCC pavements range between ten 

(10) and fourteen (14) years  for concrete pavement restoration techniques (based on national 

experience), and six (6) to ten (10) years for asphalt overlays (based on WVDOH historic 

data).  

The designer is cautioned to investigate all available historical data regarding past 

pavement performance, including overlays, when determining pavement rehabilitation 

schemes for the LCCA of newly constructed pavements. This is also true when considering 

rehabilitations schemes for existing pavements. The Pavement Management Systems 

Sections of Operations Division is to be consulted for guidance in this matter.  

 

40.340.4 Estimate Agency Cost 

Initial agency costs of the pavement section are the construction costs incurred by 

the WVDOH. These are official estimates prepared by the Division’s designer or project 

manager. See the latest issue of DD-707, Development of Engineer’s Estimate, for more 

information regarding the development of the official cost estimate. 

Future agency costs are the costs incurred by the WVDOH to overlay, rehabilitate, 

or reconstruct the roadway in the 40 fifty (50) year (or longer) analysis period specified. All 

of these future costs must be considered in the LCCA for each pavement type considered 

for use. 

 
40.440.5 Estimate User Costs 

User costs are estimated according to the recommendations made in Life-Cycle Cost 

Analysis in Pavement Design — In Search of Better Investment Decisions, 1998. As stated 

above, only work zone user costs are estimated in the LCCA process. Estimation of user 

costs requires three steps: calculate the appropriate daily user costs, determine the duration 

of the construction activities and apply the daily user costs to the expected duration of the 

construction. 

Data used for computation of LCCA user delay costs will be obtained from the 

Traffic Engineering Division and the Planning Division. The designer will be responsible 

for compiling all the required information from these sources and running the 

aforementioned program. 

 

40.540.6 Compute Net Present Value (NPV) 

In the broadest sense, LCCA is a form of economic analysis used to evaluate the 

long-term economic efficiency between investment options; therefore, the NPV of cash 



DD-647 

4 of 4 

 

 

flow is calculated. 

Economic analysis focuses on the relationships between costs, timings of costs, and 

discount rates employed. Once all costs and their timings have been developed, future costs 

must be discounted to the year of initial construction (the “base year”) and added to the 

initial cost (the construction estimate cost) to determine the NPV for each LCCA alternate. 

Again, more information on the calculation and use of NPV is available in Life-Cycle Cost 

Analysis in Pavement Design, 1998. The designer is encouraged to consult this publication. 

Software designed from this publication will be used to determine the NPV of all cash 

flows. 

Once completed, all LCCA’s should be subjected to a sensitivity analysis. 

Sensitivity analysis is a technique used to determine the influence of major LCCA inputs, 

assumptions, projections, and estimates on the various LCCA results. In a sensitivity 

analysis, major input values are varied over a reasonable range of values, while all of the 

other variables remain constant. The input variables may then be ranked according to their 

effect on the results. This allows the designer to subjectively get a feel for the impact of the 

variability of individual inputs on overall LCCA results. 

Sensitivity analyses, at a minimum, evaluate the influence of the discount rate on 

LCCA results. The discount rate accounts for the time value of money. It takes into account 

fluctuations in the inflation and interest rates to show the actual rate of increase in the value 

of money over time. Using the discount rate allows the designer to use today’s dollars in 

the LCCA. The higher the discount rate, the lower the present value of future cash flows. 

The discount rate to be utilized in all LCCA’s will be the  average of the five (5) most 

recent latest effective 30-year value of real treasury interest rates or treasury notes and 

bonds of specified maturities as given in the United States’ Office of Management and 

Budget’s Circular A-94, Appendix C. Averaging five (5) interest rates reduces the impacts 

of short-term volatility and creates a more stable, reliable valuation. A table summarizing 

the past history of and giving the latest years’ rate can be found on the current United States 

Office of Management and Budget website.is available at 

http://www.whitehouse.gov/omb/circu1ars/a094/dischist.pdf. 

If the designer finds that any LCCA is sensitive to a particular input, then the 

designer is to perform LCCA’s utilizing a reasonable range of that input, and submit these 

results to the Deputy State Highway Engineer Chief Engineer of Development in the 

package required by DD-641. 

 

 
50. Comments 

As projects utilizing LCCA are let to construction, their associated unit bid prices will be 

monitored to determine any trends in costs. Also, salvage values will not be considered in the 

LCCA’s. 

http://www.whitehouse.gov/omb/circu1ars/a094/dischist.pdf
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION  

DIVISION OF HIGHWAYS 
 

 

This Design Directive (DD) gives guidance on the West Virginia Division of Highways’ 

(WVDOH) policy on alternate design and alternate bidding (ADAB) of pavements. 

Use of this DD provides a means to standardize the process required to utilize ADAB for 

pavements throughout all development units of the DOH; however, this DD does not detail the 

procedure for designing pavements and performing life-cycle cost analyses (LCCA), but 

references to publications written in detail concerning these subjects are given for the designer’s 

use. 

 
 

10. General 

The objective of the ADAB process is to promote more cost-effective usage of highway 

construction funds. This is achieved by allowing contractors to select the pavement type 

constructed through the bidding process; consequently, increasing competition as well as making 

that competition more equitable. The Federal Highway Administration’s  (FHWA) Technical 

Advisory: “Use of Alternate Bidding for Pavement Type Selection, T 5040.39 December 20, 2012 

can be accessed at: https://www.fhwa.dot.gov/pavement/t504039.cfm.Memorandum: 

Clarification of FHWA Policy for Bidding Alternate Pavement Type on the National Highway 

System, November 13, 2008, can be accessed at: http://www.fhwa.dot.gov/pavement/081 I 13.cfm. 

The ADAB process requires the WVDOH to consider future roadway rehabilitation, traffic 

control associated with that rehabilitation, and user delay costs. The process utilizes traditional life-

cycle cost analysis (LCCA) concepts to model the cost of pavement section alternatives over a 

selected performance period. The selection process is then accomplished through an ADAB 

procedure, which essentially allows the bidder with the lowest life-cycle costs (LCC) to determine 

which pavement type will be constructed. See DD-647, Life-Cycle Cost Analysis of Pavements, for 

more information concerning LCCA. 

To accomplish the ADAB process, the “A + B + C” bidding method is utilized for all  bids 

submitted. Factor “A” is the contractor’s bid, factor “B” is the time in days to construct the initial 

pavement, and factor “C” is the net present value (NPV) of all future rehabilitation costs, plus the 

NPV of present and future user costs for the pavement’s analysis period. The lowest bidder is 

identified by adding “A + C”. 

The time factor “B” is not normally added to the contractor’s bid. This factor  may be used 

on projects that consist of total pavement reconstruction in order to capture the user costs 

associated with the initial construction. This time factor is usually zero (0) because most projects 

are on new alignments, and traffic is not impeded during the initial construction of a project. 

If a particular project is not approved by the Deputy State Highway Engineer Chief 

Engineer of Development or the FHWA’s Special Experimental Projects No. 14 — Alternative 

Contracting  (SEP-14)  for  the  ADAB process, then the designer is to consider the following to 

recommend a pavement type only for approval: 

DESIGN DIRECTIVE 648 

ALTERNATE DESIGN AND ALTERNATE BIDDING OF PAVEMENTS 

February 24, 2026 

Supersedes September 6, 2023 
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• The LCCA 

• Secondary factors as described in DD-641, Pavement Type 

Selection Guide, Section 40 

• Sound engineering judgment 

 

If the ADAB process is approved on any particular project, the designer may be required 

to submit a request to the FHWA headquarters, through the local office, to approve the use of 

ADAB on a project-by-project basis under the FHWA’s SEP-14. 

The following FHWA website contains additional information concerning SEP-14 

submittals: www.fhwa.dot.gov/programadmin/contracts/sep_a.cfm  

 
 

20. Criteria for Selection of Projects for the ADAB Procedure 

Section 30 of DD-641 describes the criteria to be followed for selection of projects that 

will use the ADAB procedure for bidding of alternate pavement types. 

 
 

30. Alternate Design and Alternate Bid (ADAB) 

The ADAB bid model is accomplished by adding a factor “C” to each contractor’s base bid 

factor “A”. Factor “C” represents future rehabilitation and user delay costs for a particular 

pavement alternate. The implementation of ADAB, in general, may result in comparing multiple 

competing pavement structures with differing total thicknesses between the top of the sub-grade 

and the final pavement surface. A threshold of 20 percent in the difference of the NPV of the LCCA 

is a reasonable zone within which pavement types can compete. 

In a contract in which the pavement is bid by the ADAB procedure, both the asphalt 

and the Jointed plain concrete pavements shall be bid  as a pavement  system in square yards 

(sy). The pavement system is the entire pavement section, including fine grading, sub-grade, 

base and pavements. This approach allows an equal bidding process. 

Note: The contract documents will include price adjustment factors for fuel, asphalt, and 

cement. 

 
 

40. Steps in ADAB 

A standard procedure has been developed to perform the ADAB analysis. This procedure 

has the following steps. 
 

40.1 Project Selection 

Criteria to be used for evaluating projects for inclusion in the ADAB process are 
described in DD-641, as mentioned in “Section 20” above. 

 

40.2 Alternative Pavement Design Strategies 

Refer to DD-641 for selection of alternate design strategies for the chosen  analysis 

period, and DD-646, Pavement Design Guide for information regarding the pavement 

design process. 

http://www.fhwa.dot.gov/programadmin/contracts/sep_a.cfm
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40.3 Estimate Agency Costs 

Initial agency costs are the construction costs incurred by the WVDOH. These are 

official estimates prepared by the Division’s designer or project manager. See the latest 

issue of DD-707, Development of Engineer’s Estimate, for more information regarding the 

development of the official cost estimate. 

Future agency costs are the costs incurred by the WVDOH to  overlay, rehabilitate, 

or reconstruct the roadway in the 40 fifty (50) year (or longer) analysis period specified. 

All of these future costs must be considered in the LCCA for each pavement type 

considered for use. 

 

40.4 Estimate User Delay Costs 

See DD-647 for more information concerning computation of user delay costs. 
 

40.5 Compute Net Present Value (NPV) 
Refer to DD-647 for more information concerning computation of the NPV for each 

pavement alternate considered. 
 

40.6 Analyze Results And Calculate Life-Cycle Cost Adjustment Factor 

“C” 

After the total NPV for each alternate is computed, the results are then compared. 

If the difference in the total NPV between the lowest two alternates is greater than twenty 

(20) percent, the alternate with the lower total NPV only is selected for bidding. The 

designer shall eliminate any pavement alternate that is considered, in the designer’s 

judgment, to be impracticable for the project. Otherwise, alternate pavement designs will 

be included in the bidding documents and a life-cycle cost adjustment factor “C” will be 

included in the schedule of prices for each alternate. 

The life-cycle cost adjustment factor, “C”, is calculated as C = total NPV of the 

LCCA — construction cost. As part of the ADAB process, this “C” factor will be added to 

the contractors’ bid. The lowest bidder identified by adding the “C” factor to the 

contractors’ base bid “A” factor; thus, the lowest total is then selected. 

If the LCCA is performed on an entire pavement segment and the segment is not 

being fully constructed in one contract, then the “C” factor will be pro-rated using the 

project length divided by the entire pavement segment length. 

If the “C” factors are essentially equal (1% or less of the lowest cost initial pavement 

section) for all of the paving alternates considered, then “C” factors  do not need to be 

added to the contractor’s bids in order to determine the low bid. 

Refer to “Section 30” of this DD for information on the handling of multiple 

pavement types in both the LCCA and bidding processes. 

