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Announcement of Research Projects 
The annual “Announcement of Research Projects” is no longer mailed to individuals. Instead, e-mail 

notification is made. Recipients are encouraged to share this announcement with colleagues. 
 

The National Cooperative Highway Research 
Program (NCHRP) is supported on a continuing basis 
by funds from participating member departments of the 
American Association of State Highway and Transporta-
tion Officials (AASHTO), with the cooperation and sup-
port of the Federal Highway Administration, U.S. 
Department of Transportation. The NCHRP is adminis-
tered by the National Research Council’s Transportation 
Research Board (TRB). The NCHRP is an applied con-
tract research program totally committed to providing 
timely solutions to operational problems facing high-
way and transportation practitioners and administrators. 

Each year, AASHTO refers a research program 
to the TRB consisting of high-priority problems for 
which solutions are urgently required by the states. The 
AASHTO program for FY 2010 is expected to include 
19 continuations, 35 new projects, and 1 project contin-
gent on additional funds becoming available. 

This announcement contains preliminary de-
scriptions of only those new projects expected to be ad-
vertised for competitive proposals. Detailed Project 
Statements (i.e., Requests for Proposals) for these new 
projects will be developed beginning in August 2009. 

Please note that NCHRP Research Project 
Statements for soliciting proposals are available only 
on the World Wide Web. Project Statements are not 
mailed. Those who have an interest in receiving Re-
search Project Statements must periodically browse 
the NCHRP World Wide Web site or register on the 

website (http://trb.org/nchrp) if you have not already 
done so. Upon registration, you will receive an e-mail 
notification of every Project Statement posting and 
an e-mail notification of new anticipated projects in 
future years. 

Because NCHRP projects seek practical reme-
dies for operational problems, it is emphasized that pro-
posals not evidencing strong capability gained through 
extensive successful experiences in the relevant problem 
area stand little chance of being selected. Consequently, 
any agency interested in submitting a proposal should 
first make a frank, thorough self-appraisal to determine 
whether it possesses the capability and experience neces-
sary to ensure successful completion of the project. The 
specifications for preparing proposals are quite strict and 
are set forth in the brochure entitled Information and 
Instructions for Preparing Proposals. Proposals will be 
rejected if they are not prepared in strict confor-
mance with the section entitled “Instructions for 
Preparing and Submitting Proposals.” The brochure 
is available on the Internet at the website referenced 
above. 

 
Address inquiries to: 
Crawford F. Jencks 
Deputy Director 
Cooperative Research Programs 
Transportation Research Board 
cjencks@nas.edu 

 
 
 
 

IMPORTANT NOTICE 
 
Potential proposers should understand clearly that the research program described herein is tentative. The final program will 
depend on the level of funding available from the Federal-aid apportionments for FY 2010. Meanwhile, to ensure that research con-
tracts can be executed as soon as possible after the beginning of the fiscal year, the NCHRP is proceeding with the customary se-
quence of events through the point of agency selection for all projects. The first round of detailed project statements will be available 
in August and September 2009; proposals will be due in October and November 2009, and agency selections will be made in Novem-
ber and December 2009. This places the risk of incurring proposal costs at the election of the research agencies. Beyond the point of 
selecting agencies, all activity relative to the FY 2010 program will cease until the funding authorization is known. These circum-
stances of uncertainty are beyond NCHRP control and are covered here so that potential proposers will be aware of the risk inherent in 
electing to propose on tentative projects. 
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01-48 C-15 Integrating Pavement Preservation into the Design Process 1 
01-49 D-14 Guidelines for Forensic Evaluation of Highway Pavements 1 
08-77 B-03 Developing Regional Historic Contexts for Post-World War II Housing 2 
08-78 B-10 Develop Bicycle/Pedestrian Demand Model to Measure Bicycle/Pedestrian Activity 

and Relationship to Land Use 
3 

08-79 B-23 Identifying Credible Alternatives for Producing 5-year CTPP Data Products from the 
ACS 

4 

09-49 D-06/ 
D-08 

Long Term Field Performance of Warm Mix Asphalt Technologies 4 

10-80 C-01 Conversion of the AASHTO "Standard Specifications for Structural Supports for 
Highway Signs, Luminaires and Traffic Signals" to the Load and Resistance Factor 
Design (LRFD) Methodology 

6 

10-81 D-13 Evaluation of Fuel Usage Factors in Highway Construction 6 
10-82 D-16/ 

F-06 
Performance Related Specifications (PRS) for Pavement Preservation Treatments 8 

10-83 D-24 Alternative Quality Systems for Application in Highway Construction 8 
12-85 C-02 Roadway Bridges Fire Hazard Assessment 11 
12-86 C-03 Bridge System Safety and Redundancy 12 
14-20 F-01/ 

F-04 
Quantifying the Costs and Risks of Delayed Maintenance 13 

14-21 F-03 Optimization of Resource Allocation for Highway Preservation Needs 14 
14-22 F-11 Effective Removal of Pavement Markings 14 
15-39 C-10 Superelevation Criteria for Sharp Horizontal Curves on Steep Grades 16 
15-40 C-11 Designing the Roadway Transition from Rural Highways to Urban/Suburban High-

ways or Streets 
17 

15-41 C-13 Updated Headlamp Design Criteria for Sag Vertical Curves 18 
15-42 G-27 Use of Bicycle Lanes for Various Roadway Characteristics 18 
16-05 C