 
 

50. Comments 

As Projects utilizing LCCA are let to construction, their associated unit bid prices are 

monitored to determine any trends in costs. Also, salvage values are not to be considered in the 

LCCA’s. 
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SUBJECT: ANIMAL WARNING SIGNS 

 

 

The purpose of this Directive is to establish criteria for the installation of appropriate animal 

warning signs in accordance with the MUTCD.  

Warning sign assemblies may be installed when Division of Highways records indicate that 

one of the following conditions are satisfied: 

1. For any one (1) year there should be at least seven (7) deer involved crashes within a 

three (3)-mile section of roadway 

2. For any one (1) year there should be at least two (2) bear involved crashes per mile. 

3. For any one (1) year there should be at least eight (8) total large animal involved 

crashes within a three (3)-mile section of roadway. Deer and bear crashes may be 

counted towards meeting these criteria.  

4. For any one (1) year there should be at least two (2) elk involved crashes per mile. 

5. The use of other signs depicting other animal types is allowed, but must be approved 

by Traffic Engineering Division on a case by case basis. 

The specific sign used should be the most appropriate animal type as determined by records. 

All animal warning sign assemblies shall also include a mileage plaque (W7-3aP) specifying 

NEXT 1/4, 1/2, 1, 2 or 3 miles. If a continuous animal crossing area extends beyond three (3) 

miles, additional sign assemblies should be installed every three (3) miles.  

 

 

 

 

 Ted Whitmore, Director 

 Traffic Engineering Division 
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NEW BUSINESS ITEMS 
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WEST VIRGINIA DEPARTMENT OF TRANSPORTATION 

DIVISION OF HIGHWAYS 
 

 

This Design Directive defines the West Virginia Department of Transportation, Division 

of Highways’ policy concerning curbs and sidewalks, and further compliance with the Americans 

with Disabilities Act of 1990 (ADA) and the U.S. Department of Justice (DOJ) 2010 ADA 

Standards 36 CFR Part 1190 – Accessibility Guidelines for Pedestrian Facilities in the Public 

Right-of-Way Final Rule. Other references will be given to assist the Designer/Project Manager 

during the assessment of a project for ADA requirements, as well as details and criteria that are to 

be used when ADA requirements must be met. 

Attached to and made a part of this Design Directive is an ADA Exceptions Justification 

Form. See Section 50 60 of this DD for more information. 

The policies described herein will apply to all projects, whether designed at the District 

level, in the Central Office, or the Special Projects Section. 

 

 

10. General 

In compliance with the Americans with Disabilities Act of 1990 and the U.S. Department 

of Justice 2010 ADA Standards for Accessible Design 36 CFR Part 1190 – Accessibility 

Guidelines for Pedestrian Facilities in the Public Right-of-Way Final Rule, curb ramps as per DOH 

Standard Details shall be provided at all existing marked and unmarked crosswalks for which the 

Division of Highways has responsibility. Existing ADA features that are within the limits and 

scope of work of the project are to be checked for conformity with the DOJ 2010 ADA Standards 

for Accessible Design 36 CFR Part 1190 – Accessibility Guidelines for Pedestrian Facilities in the 

Public Right-of-Way Final Rule and are to be reconstructed if they do not comply. All curb ramps 

are to have Detectable Warnings installed. In addition, the existing condition of a sidewalk will 

not affect the decision of whether to add a curb ramp or not. 

The following information is to be used to determine, for ADA applicability purposes, 

whether a project is considered a “Maintenance Project” under which curb ramps are NOT required 

to be incorporated into the project, or an “Alteration Project” under which curb ramps MUST be 

incorporated into the project. See the following web page for a more precise definition of some of 

the terms in the lists below: https://highways.dot.gov/civil-rights/programs/ada/glossary-terms-

dojfhwa-joint-technical-assistance-ada-title-ii   

www.fhwa.dot.gov/civilrights/programs/doj_fhwa_ta_glossary.cfm 

A. Roadway Maintenance 

1. Crack filling and sealing 

2. Surface sealing 

3. Chip, Slurry, and Fog seals 

4. Scrub sealing 

5. Joint crack seals 

6. Joint repairs 

7. Dowel bar retrofit 

DESIGN DIRECTIVE 811 
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8. Spot high-friction treatment 

9. Diamond grinding 

10. Pavement patching 

11. Shoulder repairs 

12. Pipe and inlet repairs 

13. Pulling and restoration of ditches 

14. Guardrail repair and installation 

15. Re-striping 

 

B. Roadway Alteration 

1. Open-graded surface course 

2. Cape seals 

3. Mill and fill / Mill and overlay 

4. Hot in-place recycling 

5. Micro Surfacing / Thin-lift overlay 

6. Addition of new layer of asphalt 

7. Asphalt and concrete rehabilitation and reconstruction 

8. New construction 

9. Widening of the existing pavement typical section 

10. Addition of turning lanes 

11. Pavement rubblizing 

12. Installation of new drainage structures to improve existing drainage 

characteristics 

 

C. Bridge Maintenance 

1. All painting of bridge members 

2. Scour Countermeasure Activities 

3. Expansion Joint Repairs and Replacement 

4. Concrete Crack Repairs 

5. Refurbishing or restoration of existing bridge bearings 

6. Deck drainage system repairs 

7. Seismic retrofit activities that do not include replacement of bearings or 

structural members 

 

D. Bridge Alteration 

1. Bridge deck overlay projects 

2. Repairs to structural members for the purpose of restoring or enhancing 

structural capacity 

3. Strength repairs to substructure elements 

4. Bearing replacement 

5. Bridge deck replacement 

6. Superstructure replacement 

Alteration projects administered by a municipality on WVDOH R/W, such as a streetscape, 

involve funds expended on a public right of way. The alteration requires the municipality and the 

WVDOH to meet full compliance with all federal laws and regulations during the development of 

plans and construction. As part of the development of plans for construction, where full design 

criteria for pedestrian access is not feasible, the designer (the municipality or their consultant) shall 
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prepare an ADA Exception Justification Form, included in this DD, and submit with the plans for 

review and approval to the WVDOH. All exceptions approved by the Division shall be filed as 

required for all projects.  

 

 

20. Existing Sidewalks 

Projects considered an alteration by the Department of Justice (DOJ) as described in Section 

10 of this DD will require all curb ramps within the project limits to meet the requirements of the 

Americans with Disabilities Act (ADA). This will also require installing curbs ramps where 

presently a curb ramp does not exist to make the sidewalk ADA accessible. Detectable warning 

systems will be required on all existing curb ramps that otherwise meet the ADA criteria. Existing 

sidewalks shall be evaluated for ADA Compliance using the DOJ 2010 ADA Standards for 

Accessible Design 36 CFR Part 1190 – Accessibility Guidelines for Pedestrian Facilities in the 

Public Right-of-Way Final Rule. These Standards are available at: https://www.access-

board.gov/prowag/ www.ada.gov/regs2010/2010ADAStandards/2010ADAstandards.htm. The 

2010 ADA Standards for Accessible Design consists of the U.S. DOJ TITLE 28 CFR Parts 35.151 

from the Code of Federal Regulation combined with the 2004 ADA Accessibility Guidelines. 

Within the project limits the evaluation of the sidewalks and any curb ramps which may 

exist within a project’s limits is to be a field evaluation. An evaluation from remote sources such 

as Google Earth or the Division’s pavement video records is not sufficient. 

For sidewalks located outside of a municipality, the District/Division shall evaluate and 

fully document the entire sidewalk within the project limits for ADA Compliance. A cost estimate 

for the renovation and a copy of the ADA evaluation shall be forwarded for review to the 

District/Division ADA Coordinator. During project development, the District/Division shall 

consider incorporating side walk renovations into the project. If there is significant scope creep, 

the District/Division may request, through the District ADA Coordinator, that sidewalk 
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renovations not be incorporated into the project, and be included in the WVDOH ADA 

TransitionPlan. The ADA Coordinator shall obtain approval for this request from the Deputy 

Commissioner of Highways. Regardless of when the sidewalks are renovated, Curb ramp work to 

make the sidewalk ADA compliant must be incorporated into the alteration project, or completed 

prior to the alteration project. 

For Sidewalks located on the WVDOH Right of Way within a municipality where the 

municipality is responsible for the sidewalk maintenance, the District/Division ADA Coordinator 

shall contact the municipality to inform them that the existing sidewalks need to be evaluated for 

ADA Compliance. Non-compliant sidewalks should be added to municipality’s ADA Transition 

Plan. Regardless of sidewalk maintenance responsibility, curb ramp work must be incorporated 

into the project. 

 

 

30. Curb Ramps on Resurfacing Projects in Urbanized Areas with Sidewalks 

Alteration projects must include curb ramp installation if none previously existed where 

there is a pedestrian walkway with a prepared surface for pedestrian use within the scope of the 

project. Where a non-compliant curb exists within the pedestrian walkway, upgrading of the curb 

ramp to meet the Proposed Accessibility Guidelines for Pedestrian Facilities in the public Right-

of-Way (PROWAG), dated July 26, 2011, 36 CFR Part 1190 – Accessibility Guidelines for 

Pedestrian Facilities in the Public Right-of-Way Final Rule is required. 

When performing roadway activities at intersections and adjoining streets, the limits of 

resurfacing is to be the curb or gutter line of the street being altered. 

The WVDOH recommends not paving to the end of the radius return on side street or alleys 

where crosswalks are in disrepair. and impacting the existing curb ramps of the adjoining street. If 

flaring of the resurfacing project into an adjoining street is necessary, If flaring of the resurfacing 

project into an adjoining street is deemed necessary, curb ramps that are compliant shall remain 

compliant after the resurfacing and curb ramps that are not compliant shall be assessed for ADA 

compliance and addressed within the scope of the project. 

Curb ramps are to be assessed for compliance with PROWAG, dated July 26, 2011 36 CFR 

Part 1190 – Accessibility Guidelines for Pedestrian Facilities in the Public Right-of-Way Final 

Rule, or constructed on resurfacing projects when: 

A. Limits of the resurfacing project encroach into the boundary of the curb ramp detail; 

B. Pedestrians may reasonably conclude that they would cross the resurfacing project 

from one curb ramp to another, even if the curb ramp is outside the limits of 

resurfacing; 

C. Construction activities expand beyond the original limits and encroach into the curb 

ramp area; and 

D. Curb ramps aren’t present in sidewalks at signals, stop signs or yield signs (they 

must be constructed with the resurfacing project on each side of the pedestrian 

access route). 

Additionally, when existing Type II (diagonal) curb ramps meet any of the above 

conditions, they must be assessed to determine if two separate ramps can be provided at the corner. 

 

 

40.   New Sidewalks and Replacement of Existing Sidewalks 

The Proposed Accessibility Guidelines for Pedestrian Facilities in the Public Right of Way 

(PROWAG), dated July 26, 201136 CFR Part 1190 – Accessibility Guidelines for Pedestrian 
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Facilities in the Public Right-of-Way Final Rule, should be considered as minimum criteria for the 

design of any new sidewalk or the replacement of an existing sidewalk. The complete PROWAG 

document is available at the following web address: https://www.access-board.gov/prowag/ Certain 

sections will be referenced for the designer in Section 40 of this DD. Currently, PROWAG is still 

in the rule making process and the 2010 ADA Standards for Accessible Design is being enforced 

by the Department of Justice. Therefore, new sidewalks shall also be checked for compliance with 

the 2010 ADA Standards for Accessible Design. If sidewalks do not meet the requirements of the 

2010ADA Standards for Accessible Design36 36 CFR Part 1190 – Accessibility Guidelines for 

Pedestrian Facilities in the Public Right-of-Way Final Rule an ADA Exception Justification Report 

(attached found in section 60) shall be submitted to the District/Division ADA Coordinator for 

review and concurrence 

 

50. Technical Guidance and References  

2010 ADA Standards (Existing Sidewalks) 

The 2010 ADA Standards are to be used to evaluate existing sidewalks for ADA 

compliance. If the existing sidewalk is to be replaced, The Proposed Accessibility Guidelines for 

Pedestrian Facilities in the Public Right of Way dated July 26, 2011 36 CFR Part 1190 – 

Accessibility Guidelines for Pedestrian Facilities in the Public Right-of-Way Final Rule shall be 

used in the design of the new sidewalk. 

A technical assistance “tool kit” which includes checklists and information on conducting 

assessments of existing facilities is available for use by Designers at the following web address: 

http://www.ada.gov/pcatoolkit/toolkitmain.htm. Chapter 6 of this resource provides the technical 

assistance, and Appendices 1 and 2 provide instructions and a survey form to use to analyze 

existing sidewalks. The WVDOH PVT-7 Revised Standard Detail for Sidewalk Ramps and 

Specification Section 609 Sidewalks is available and shall be used by Designers in WVDOH 

projects. The Above-mentioned publications include the following items (this listing is NOT all-

inclusive)   

In short, the above-mentioned checklist includes the following items (this listing is NOT 

all-inclusive). 

A. Sidewalks shall be at least 3 4 ft. wide. 5 ft. wide in WVDOH projects. 

B. The cross slope shall not exceed 2% 2.1%. 

C. When sidewalks are less than 5 ft. in width, passing spaces with a minimum clear 

space of 5 ft. x 5 ft. shall be provided at intervals not to exceed 200'. Driveways, 

building entrances, and public sidewalk intersections may be used for passing 

spaces. 

D. Where an obstacle (example: utility pole or fire hydrant) is considered immovable, 

a minimum 32” of sidewalk width (excluding curb width from measurement) must 

be provided for the pedestrian. Reduction of sidewalk width from 36” (3’) 48” due 

to an obstacle requires an ADA Exception Justification Report design exception. 

When developing sidewalk widths, the Roadside Design Guide (RDG) 

requirements of clear zone (RDG Section 3.1) and minimum lateral offset behind 

the curb (RDG Section 3.4.1) must also be considered. 

E. Curb ramps shall not exceed a running slope of 1:12 or 8.33% (maximum 1:10 is 

permitted at existing sites where it is not feasible to provide the 1:12 requirement 

due to space limitations and the rise is less than 6 inches). 

F. A level landing should be provided at the top of a perpendicular curb ramp. 

G. The transition from curb ramp to gutter should shall be flush; lips are not permitted. 

H. The foot of a curb ramp should be contained within the crosswalk markings. 
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I. Gratings such as tree well covers, valve boxes with vent holes, manhole covers, etc. 

in the path of travel may not have an opening with a dimension of greater than ½” 

in any direction. Drainage inlets or any other item with openings greater than ½” in 

any dimension shall be located out of the path of travel. 

J. Drainage is to be provided upstream of the foot of the ramp to ensure flow depth is 

at a minimum. 

K. Positive drainage on the curb ramp surface and abutting roadway shall be 

maintained.  No ponding. 

L. The surface of the curb ramp shall be firm, stable, slip resistant and generally 

planar. 

 

The Designer is cautioned to fully review the requirements contained in the Guide and 

consult the Checklist for complete information.  36 CFR Part 1190 – Accessibility Guidelines for 

Pedestrian Facilities in the Public Right-of-Way Final Rule and the identified documents for 

complete information. 

 

Accessibility Guidelines for Pedestrian Facilities in the Public Right of Way (PROWAG) (New 

Designs)  

 

These standards shall be used in the design of all new sidewalks and the replacement of 

any existing sidewalks: 

A. The pedestrian access route shall have a minimum width of 4 ft. excluding the width 

of the curb. 

B. A level landing shall be provided at the top of a perpendicular curb ramp. The 

landing at the top of the curb ramp shall be a minimum 4 ft. wide when no 

obstructions exist at the backside of the landing and a minimum 5 ft. wide when 

obstructions exist such as a building, pole etc. 

C. All other requirements described for Existing Sidewalks above shall apply, noting 

that the list is NOT all-inclusive. 

 

Additional guidance may be found at the following web site concerning Public Rights-of-

Way Access from the United States Access Board (generally referring to facilities in public rights-

of-way): http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-

of-way. A manual entitled “Special Report: Accessible Public Rights-of-Way Planning and Design 

for Alterations”, dated August 2007, is available for technical assistance to the Designer, generally 

providing guidance for alterations of existing facilities at http://www.access-board.gov/guidelines-

and-standards/streets-sidewalks/public-rights-of-way/guidance-and-research/accessible-public-

rights-of-way-planning-and-design-for-alterations. 

 

Technical guidance, including sample details, is available for the proposed DOJ rules at 

the address given heretofore in Section 20 of this Design Directive (the DOJ 2010 ADA Standards 

for Accessible Design (www.ada.gov/regs2010/2010ADAStandards/2010ADAstandards.htm.) 

Chapter 2 of this resource includes Scoping Requirements, while Chapter 4 “Accessible Routes”, 

include requirements and sample details for sidewalks and curb cuts. 

 

Where a sidewalk which is being constructed or reconstructed along a State highway is 

carried around a radius, and ended, the surface of the sidewalk will smoothly meet the existing 

ground or adjacent sidewalk where conditions permit. If the sidewalk being constructed or 

http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-of-way
http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-of-way
http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-of-way/guidance-and-research/accessible-public-rights-of-way-planning-and-design-for-alterations
http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-of-way/guidance-and-research/accessible-public-rights-of-way-planning-and-design-for-alterations
http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-of-way/guidance-and-research/accessible-public-rights-of-way-planning-and-design-for-alterations
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reconstructed extends through the crosswalk on the intersecting street, curb cuts or ramps shall be 

provided. 

 

The Checklists found in Design Directive 202, Field and Office Reviews for Initial 

Engineering, Preliminary Engineering and Final Design include lines for the Designer/Consultant 

Project Manager to initial for compliance when submittals are made. 

 

 

60.   ADA Exception Justification Report 

If a requirement of the DOJ 2010 ADA Standards 36  36 CFR Part 1190 – Accessibility 

Guidelines for Pedestrian Facilities in the Public Right-of-Way Final Rule is deemed technically 

infeasible, the reasons for the exception must be fully documented and approved. Some reasons 

why an ADA requirement cannot be implemented include historical considerations, limited right-

of-way, or problems with geometry (both horizontal and vertical). It is up to the Designer to 

determine feasibility. If an ADA exception is granted for technically technical infeasibility, the 

Designer should make every effort to mitigate the requirement and design the feature to the greatest 

extent feasible in the effort to meet the established guidelines. Specifically, Sections 201, 202, and 

206 of the adopted DOJ 2010 ADA Standards discuss scoping, structural impracticality and 

technical Section 406 discusses Curb Ramps. 

Attached to and made a part of this Design Directive is an ADA Exceptions Justification 

Form which is to be completed by the Designer/Project Manager for all projects which have 

exceptions to any ADA requirements. A copy of the proposed ADA Exception Justification Report 

with the recommended signatures shall be mailed sent to the EEO Civil Rights Compliance 

Division ADA Coordinator to be forwarded to the ADA Board Chairman for approval. The 

completed Form is to be included in the Final Office Review and PS&E submittals. 

 

West Virginia Division of Highways 

EEO Civil Rights Compliance 

Division ADA Coordinator 1900 

Kanawha Boulevard, East Building 

5, Room 618 550 

Charleston, West Virginia 25305-0430 

 

The District/Division ADA Coordinator shall maintain a copy of all approved ADA 

Exception Justification Reports and Sidewalk Evaluations for future reference.
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Curb Ramp Number as identified in the WVDOH ADA Data Set (if applicable) - _____________ 

 

AMERICANS WITH DISABILITIES 

ACT EXCEPTIONS JUSTIFICATION 

REPORT 
 

PROJECT DATA 

State Project No.   Date:   

Federal Project No:   County:   

Project Name: 

Project Description: 
 

 

 

Special Project Sponsor 

Name and Address: 
 

 

 

 

 

WVDOH Representative:   FHWA Representative: 

  

(Note: Project Description in above table should be the complete scope of the project: i.e. major or minor 

construction, urban or rural, reconstruction, rehabilitation, pavement overlay, etc. using the descriptions 

given in DD-803 as a guide) 

HIGHWAY ROUTE DATA 

 

AASHTO Functional  

 

1. □ Urban □ Rural

Classification 2. □ Arterial □ Collector □ Local Road 

3. □ Freeway □ Divided/Arterial □ Two-Lane Arterial 

4. □ Interstate 

5. □ Other (i.e. school property) 

 

TERRAIN TYPE □ Level □ Rolling □ Mountainous
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ADA REQUIREMENTS (Document Only Exceptions) 
 
 Existing Design Proposed Criteria 

ADA Requirements Triggered Condition Criteria Action  Source  

1. Sidewalk             

2. Curb Ramps             

3. Detectable Warnings             

4. Accessible Signals             

5. Accessible Parking             

6. Van Accessible Spaces             

7. Path of Travel             

8. Bridge             

9. Other             

(Note: references to the appropriate Section number of the 2010 ADA Standards for Accessible 

Design and proposed PROWAG Standards are to be used as the Design Criteria and the 

Criteria Source in the above table and in the Exception Report) 

 

APPROVAL SIGNATURES 
 

RECOMMENDED: APPROVED: 

 
1.       

Consultant   ADA Board Chairman 

 

2.    

Project Engineer REVIEWED: 
 

 

3.       

District/Division ADA Coordinator   Federal Highway Administration
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NARRATIVE DISCUSSION OF ADA EXCEPTION(S): Attach appropriate 

Photos, design drawings, or other documentation as needed to support the Exception 

Justification request 
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CHAPTER 8 CULVERTS 

8.1 INTRODUCTION 

Culverts are defined as hydraulic structures designed to convey surface water runoff under a 

highway embankment. This chapter outlines the policies, criteria, and guidelines for the hydraulic 

design of highway culverts. The information presented should enable the designer to select, 

plan, and design conventional highway culverts. This chapter does not cover all aspects of 

culvert design. The reference list at the end includes publications by the FHWA that should be 

consulted for additional information regarding specialized aspects of culvert design. Hydraulic 

Design Series 5 (HDS-5) is the primary FHWA reference for culvert design. 

8.2 GENERAL DESIGN POLICY 

The designer shall use the following general policies as a guide to select, plan, and design 

culverts placed beneath highways: 

• Culverts shall be hydraulically designed. 

• Culverts located in floodplains mapped by the Federal Emergency Management Agency 

shall satisfy the requirements of the National Flood Insurance Program. 

• Culverts shall be designed to consider construction and maintenance costs, risk of failure, 

risk of property damage, traffic safety, and environmental considerations. 

• Culverts shall be designed to be structurally stable and hydraulically efficient. 

• The detail of documentation for each culvert site shall be commensurate with the risk and 

importance of the structure. 

8.3 DESIGN CRITERIA 

Culverts shall be designed with the following minimum design criteria to integrate hydraulics, 

economics, safety, environmental considerations, and maintenance. 

8.3.1 STRUCTURE TYPE SELECTION 

The choice between a culvert and a bridge at a given site shall be based on the following criteria: 

Culverts are used: 

• Where more economical than a bridge 

• Where debris and ice are not significant 

• Where bridges are not required to reduce backwater impacts 

• Where environmentally acceptable 
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• Where floodway encroachments are not critical 

• Where overtopping potential and damage due to overtopping is low 

Bridges are used: 

• Where culverts cannot be used 

• Where it is more economical than a culvert 

• To avoid floodway encroachments 

• To satisfy land use requirements 

• To reduce environmental impacts caused by a culvert. 

• To accommodate ice and large debris 

8.3.2 LOCATION, ALIGNMENT AND GRADE 

Culverts shall be in the existing channel to avoid major stream relocations beyond the roadway 

construction limits and to reduce environmental impacts. Where stream channel relocation is 

necessary, it shall be done without causing abrupt transitions of the stream at either end of the 

culvert. Consider the temporary diversion of the stream and constructability when locating a 

culvert. 

Culverts shall be aligned with the direction of flow and with the natural grade of the stream. 

Improper selection of the alignment and grade can decrease hydraulic performance and 

increase sediment deposition, debris, and scour. 

On steep terrain, long culverts under high fills should be designed to follow existing stream 

alignments with both horizontal and vertical bends. This will reduce trench excavation and 

possibly reduce outlet velocity. 

8.3.3 MINIMUM SIZE 

The minimum size of a culvert shall be determined based on the peak discharge of the design 

flow from the contributing drainage basin. Culverts in perennial streams shall span the bankfull 

channel if possible. In some instances, culverts may be oversized to limit upstream inundation 

due to headwater. Culverts may be sized to accommodate debris and to avoid maintenance 

problems due to sediment accumulation and clogging. Buoyancy issues should also be 

evaluated where they may be a concern. Table 8-1 denotes the minimum culvert diameter 

according to the type of roadway. 

Driveway conduit is not classified as a culvert. For residential access it shall be a minimum of 

15 inches in diameter for the case of single property access and 18 inches for single or multiple 

property access with more than 1 acre of contributory drainage area. For commercial or industrial 
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access it shall be a minimum of 18 inches. The placement of the driveway conduit shall not alter 

the natural water course. Driveways which cross a stream or natural water course have no 

allowable minimum size and shall be hydraulically designed. This criterion is presented in 

Section 6.3.11. 

Storm drain conduit, which is also not classified as a culvert, shall be a minimum of 18 inches in 

diameter underneath of multi-lane or two-lane highways and a minimum of 24 inches in diameter 

when crossing multi-lane highways. The multi-lane crossing criteria is subject to the rule that 

conduit size shall not decrease in the downstream direction. This criterion is presented in Section 

5.2.6. 

Table 8-1 

Minimum Culvert Diameter 

Multi-lane Highways 24 inches 

Two-lane Highways 18 inches 

8.3.4 STORM FREQUENCY 

Highway culverts shall be designed for the storm criteria shown in Table 4-2 and shall be 

evaluated based on the check storm criteria in Section 4.3.2 of Chapter 4. 

Temporary culverts used to maintain drainage during construction should be sized based on the 

expected duration of the project and shall be designed for a storm recurrence interval of no less 

than the 2-year event. 

8.3.5 HYDROLOGY 

A constant peak discharge shall be assumed for most culvert designs to size the structure 

conservatively. Culverts shall be designed for the peak flow calculated at the inlet end of the 

culvert. The design peak flow shall be determined by the methods outlined in Chapter 4, Section 

4.4. Hydrograph and storage routing methods are generally not used for designing culverts 

unless unusual circumstances exist. 

8.3.6 MAXIMUM ALLOWABLE HEADWATER 

Allowable headwater is the depth of water that can be ponded at the upstream end of the culvert 

during the design storm event. It will be based on the following requirements: 

• Non-damaging to upstream property 

• Below the roadway subgrade 

• HW/D no greater than 1.2 
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• Equal to the elevation where flow diverts around the culvert. 

• For replacement culverts, no greater than the existing condition 

• In compliance with FEMA and local floodplain regulations 

A reduction in the HW/D ratio from 1.5 in the 2007 manual to the present 1.2 infers proper sizing 

of a culvert for the bankfull channel which reduces future maintenance and allows better aquatic 

organism passage. Culverts in perennial streams shall span the bankfull channel if possible. 

Major culvert installations where the headwater may affect insurable structures, developable 

property, or that are located within a FEMA designated flood zone may need to be analyzed 

using a backwater analysis program with the Engineering Division’s approval. 

8.3.7 TAILWATER RELATIONSHIP 

Tailwater is defined as the depth of water downstream of the culvert. It is measured from the 

outlet invert and is an important factor in determining the culvert capacity and headwater 

elevation under outlet control conditions. Tailwater may be caused by the hydraulic resistance 

(roughness) of the downstream channel or by obstructions such as a low water crossing, another 

culvert, or a reservoir. Tailwater in a tributary may also be controlled by backwater from a larger 

stream. For culverts operating in outlet control, tailwater depths shall be determined for a range 

of discharges. Depths are obtained from normal depth calculations, back water calculations for 

a receiving stream, or flood insurance study data. 

The tailwater for a culvert located near the confluence with another stream or large water body 

shall be determined by a joint probability analysis (See Table 5-10 Section 5.3.6.5 of Chapter 5) 

or by a hydrograph analysis. If the design storm events occur concurrently (statistically 

dependent with coincident peaks), the high-water elevation that has the same frequency as the 

receiving stream or water body shall be used. If the events are statistically independent, the joint 

probability of the flood magnitudes shall be evaluated and a likely combination resulting in a 

greater tailwater depth shall be used. A hydrograph model at the confluence would account for 

the timing of the peak flow from each watershed to the confluence. Refer to Section 8.4.10 for 

more details regarding tailwater conditions. 

8.3.8 END TREATMENTS (INLET OR OUTLET) 

End treatments for culverts larger than 36 inches shall consist of headwalls or wingwalls at both 

ends as shown in the WVDOH Standard Drainage Details. Metal end sections or safety end 

sections for larger pipes may be used if approved by the engineer. 

End treatments shall be located outside of the clear zone on high-speed roads to eliminate the 

possible hazard to an out-of-control vehicle. For culverts that are skewed to the roadway, 

headwalls shall be placed perpendicular to the culvert rather than parallel to the roadway. End 
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treatments on all culverts shall consider buoyancy protection. Refer to Section 8.4.12 for more 

details regarding end treatments. 

8.3.9 MAXIMUM OUTLET VELOCITY AND SCOUR PROTECTION 

The maximum velocity at the culvert outlet shall be determined by evaluating a range of 

discharges up to the design discharge. The need for scour protection shall be based on the 

maximum outlet velocity. Protection shall be provided by creating a stable discharge area that 

reduces the velocity to the pre culvert installation velocity. In other words, the culvert outlet 

velocity should be equal to or less than the velocity in the outlet channel before the installation. 

Allowable velocities of the stream bed material (Table 8-4) shall be used as a guide to determine 

the need for scour protection. 

Outlet scour protection may consist of channel stabilization with rock lining or an equivalent 

material. On the plans, rock lining shall be designated as “Dumped Rock Gutter”, or “Select 

Embankment” as shown in the Standard Details. The use of rock-lined scour basins and energy 

dissipators shall be based on site-specific conditions and designed in accordance with the 

guidelines of HEC-14, published by the FHWA. 

8.3.10 MINIMUM VELOCITY 

The minimum velocity in the culvert shall be adequate to prevent sedimentation at low flow rates. 

Culverts shall be designed for a minimum velocity of 2 feet per second when the culvert is flowing 

at a depth equal to 15% of the diameter of the culvert. 

8.3.11 DEBRIS CONTROL 

Culverts at locations where excessive sedimentation and debris problems are expected (such 

as in steep streams that transport heavy bed load) shall be designed to accommodate debris or 

proper provisions shall be made for debris maintenance. Access to the culvert for maintenance, 

personnel, and equipment shall be provided. Debris control shall be designed using the 

guidelines of HEC-9, published by the FHWA. 

8.3.12 PIPE MATERIAL SELECTION 

Culvert material selection shall be based on Design Directive-503 (DD-503), Selection of Pipe 

Materials, published by the West Virginia Division of Highways. 

Culvert material, gage, and corrugation shall be specified based on Design Directive-502 (DD-

502), Maximum and Minimum Fill Height Tables for Drainage Pipe, published by the West 

Virginia Division of Highways. 
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8.3.13 MULTIPLE BARRELS 

Multiple barrel culverts should generally be avoided. They refer to the use of more than one pipe 

of the same diameter with the same invert elevations. Multiple barrel culverts in an active stream 

natural channel will clog with debris and sediment. The clogging will cause flooding that could 

damage the highway, adjacent property, and endanger motorists. Where debris and sediment 

transport are a concern, a single cell culvert is recommended. If a special circumstance exists 

where multiple barrel culverts are considered, stream stability, fish passage, and sediment 

transport should be evaluated. 

Locations where multiple barrel culverts are troublesome include: 

• Where the approach flow is supercritical with high velocity. Such locations shall require a 

single barrel or special inlet treatment to avoid hydraulic jump effects. 

• Where fish passage is required (see Section 8.4.15), except where special treatment is 

provided to ensure adequate low flow, such as lowering one barrel (becoming multiple 

cell culverts see Section 8.4.15). 

• Where a meander bend is present immediately upstream 

8.3.14 ENVIRONMENTAL CONSIDERATIONS 

Culvert locations shall be selected to minimize impacts to the streams and wetlands whenever 

practical. Consideration shall be given to constructing culverts in the “dry” by using a temporary 

diversion channel. Aquatic life movement shall be accommodated when required by law or may 

be considered when it is beneficial as mitigation for stream impacts (see Section 8.4.17). If 

multiple barrels are used, special treatment shall be provided to ensure adequate low flow, such 

as lowering one barrel (becoming multiple cell culverts see Section 8.4.15). 

8.4 DESIGN CONCEPTS AND GUIDELINES 

8.4.1 CULVERT TYPES 

Culverts are constructed of materials such as reinforced concrete, corrugated steel, polyvinyl 

chloride, polypropylene, and high-density polyethylene plastic. Common culvert shapes include 

circular, box, elliptical, arch, and pipe arch. The material and shape are selected based on 

factors such as roadway profile, channel characteristics, hydraulic performance, strength, 

construction methods, and corrosion and abrasion resistance. 

Conventional culverts with uniform barrel cross-sections throughout their length are considered 

in this chapter. Culvert inlets and outlets may consist of the culvert barrel projecting from the 

roadway fill, mitered to the embankment slope, or with end treatments such as headwalls, wing-

walls with apron slabs, or standard end sections of concrete or metal. 
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8.4.2 CULVERT HYDRAULICS 

An exact theoretical analysis of culvert hydraulics is extremely complex because the flow is 

usually non-uniform with regions of both gradually varying and rapidly varying flow. An exact 

analysis involves determining change in flow type for various flows and tailwater elevations, 

backwater and drawdown calculations, energy and momentum balance, application of hydraulic 

model studies, and determination of hydraulic jump locations. 

8.4.3 CONTROL SECTION AND MINIMUM PERFORMANCE 

The procedures in HDS-5 were developed to simplify culvert hydraulic calculations and 

systematically analyze culvert flow based on a “control section”. A control section is a location 

where there is a unique relationship between the flow rate and the upstream water surface 

elevation. Many different flow conditions exist over time but at a given time the flow is either 

governed by the inlet geometry (inlet control) or a combination of the inlet geometry, the culvert 

barrel characteristics, and the tailwater elevation (outlet control). Control may oscillate from inlet 

to outlet; however, the design method is based on a “minimum performance”. This means while 

the culvert may operate more efficiently at times (i.e., more flow for a given headwater level), it 

will never operate at a lower level of performance than the calculated minimum. 

The HDS-5 design method uses equations, charts, and nomographs that were developed from 

numerous hydraulic laboratory tests and theoretical calculations. Due to the error introduced in 

the test data because of scatter, it should be assumed that culvert sizes calculated with this 

method are accurate to within plus or minus 10 percent, (HDS-5, Sept 2001, Chapter III, Section 

A, 3rd paragraph, page 23) in terms of head. 

8.4.4 INLET AND OUTLET CONTROL 

A culvert flowing in inlet control has shallow, high-velocity, supercritical flow with the control 

section located at the upstream end of the barrel. Inlet control is influenced by the headwater 

depth and inlet area, edge configuration, and shape. Figure 8-1 shows several examples of inlet 

control flow with either a submerged or unsubmerged inlet. The submerged inlet operates 

essentially as an orifice and an un-submerged inlet operates as a weir. 

The inlet edge configuration is a major factor of inlet control performance, and it can be modified 

to improve performance. Modified inlets with beveled edges can reduce the flow contraction. 

This may decrease the headwater for a given barrel size or allow a smaller pipe for a given 

headwater. 

A culvert flowing in outlet control will have a deep, low velocity, subcritical flow with the control 

section located at the downstream end of the culvert. The factors influencing outlet control are 

barrel roughness, tailwater elevation, headwater, edge configuration, barrel area, shape, length, 
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and slope. The greater depth of the tailwater or downstream channel, whichever is greater, is 

the control at the outlet. Figure 8-2 shows several examples of outlet control flow. 

Figure 8-1 

Types of Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Figure 8-2 

Types of Outlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 

8.4.5 INLET AND OUTLET CONTROL EQUATIONS 

The two conditions of inlet control depend upon whether the inlet end of the culvert is submerged 

by the upstream headwater. If the inlet is not submerged, the inlet performs as a weir. If the inlet 

is submerged, the inlet performs as an orifice. 
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The unsubmerged and submerged inlet control headwater design equations are provided below. 

Note that there are two forms of the unsubmerged equation. Form (1) is based on the specific 

head at the critical depth adjusted with two correction factors. Form (2) is an exponential 

equation similar in form to a weir equation. Form (1) is preferable from a theoretical standpoint, 

but Form (2) is easier to apply and is the only documented equation for some of the inlet control 

nomographs. A constant slope value of 2 percent was used for the development of the 

nomographs. This is due to the small effect of the slope and the conservatively high resultant 

headwater value for sites with slopes exceeding 2 percent. 

UNSUBMERGED 

Form (1)  

Note: For mitered inlets, the slope correction factor is +0.7S instead of -0.5S as shown in the 

equation below. 

The following equations are applicable up to  

Form (1)  

Form (2)  

SUBMERGED 

 

The above equation applies above about  

 HWi= Headwater depth above inlet control section invert (ft) 

 D = Interior height of culvert barrel (ft) 

 Hc = Specific head at critical depth (dc+Vc
2/2g) (ft) 

 Q = Discharge (ft3/s) 

 A = Cross-sectional area of the barrel (ft2) 

 K,M,c,Y Constants from Table 8-2 
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 Ku = 1.0 for English units 

 S = Culvert barrel slope (ft/ft) = 0.02 

Outlet control flow conditions are calculated based on energy balance. In its most basic form, 

the head loss HL (total energy required to pass flow through a culvert with the barrel flowing full 

throughout its length) is made up of three major parts: an entrance loss (He), the friction loss 

through the culvert (Hf), and the exit loss (Ho). 

 

The culvert barrel velocity is calculated as:  

 V = average velocity in the culvert barrel (ft/s) 

 Q = flow rate (ft3/s) 

 A = full cross-sectional area of flow (ft2) 

The velocity head is expressed as:  

 g = acceleration due to gravity (32.2 ft/s2) 

The entrance loss (He) is expressed as a coefficient times the velocity head: 
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Table 8-2 

Constants for Inlet Control Design Equations 
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Table 8-3 

Entrance Loss Coefficients Ke 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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The friction loss in the barrel (Hf) can be expressed as: 

 

 n = Manning’s Roughness Coefficient 

 L = Length of the culvert barrel (ft) 

 R = Hydraulic radius of the full culvert barrel = A / P (ft) 

 A = Cross-sectional area of the barrel (ft2) 

 P = Perimeter of the barrel (ft) 

 V = Velocity in the full barrel (ft/s) 

Refer to Table 1-2 of Section 1.4 for Manning’s Roughness Values for pipes. 

The exit loss (Ho) for sudden expansion such as an endwall is: 

 

 Vd = channel velocity downstream of the culvert (ft/s) 

Since the downstream velocity is usually neglected, the exit loss becomes equal to the full flow 

velocity head in the culvert barrel. 

 

Inserting the above relationships for entrance loss, friction loss, and exit loss into energy or 

head loss equation, the following equation for total head loss is obtained: 

 

The outlet control headwater design equation: 

 

Minor losses such as bend losses (Hb), junction losses (Hj), and losses at grates (Hg) should be 

included in energy or head loss equation if appropriate. See Chapter 5 section 5.3.6.8 for 

information on minor losses. 
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8.4.5.1 KEY PARAMETERS FOR CULVERT FLOW 

Specific Energy  

Specific energy (E) is the energy or head relative to the channel bottom. For a mild sloped 

channel with uniform flow (velocity and depth remain constant) the specific energy is defined as 

the depth plus the velocity head. If you look at the graph for depth vs. specific energy there is 

one depth at which the specific energy is at a minimum. This depth is the critical depth for the 

amount of flow or discharge. 

 

 

The continuity equation transforms the 

specific energy equation in terms of depth, 

flow, and flow area. 

 

It is important to define and distinguish between three important flow depths and how they pertain 

to a hydraulic pipe design. 

Normal Depth 

Normal depth is defined as the depth of uniform, steady flow under a constant discharge. In a 

uniform flow regime, the losses due to boundary friction are balanced by the force of gravity in 

the direction of the flow. In other words, friction and gravity forces in the direction of flow are 

equal but act in opposite directions. This creates a hydraulic condition where the discharge, 

cross-sectional area and velocity are constant throughout the length of the channel or pipe. The 

slope of the pipe invert, the slope of the water surface, and the slope of the energy grade line 

are equal and parallel to each other in this hydraulic condition. 

Normal depth is a function of discharge, size of channel, shape of channel, slope of channel, 

and frictional resistance to flow. It can be calculated using the familiar Manning’s Equation. 
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Hydraulic Mean Depth 

The hydraulic mean depth is defined as the 

area of the flow cross section divided by the 

water surface top width. It is a method of 

characterizing an irregular shaped channel in 

terms of a rectangular shaped channel. 

��� �
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Critical Depth 

The critical depth is defined as the depth at the point of minimum specific energy for a constant 

discharge. In most cases the occurrence of critical flow determines the location of the control 

point within that flow. The equation for determining critical depth is reached by taking the 1st 

derivative of the energy equation with 

respect to depth and setting it equal to zero 

(finding the point of zero slope with respect 

to the y axis). 

 

 

 

If we take small enough slices of our channel, the change in area with respect to the change in 

depth is equal to the water surface top 

width: 

 

 

 

 

 

This equation applies to all sizes and shapes of pipe and is the source for the critical depth charts 

in this chapter. The calculation for determining the critical depth curves end at 94% of the 
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Depth of flow determines the flow area (A) 

and the flow top width (T). To solve for 

critical depth, find the flow (Q) and its 

corresponding depth (d) that create the 

equality for this equation. 
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diameter for the case of circular pipes since this depth gives the maximum amount of discharge. 

The depth yielding the maximum amount of discharge will vary for arch pipes due to the many 

differences in cross sectional geometry. The same limit was used for the calculation of the critical 

depth curves for arch pipes to preserve consistency. Determining the critical depth beyond this 

94% limit shall be taken from a “sketched” continuation of the calculated curve up to the diameter 

or rise of the pipe. 

Critical Slope 

Each culvert flow rate has a critical slope that corresponds to the critical depth. 

 

The value of the critical slope can be compared against the slope of the culvert invert to 

determine the state of flow (see Chapter 5 Section 5.3.6.9). If Sc is greater than the slope of the 

culvert invert, then the flow is subcritical, and the control section is the outlet. If Sc is equal to the 

slope of the culvert invert, then the flow is critical inside of the culvert, and the control section is 

at the inlet. 

Froude Number 

When the flow is at critical depth, the specific energy is at a minimum and the Froude Number 

is equal to one. A detailed discussion of the Froude Number is provided in Chapter 5, Section 

5.3.6.9. The derivation is provided here. 

  
   

 

The Froude Number:   or  

8.4.5.2 HIGH DENSITY POLYETHYLENE PLASTIC PIPE 

The inlet and outlet control equations and their corresponding nomographs do not address the 

subject of designing a culvert using High density polyethylene plastic pipe (HDPE). This type 

has a smooth interior with a corrugated exterior. It was determined in the development of design 
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directive 503 (Design of Alternate Pipe Materials) that HDPE should be treated as a corrugated 

metal pipe in an inlet control situation. The constants K and M in an unsubmerged situation and 

c and Y in a submerged situation for circular corrugated metal pipe shall apply for HDPE in 

determining inlet control. This application shall be used for the headwall, mitered to slope, and 

projecting inlet edge description. 

In an outlet control situation, the entrance loss coefficient Ke shall be the same as that for a 

concrete pipe. This application shall be valid for projecting from fill and headwall and wingwalls 

for a square or cut end, mitered to conform to fill slope, and an end section conforming to fill 

slope. 

The roughness of the interior of the pipe varies with the type of backfill. When the non-compacted 

cementitious material, referred to as controlled low-strength material (see DOH specification 

219) is used as backfill (type F trench see WVDOH Typical Sections and Related Details) the 

interior of the pipe remains smooth and the Manning’s roughness coefficient is 0.013. When any 

other type of backfill is used the exterior corrugations tend to protrude into the interior and the 

roughness coefficient is 0.015. Since the nomographs for total head loss (HL) use different 

roughness coefficients, only the equations on the nomographs can be used to determine total 

head loss for HDPEPP pipe in determining an outlet control headwater. 

8.4.6 FULL FLOW ENERGY AND HYDRAULIC GRADE LINES 

Figure 8–3 shows the energy grade line (EGL) and the hydraulic grade line (HGL) for full flow in 

a culvert barrel. The EGL represents the total energy at any point along the culvert barrel. The 

HGL is the water surface and the depth to which water would rise in vertical tubes connected to 

the sides of the barrel. The headwater (HW) and tailwater (TW) conditions as well as the 

entrance (He), friction (Hf), and exit (Ho) losses are also shown. HW is the depth from the inlet 

invert to the hydraulic grade line and HWoi is the headwater depth above the outlet invert. Vu is 

the approach velocity and Vd is the downstream velocity. 
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Figure 8-3 

Full Flow Energy and Hydraulic Grade Lines 

 

8.4.7 ROADWAY OVERTOPPING 

Roadway overtopping begins when the headwater rises to the elevation of the roadway. The 

overtopping will usually occur at the low point of a sag vertical curve resulting in flow that is 

equivalent to flow over a broad-crested weir. This overtopping flow is calculated using the weir 

equation: 

 

 Q = Overtopping flow rate (ft3/s) 

 Cd = Overtopping discharge coefficient (weir coefficient) 

 k = over-embankment flow adjustment factor 

 L = Profile length of the roadway overflow (ft) 

 H W = Headwater depth measured above the roadway (ft) 

The length of overflow and the headwater depth along the roadway are difficult to determine 

when the overflow is defined by a sag vertical curve. The sag vertical curve can be broken into 

a series of horizontal segments and the flow over each segment is calculated for a given 

headwater using the weir equation (Figure 8–4). The given headwater is determined at the 

elevation along the vertical curve in the center of the horizontal segment. The overtopping flow 

rates for each segment are then added together, resulting in the total flow over the roadway. 

5.1

wd HLCkQ =
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Figure 8-4 

Roadway Overtopping 

 

The sag vertical curve can also be adequately represented by a single horizontal line with an 

acceptable variation above and below the line. The length of the overflow can be taken as this 

segment length, or it can be based on the roadway profile. In effect, this method utilizes an 

average depth of the upstream pool above the roadway for the overflow calculation. Values of 

the weir coefficient (Cd in English Units) can be found in Figure 8–5 (Chart 60B from HDS-5). 

The roadway overflow plus the culvert flow must equal the design flow. A trial-and-error process 

are necessary to determine the amount of total flow passing through the culvert and the amount 

of flow over the roadway. Programs such as HY-8 are recommended when evaluating roadway 

overtopping. 
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Figure 8-5 

Roadway Overtopping / Discharge Coefficient 

 

8.4.8 PERFORMANCE CURVES 

Performance curves are plots of flow rate versus headwater depth or headwater elevation. Since 

the control section can exist at the inlet, outlet, or the throat of the culvert, a performance curve 

is possible for each control section including roadway overtopping. The overall performance 

curve is made up of the controlling portions of the individual curves for each control section. It 

can be used to determine the headwater depth or elevation for any flow rate, or to examine the 

performance of the culvert over a range of flow rates. Figure 8–6 depicts a typical culvert 

performance curve. 
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Figure 8-6 

Overall Culvert Performance Curve 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 

An overall performance curve can be developed as follows: 

1. Select a range of flows falling above and below the design discharge and calculate the 

corresponding inlet and outlet control headwater elevations. 

2. Plot and combine the inlet and outlet control performance curves to define a single curve 

for the culvert. 

3. For culvert headwaters that overtop the roadway crest elevation, use the weir equation 

(see Section 8.4.7) to calculate flow rates over the roadway. 

4. Add the culvert flow and the roadway overtopping flow at the corresponding headwater 

elevations to obtain the overall performance curve. 
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8.4.9 ALLOWABLE HEADWATER 

The economic design of culverts requires that consideration be given to the following effects: 

• Hydraulic uplift or buoyancy, which is especially significant in permeable soils, and/or 

pipes with no headwalls. The possibility of uplift is increased when the culvert entrance 

becomes blocked with debris. 

• Exfiltration in pipes due to pressure 

• Erosion of the embankment due to falling headwater. 

• Danger to fills due to seepage especially in hillside locations. 

• Debris protection 

• Maintenance 

• Damage to upstream and downstream property 

• Hazards to life 

• Public image 

• Acquisition of land affected by headwater. Areas inundated beyond levels of former 

flooding may need to be acquired. 

• Possible future development of the land upstream 

Allowable headwater depth criteria are provided in Section 8.3.6. The check storm should be 

evaluated in accordance with Section 4.3.2 (see Chapter 4). 

The area upstream of a culvert where ponding might occur can impact the design of the culvert. 

If the upstream ponding area is limited, the allowable headwater may need to be reduced. 

Conversely, if the upstream area has a large storage capacity, the allowable headwater elevation 

could be increased thus reducing the required culvert size. In the latter case, the Division of 

Highways shall acquire the right to pond water on the affected area to prevent future 

development and maintain the area for ponding. This will require the purchase of right of way, 

permanent ponding easement, or permanent drainage easement. The delineation of the ponding 

area will require mapping with at least 2-foot interval contours. 

8.4.10 TAILWATER CONDITIONS 

The tailwater elevation above the outlet invert at the design flow rate may be obtained from 

backwater calculations, normal depth calculations, or from field observations. A field inspection 

and a review of flood insurance studies should be made to check the effect of downstream 

controls on tailwater conditions at the outlet. Backwater computations from a downstream control 

point can be tedious and may require additional survey of the area. Normal depth computations 
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utilize Manning’s Equation and the geometric properties of the outlet channel to determine a 

tailwater elevation, (assuming the channel is reasonably uniform in cross section) slope, and 

roughness. Once this elevation is determined, it is compared to the critical depth of flow for the 

culvert. 

The critical depth of flow is a computable occurrence in the flow regime. Where this depth occurs, 

it influences the tailwater condition for a culvert. In the case of a hydraulic drop, flow changes 

from a subcritical state (slow, deep flow) to a supercritical state (shallow, fast flow). The depth 

of flow must pass through the critical depth to make this change in flow state. 

In the case of the culvert flowing full at the outlet (as in Figure 8–3), the tailwater elevation is 

simple to determine. In the case of the culvert flowing partly full at the outlet, the tailwater is 

determined by comparing the observed or computed tailwater (from backwater or normal depth 

methods) with the critical depth. Based on numerous backwater calculations by the FHWA, it 

was determined that for partly-full flow, a downstream extension of the full-flow hydraulic grade 

line pierces the vertical plane of the culvert outlet at a point halfway between critical depth (d C) 

and the top of the barrel (culvert diameter, D). This means the change in the flow state occurs 

within the culvert and the tailwater elevation at the culvert outlet is (d C +D)/2 above the outlet 

invert (Figure 8–7). This is the value used to set the beginning of the hydraulic grade line at the 

outlet for the calculation of headwater in an outlet control situation. 

Figure 8-7 

Hydraulic Grade Line Approximation 

 

If the observed or computed tailwater elevation exceeds (d C +D)/2, then it is used to set the 

beginning of hydraulic grade line. The headwater elevation (or end of the hydraulic grade line) 
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is then determined by adding the exit loss, the head due to friction losses through the culvert 

barrel, the head due to entrance losses, and subtracting the change in the invert elevation (slope 

of culvert x length of the culvert) to (d C +D)/2 or the tailwater, whichever is greater (see Section 

8.5). 

This approximate method by the FHWA works best when the barrel flows full over at least part 

of its length. When the barrel is partly full over its entire length, the method becomes increasingly 

inaccurate as the headwater falls further below the crown of the culvert. Adequate results are 

obtained down to a headwater of 0.75D. For lower headwater, backwater calculations are 

required to obtain accurate headwater elevations. Programs such as HEC-2 or HEC-RAS should 

be utilized. 

8.4.11 CULVERT SLOPE 

The culvert length and longitudinal slope should be based on existing site conditions and 

topography. The flow characteristics of the existing channel at the proposed culvert should be 

examined to properly position the culvert vertically. The culvert invert should be as near as possible 

to the existing channel bottom and follow the existing stream bed alignment as close as is practical. 

Where extremely steep grades are encountered, vertical breaks in grade can be introduced to 

reduce outlet velocities and minimize outlet protection requirements. The use of grade breaks in 

culverts should be coordinated with the WVDOH Engineering Division. 

8.4.12 END TREATMENTS 

Design of the inlet and outlet is a very important aspect of the overall design of a culvert. End 

treatments such as headwalls, wingwalls, end sections, and improved inlets can increase 

hydraulic efficiency, prevent buoyancy effects, and reduce erosion. Culvert outlets are also 

important because of the potential for erosion caused by the increased flow velocity through the 

culvert. Other types of end treatments include scour protection with rock lining and energy 

dissipators. 

8.4.12.1 HEADWALLS OR WINGWALLS 

Safety of the road user is an important consideration in the design and location of drainage 

structures. It is important to locate the headwall, wingwall, or end section outside the clear zone 

on high-speed roads to eliminate the possible hazard to an errant vehicle. Where end treatments 

must be within the clear zone, they should be designed or modified to be traversable or present 

a minimal obstruction to an errant vehicle where debris is not a concern. The end section can 

be made traversable by using sloped grates or safety slope end sections. If a major drainage 

feature cannot effectively be redesigned or relocated, shield it using a suitable traffic barrier. 

Refer to the AASHTO Roadside Design Guide for further information on traffic safety issues 
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associated with drainage features. See Section 8.3.8 for guidelines on where to use headwalls, 

wingwalls or other end sections. 

Wingwalls retain the roadway embankment and improve the hydraulic efficiency by reducing the 

inlet and outlet loss coefficients. Cut-off walls at the entrance or outlet of a culvert are used to 

prevent piping and subsequent undermining along the culvert barrel. 

8.4.12.2 IMPROVED CULVERT INLETS 

Improved inlets are refinements to the geometry of the culvert entrance to increase the hydraulic 

performance. These types of inlets should be considered for exceptionally long culverts 

operating under inlet control or when an existing culvert operating under inlet control is 

lengthened and hydraulic performance needs to be increased. There are three types of improved 

inlets: 

• Beveled-Edge  

• Side-Tapered  

• Slope-Tapered  

The bevel-edged inlet acts to decrease the flow contraction at the inlet and generally increases 

the culvert capacity by 5 to 20 percent depending on the type of entrance edge, wingwalls, and 

depth of headwater. 

The side-tapered inlet has an enlarged face area with tapered sidewalls that transition to the 

culvert barrel. This type of inlet provides an increase in flow capacity of 25 to 40 percent over 

that of a conventional culvert with a square edged inlet. 

The slope-tapered inlet incorporates a steeper slope or fall in the enclosed entrance portion of 

the culvert. The increase in capacity with this inlet depends on the amount of fall available, but 

up to a 100 percent increase in capacity can be achieved over a conventional culvert with a 

square edged inlet. 

The designer should refer to HDS-5 for detailed guidance on the design of improved inlets. 

8.4.12.3 SCOUR PROTECTION AND ENERGY DISSIPATORS 

Protection against scouring at a culvert outlet can be achieved using a dumped rock or select 

embankment lining, a riprap basin, or an energy dissipation structure. The geometry of a riprap 

basin (Streambed Level Structure) along with the design of other dissipator types can be 

determined using the Energy Dissipator Module of HY-8, which is based on the methods 

presented in HEC-14 published by the FHWA. 

High flow velocity in culverts or culverts where a hydraulic jump cannot be avoided at the outlet 

may require an energy dissipator device to reduce the velocity. Energy dissipators work on the 
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principle of inducing a hydraulic jump, controlling it within a resistive space, and transitioning the 

reduced velocity flow to the downstream channel. HEC-14 presents a variety of energy dissipator 

designs including the CSU basin, USBR Type IV basin, SAF stilling basin, riprap basin, and the 

VPI tumbling flow dissipator. The need for maintenance is an important consideration for such 

energy dissipators. The design should be based on HEC-14. 

The following guide should be used for selecting the most appropriate outlet protection. It is 

based on a comparison of the pre-existing stream velocity, culvert outlet velocity, and the 

maximum allowable velocity for the streambed material (listed in Table 8-4). Vo is the culvert 

outlet velocity in feet/second. It is important to note that culvert flow is typically sourced from a 

natural water course. Design methods for a rock lining should not follow those used for a storm 

sewer outfall. 

• If Vo < allowable streambed material velocity, no protection is needed. 

• If Vo > allowable streambed material velocity, use a rock lining such as dumped rock gutter 

or select embankment. This lining should be sized according to the flow shear stress. 

• If Vo > 15 fps, use a tied concrete block mattress, riprap basin, stilling basin, or energy 

dissipator. 

Tied concrete block mattresses have an allowable velocity of 30 fps for bed slopes of 20% or 

less or an allowable shear stress of 24 lbs. per square foot for bed slopes of 30% or less. 

Table 8-4 

Allowable Velocities of Streambed Material 

SOIL TEXTURE ALLOWABLE VELOCITIES (ft/sec) 

Fine sand and sandy loam (A-3) 2.5 

Silt soils (A-4, A-5, A-6) 3.0 

Silt or clayey gravel and sand (A-2) 3.5 

Clayey soils (A-6, A-7) 4.0 

Clay, fine gravel 5.0 

Cobbles 5.5 

Shale 6.0 

8.4.13 SEDIMENT/BEDLOAD 

A major concern with culverts involves the adverse effects of sediment and bedload deposition. 

Excessive deposition can partially block the culvert inlet, the barrel itself, or the outlet and reduce 

the flow carrying capacity of the culvert. This can also result in a potential flood hazard or develop 

into a costly maintenance problem. 
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Culvert locations where potential sediment problems are anticipated require a sediment 

transport analysis. Whether sediment will be deposited or be scoured will depend on the ability 

of the upstream channel and the culvert to transport sediment under varying hydraulic 

conditions. There are four types of methods to evaluate sediment deposition and scour in a 

culvert: statistical, simplistic, complex, and tractive shear. A description of these methods can 

be found in the 2005 AASHTO Model Drainage Manual, Chapter 9, Appendix C. These methods 

estimate the rate of sediment deposition versus the rate of scour or clean out under varying 

hydraulic conditions. This estimate predicts the potential for problems caused by sediment. 

In most cases, a simplistic method of assessment will be adequate unless there are extenuating 

circumstances that dictate a more complex study. The simple method is based on extreme 

conditions, and it assumes the culvert barrel will fill more than the stream bed if the culvert where 

not present. The existing channel flow line is assumed to be the limit of deposition except for 

aggrading channels. This method results in a ratio that describes the sediment movement. This 

ratio is the sediment transport ratio and is determined by the following equation: 

 

 V1,2 = Average velocity in uniform flow (ft/s) 

 n1,2 = Manning’s roughness value 

 y1,2 = Average depth of uniform flow (ft) 

In this expression the subscript 1 refers to the reach upstream of the culvert and the subscript 2 

refers to a location within the culvert. If this ratio is greater than 1 the deposition will occur in the 

vicinity of section 2. If this ratio is much greater than 1 expect nearly all the sediment carried by 

the stream to be deposited in the vicinity of section 2. Since V2 is within the culvert and an 

average velocity is taken throughout the length of the culvert. The location of section 2 can be 

taken at any point within the culvert. 

In some instances, environmental considerations may require countersinking one or more 

culvert barrels. The purpose of countersinking a culvert is to allow the pipe barrel to fill with 

streambed material up to the profile of the streambed that existed prior to the culvert’s 

installation. This is done to accommodate the passage of fish and other stream biota (see 

Section 8.4.17). Sediment transport calculations will be required to ensure that the desired depth 

of streambed material will be maintained in the culvert. Baffles may be required to hold the 

streambed material in the culvert during the design flow. 
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8.4.14 DEBRIS 

Debris is defined as any natural or manmade material in the stream that has the potential to 

block the culvert opening and prevent it from performing its function. Debris potential at a site is 

dependent on the land use in the contributing watershed and the floodplain characteristics 

upstream of the culvert. A field reconnaissance of the upstream watershed may be conducted 

with particular attention given to the presence of shrubs and trees on eroded banks, stream 

susceptibility to flash floods and storage of manmade debris in the floodplain. 

Accumulation of debris at a culvert's inlet or within the barrel could cause failure. The result 

would be increased headwater depths, flooding which can cause damage to upstream property, 

and possible roadway overtopping. Possible accumulation of debris can be reduced by avoiding 

skewed culverts and providing a well-designed inlet. 

When a high potential for debris accumulation exists, the culvert entrance should be designed 

using HEC 9 published by the FHWA. Protection should be provided where experience or field 

observations indicate that the natural water course will transport a heavy volume of controllable 

debris. Debris protection design may be submitted as a part of the culvert design. 

The type of debris protection will depend on the location. Debris interceptors can be placed at 

the entrance to the culvert or upstream of the culvert. Upstream interceptors come in the form 

of debris racks, floating drift booms, and debris basins. Culvert entrance interceptors include 

debris risers and cribs. Normally debris protection will not be considered necessary for culverts 

that carry runoff from natural watersheds, but it may be provided in areas where debris is a 

known problem. Example problem areas are where timbering or strip-mining operations exist 

upstream, locations in mountainous or steep regions where the culvert is under high fill, and 

where clean out access is limited. Maintenance access must be provided to the debris control 

device to allow for cleaning. 

8.4.15 MULTIPLE CELL CULVERTS 

Traditional culverts are sized to carry a low-frequency design discharge and are usually 

accompanied by channel modification that results in localized channel instability. The more 

common high-frequency events will flow with high-velocity, shallow flow through the culvert 

which can hinder fish passage. Traditional culverts on roadway embankments also block the 

floodplain and result in high-velocity flow concentration through the culvert, which can scour the 

outlet channel and cause “perching” of the culvert. Perched culverts can also impede fish 

passage. 

Multiple cell culverts improve channel stability as well as facilitate fish passage. They should not 

be confused with adjacent multiple-barrel culverts. Multiple cell culverts consist of one cell which 

spans the bankfull channel (conveys the channel forming discharge) and one or more cells 
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positioned in the floodplain to convey overbank flow. This arrangement reduces the flow 

concentration through the culvert, which reduces channel scour. The entire arrangement of cells 

shall follow the requirements of Section 8.3.6. 

Figure 8-8 

Multiple Cell Culverts 

 

The designer is cautioned that multiple cell culverts are not appropriate for all streams. A stream 

stability assessment should be conducted to determine if they are appropriate. Multiple cell 

culverts should be considered only on stable streams that have active floodplains. A bridge is 

more appropriate for an unstable stream or a stream with no floodplain. 

Scour protection of the floodplain cell outlets should be considered to prevent head cuts or 

erosion. 

8.4.16 COMPUTATIONAL METHODS 

Culverts can be designed using the design charts and nomographs from HDS-5 or with various 

programs. The FHWA HY-8 culvert analysis program is based on the methods presented in 

HDS-5. The results of computer applications should be spot-checked for accuracy using the 

design charts or equations. 

8.4.17 ACCOMMODATING AQUATIC LIFE MOVEMENTS 

Culverts have been determined to be barriers to passage of aquatic organisms in three ways: 

• A high drop-off at the downstream end of the culvert keeps fish from entering. With a few 

exceptions, culverts are generally installed so that the invert of the pipe matches the 

bottom of the stream elevation. The high drop-off condition develops over time because 

of two possible causes. First, the streambed elevation downstream of the culvert has 

been lowered due to erosion after the culvert was installed. Second, the water velocities 

are high enough to cause a scour hole at the outlet end of the culvert. 

• Steep, smooth culverts have flow that is too shallow and too swift for fish to swim through. 
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• Long culverts exceed the endurance limit of the fish by not providing pools for fish to rest 

in. 

Research and regulation began in the 1970’s. Most of the research in the U.S. has been focused 

along the northern Pacific coast, but efforts are increasing in the northeast and mid-Atlantic 

regions. 

Legal basis 

USACE Section 404 National Permit General Conditions, part C. 4. – Aquatic Life Movements: 

“No activity may substantially disrupt the necessary life-cycle movements of those species of 

aquatic life indigenous to the waterbody, including those species that normally migrate through 

the area, unless the activity’s primary purpose is to impound water. Culverts placed in streams 

must be installed to maintain low flow conditions.” 

West Virginia 401 Water Quality Certifications Special Conditions for Nationwide 14 Linear 

Transportation Projects states that: 

“The culvert barrel must be properly countersunk at the outlet.” 

Reference is also made to “Appendix A for recommendations on proper culvert installation.” 

These recommendations are from Oregon and Washington, and they have not been widely 

accepted or implemented in West Virginia. 

Proposed Design Methods and Policy 

The WVDOH has established a goal to accommodate aquatic life movements (ALM) where it is 

beneficial, practical, and feasible. In working toward this goal over the last few years, WVDOH 

has installed few experimental culverts which have yielded mixed results. The following design 

method and policy is proposed to implement ALM on a limited basis. 

Step 1: Determine the culvert size based on WVDOH Drainage Manual to ensure that hydraulic 

design requirements are met. Remember to consider FEMA requirements if the stream crossing 

is in a mapped flood zone. 

Step 2: Collect field data at the site to determine whether ALM is applicable. 

• List aquatic organisms present at site. Note State and Federal Rare, Threatened and 

Endangered (RTE) species in conjunction with the Environmental Section of the 

Engineering Division’s environmental document for the project. 

• Consider whether the stream is perennial, intermittent, or ephemeral. 

• Determine whether the stream is listed as a mussel stream. 

• Determine whether the stream is a trout stream or an intermittent tributary of a trout 

stream. 



WVDOH DRAINAGE MANUAL 2007 

CHAPTER 8 CULVERTS ADDENDUM 3 PAGE 8-33 

• Measure bankfull width, bankfull maximum depth, and channel slope. 

Step 3: Based on the data collected in step 2, determine whether ALM is appropriate. 

• If the stream supports aquatic life, then ALM should be considered. Regulation of this 

issue is still developing. Building a stream crossing to accommodate ALM may be 

required, or it may be considered as mitigation of stream impacts. 

• If ALM is not appropriate, then size the stream crossing based on the hydraulic culvert 

design performed in step 1. 

Step 4: Determine whether the stream crossing should have an open bottom structure such as 

a bridge, 3-sided structure, or a closed cell culvert with natural stream bed material. Based on 

WVDOH calculations and current practice of other agencies, a stream slope of 5% is the upper 

limit for closed cell culverts with natural stream bed material. If the channel slope is less than 

5%, follow steps 5 through 10 for closed cell culvert design. If the channel slope is greater than 

5%, follow steps 11 through 14 for open bottom structure design. 

Culverts 

Step 5: Set the culvert width equal to the bankfull channel width. Investigate which structure 

types will be appropriate for this width. 

Step 6: Determine what measures will be needed to ensure that the culvert will have adequate 

substrate and structure to allow ALM. Some culverts may be set at a low elevation and be 

expected fill in naturally over time. Others will require streambed material placement inside the 

culvert. 

Step 7: For culverts that require streambed material placement inside the culvert, determine the 

size and thickness of the material to fill the bottom of the culvert. Based on current information: 

D50 = 15.6dS 

 D50 = the median size of well graded stream bed material (ft) 

 d = bankfull maximum depth (ft) 

 S = channel slope (ft/ft) 

The thickness of the stream bed material should be approximately 2D50. 

Step 8: Determine the culvert height based on steam bed material thickness and bankfull 

maximum depth. 

Step 9: Determine which structure sizes and types are acceptable based on fill heights and 

hydraulic requirements in step 1. 

Step 10: Complete final design of culvert. 
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Bridges and three-sided structures 

Step 11: Set the structure width equal to or greater than the bankfull channel width. Investigate 

which structure types will be appropriate for this width. 

Step 12: Perform bridge scour analysis. 

Step 13: Obtain core borings. 

Step 14: Design the structure and foundations. 

All stream crossings 

Step 15: Prepare drawings and quantity tables for the permit applications. 

8.5 CULVERT DESIGN PROCEDURE 

The following is a step-by-step procedure to determine the minimum size of a culvert. While it is 

possible to follow the design method without an understanding of culvert hydraulics, it is not 

recommended as it can result in an inadequate and possibly unsafe structure. Therefore, the 

designer is advised to become familiar with the detailed procedures here. More information is 

provided in HDS-5. 

Step 1: Assemble site data and culvert project file. 

a. Minimum data are: 

• USGS site and location maps 

• Embankment cross sections 

• Roadway profile 

• Existing channel profile 

• Photographs 

• Field visit (check for downstream controls, sediment, debris, erosion, high water 

marks, etc.) 

• Surveyed elevations of nearby structures and design data of nearby hydraulic 

structures 

b. Studies by other agencies including: 

• Small dams (NRCS, USGS, etc.) 

• Floodplain (NRCS, FEMA, USGS, NOAA, USACE, etc.) 

• Storm drain (local or private) 

c. Environmental constraints including: 



WVDOH DRAINAGE MANUAL 2007 

CHAPTER 8 CULVERTS ADDENDUM 3 PAGE 8-35 

• Commitments contained in Environmental documents 

• Environmental mitigation 

• Aquatic life movement, see Section 8.4.17 

d. Review Design Criteria in Section 8.3, and the design directives 

Step 2: Calculate design discharge (Q): 

a. Determine design frequency based on the design criteria for the roadway classification. 

b. Determine Q from Form 4-1 or Form 4-2 (Chapter 4) 

c. Divide Q by the total number of barrels, if more than one barrel is used. 

Step 3: Determine tailwater conditions based on the downstream channel and stream flow: 

a. Review Chapter 7 

b. Minimum data are cross sections, an estimate of Manning's roughness coefficient for 

stream, geometry of channel and investigation of downstream controls. 

Step 4: Summarize data on Form 8-1 (see Section 8.6): 

a. Fill in data from step 2. 

b. Fill in all other information including station, location, description, project number, etc. 

c. Determine maximum allowable headwater (in feet), which is the vertical distance from 

the culvert inlet invert (flow line) to the allowable water surface elevation in the 

headwater pool or approach channel upstream of the culvert. 

Step 5: Select the design alternative. 

a. Choose culvert material, shape, entrance type, and trial size (for example, using inlet 

control nomographs, assume HW/D = 1.2 with the design discharge and determine a 

preliminary size). If the trial size is too large in dimension because of limited height of 

embankment or availability of size, multiple culverts may be considered by dividing the 

discharge equally between the number of barrels. Consider raising the embankment 

height or the use of a pipe arch or box culvert with a width greater than the height. Final 

selection should be based on an economic analysis of the alternatives. 

b. Review the West Virginia Standard Specifications and Standard Details to ensure 

compliance and evaluate the need for special details or special provisions. 

Step 6: Determine inlet control headwater depth (HW i) 

Use the inlet control nomographs in Section 8.6 for the selected culvert shape and material. 

a. Locate the size or height on the scale. 
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b. Locate the discharge. 

• For a circular or arch shape use discharge 

• For a box shape use Q per foot of width 

c. Locate HW/D ratio 

• Use a straight edge. 

• Extend a straight line from the culvert size through the flow rate. 

• Mark the first HW/D scale. Extend a horizontal line to the scale for the end treatment 

to be used and read HW/D and note it on Form 8-1. 

d. Calculate headwater depth (HWi) 

• Multiply HW/D by D (pipe diameter if circular shape, height of culvert if box shape or 

arch shape is used) to obtain HW. 

• Neglecting the approach velocity HW i = HW 

• Including the approach velocity HW i = HW - approach velocity head. 

Step 7: Determine outlet control headwater depth at inlet (HW O) 

a. Calculate the normal depth (d n) in feet above the outlet invert using the design flow rate 

(single section) or using a backwater profile for the downstream channel. A measurable 

tailwater (TW) should also be noted here. 

b. Calculate critical depth (d C) using appropriate charts in Section 8.6. 

• Locate flow rate and read d C (A is the area of flow) 

• d C cannot exceed D 

c. Calculate (d C + D)/2 

d. Determine (h o) 

h O = the larger of the measurable TW, normal depth, or (d C + D) / 2 

e. Determine the Entrance Loss Coefficient (k e) used to determine the entrance head loss 

(H e). Coefficient k e is multiplied by the velocity head (V 2 / 2 g) to determine the head 

loss at the entrance to a culvert operating full or partially full with control at the outlet. 

Entrance loss coefficients for various inlet configurations are provided in Table 8-3. 

f. Determine the total head losses (H L). 

• Use outlet control nomographs. 

• Locate appropriate k e scale. 
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• Locate culvert length (L) or (L1): 

• Use (L) if Manning’s n matches the n value of the culvert and use (L1) to adjust for a 

different culvert n value. 

• L1 = L (n 1 / n) 2 

• Mark point on turning line: 

• Use a straight edge and connect culvert size with the length on the appropriate ke 

scale and mark a point on the turning line. 

• Read (H L). 

• Use a straight edge, 

• Connect discharge (Q) and mark on the turning line, 

• Read (H L) on Head Loss Scale. 

g. Calculate outlet control headwater (HW O). 

HW O = H L + h O – LS O 

 S O = slope of culvert (ft/ft) 

 L = length of culvert (ft) 

Therefore, LS O is the difference in elevation of the invert in and invert out of the culvert (fall 

through the culvert). 

Step 8: Determine controlling headwater (HW). 

a. Compare HW i and HW O. The higher headwater governs and indicates the flow control 

existing under the given conditions for the trial size selected. 

b. If outlet control governs and the HW is higher than is acceptable, select a larger trial size 

and return to Step 7. 

Step 9: Compute Outlet Velocity and Depth. 

a. If inlet control governs, outlet velocity can be assumed to be equal to the mean velocity 

in open channel flow within the barrel as computed by Manning’s equation for the rate of 

flow, barrel size, roughness, and slope of the selected culvert. 

b. If outlet control governs: 

• Use d C if d C > TW 

• Use TW if d C < TW < D 

• Use D if D < TW 
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• Calculate flow area A 

• Calculate exit velocity V = Q / A. 

Step 10: Determine need for Culvert Outlet Protection. 

a. Determine mean and maximum allowable flow velocities for the natural stream. 

b. Design protection based on Section 8.4.12.3. 

Step 11: Review Results: 

Analyze the design alternative constraints and assumptions made in the design process. If any 

of the following constraints are not met, repeat steps 5 through 10 with another alternative 

design: 

a. Allowable headwater is not exceeded. 

b. Check storm criteria in Chapter 4 are met. 

c. Culvert barrel material has adequate cover. 

d. Actual length of the culvert is close to the approximated length. 

e. Culvert end treatments can be accommodated by site conditions. 

f. Allowable velocity is not exceeded. 

If the above constraints are satisfied: 

• Record final selection of culvert with size, type, required headwater, outlet velocity, 

and economic justification under recommendation on Form 8-1. 

Step 12: Prepare a report if needed and file with the background information. 

8.6 COMPUTATION FORMS AND DESIGN CHARTS  

Nomographs, charts, computation forms, step-by-step procedures, and example problems 

pertaining to all aspects of hydraulic design of highway culverts can be found in HDS-5. Refer 

to the HDS-5 for complex situations not covered by the charts included in this section. 
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Form 8-1 

Culvert Design Form 
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Chart 8-1 

C.M. Pipe Culverts with Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-2 

Standard C.M. Pipe Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-3 

Structural Plate C.M. Pipe Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005  
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Chart 8-4 

Concrete Pipe Culverts with Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-5 

Concrete Pipe Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-6 

HDPE Pipe Culverts with Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-7 

HDPE Pipe Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-8 

Critical Depth for Circular Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-9 

Critical Depth for Circular Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-10 

Critical Depth for Circular Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-11 

Critical Depth for Circular Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-12 

Critical Depth for Circular Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-13 

Critical Depth for Circular Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-14 

Box Culverts with Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-15 

Concrete Box Culverts Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-16 

Critical Depth for Box Culverts 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-17 

Standard Arch Pipe Details 

 

Source: Handbook of Steel Drainage Products, American Iron & Steel Inst., 1994 
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Chart 8-18 

Arch Pipe with 18-inch Corner Radius Details 

 

Source: Handbook of Steel Drainage Products, American Iron & Steel Inst., 1994 



WVDOH DRAINAGE MANUAL  2007 

PAGE 8-58 CHAPTER 8 CULVERTS ADDENDUM 3 

Chart 8-19 

Standard C.M. Pipe Arch Culverts with Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-20 

Standard C.M. Pipe Arch Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-21 

Str. Plate Pipe Arch (18” corner rad.) Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-22 

Hydraulic Elements for Partially Full C.M. Pipe Arch 

 

Source: Handbook of Steel Drainage Products, American Iron & Steel Inst., 1994 
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Chart 8-23 

Hydraulic Elements for Partially Full C.M. Pipe Arch Example 

 

24 X 35 pipe, n = 0.024, Slope = 0.02, Qfull /S 0.5 = 192 (Table 8-5) 

Given:  Dfull = 24 in, Q = 12 cfs 

Qfull = 192*(0.02)0.5 = 27.2 cfs 

Required: depth at Q, velocity at Q 

Solution:  Q / Qfull = 12/27.2 = 0.44 

From figure for hydraulic elements, d / dfull = 0.435 

d = dfull x 0.435 = 10.4 in 

From figure for hydraulic elements, A / Afull = 0.465 (Afull from Table 8-5) 

A = Afull x 0.465 = 2.1 ft2 

V = Q / A = 12 / 2.1 = 5.7 ft/s 
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Table 8-5 

Full Flow Values for C.M. Pipe Arch 

 

Source: American Concrete Pipe Association Publication 
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Chart 8-24 

Critical Depth for Pipe Arch 2-2/3 x 1/2 in. Corrugation  

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-25 

Critical Depth for Pipe Arch 2-2/3 x 1/2 in. Corrugation 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-26 

Critical Depth for Pipe Arch 2-2/3 x 1/2 in. Corrugation 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-27 

Critical Depth for Pipe Arch 3 x 1 or 5 x 1 in. Corrugation  

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-28 

Critical Depth for Pipe Arch 3 x 1 or 5 x 1 in. Corrugation  

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-29 

Critical Depth Str. Plate Pipe Arch 6 x 2 in. Corrugation 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-30 

Critical Depth Str. Plate Pipe Arch 6 x 2 in. Corrugation 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-31 

Critical Depth Str. Plate Pipe Arch 6 x 2 in. Corrugation 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-32 

Horizontal Elliptical Concrete Pipe with Inlet Control 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-33 

Hydraulic Elements for Partially Full Horizontal Elliptical Concrete Pipe 

 

Source: Handbook of Steel Drainage Products, American Iron & Steel Inst., 1994 
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Chart 8-34 

Hydraulic Elements for Partially Full Horizontal Elliptical Concrete Pipe 

Example 

 

24 X 38 pipe, n = 0.012, Slope = 0.02, Qfull / S 0.5 = 456 (from Table 8-6) 

Given:  Dfull = 24 in, Q = 32.2 cfs 

Qfull = 456*(0.02)0.5 = 64.5 cfs 

Required: depth at Q, velocity at Q 

Solution:  Q / Qfull = 32.2/64.5 = 0.5 

From figure for hydraulic elements, d / dfull = 0.5 

d = dfull x 0.5 = 12 in 

Vfull = Qfull / Afull = 64.5 / 5.1 = 12.6 (Afull from Table 8-7) 

From figure for hydraulic elements, V / Vfull = 1 

V = Vfull x 1 = 12.6 ft/s 
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Table 8-6 

Full Flow Values for Horizontal Elliptical Concrete Pipe 

 

Source: Handbook of Steel Drainage Products, American Iron & Steel Inst., 1994 
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Chart 8-35 

Horizontal Elliptical Concrete Pipe Flowing Full 

 

Source: Hydraulic Design of Highway Culverts, HDS-5, FHWA, 2005 
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Chart 8-36 

Critical Depth for Horizontal Elliptical Concrete Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-37 

Critical Depth for Horizontal Elliptical Concrete Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-38 

Critical Depth for Horizontal Elliptical Concrete Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-39 

Critical Depth for Horizontal Elliptical Concrete Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Chart 8-40 

Critical Depth for Horizontal Elliptical Concrete Pipe 

 

Created by the WVDOH Hydraulic and Drainage Unit 
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Figure 8-9 

Elliptical Pipe Flow Area 

 

This chart provides equations for calculating the flow area for any flow depth within an elliptical 

pipe. It can be useful for calculating the critical depth of flow using the critical depth equation 

(see Section 8.4.5.1). 
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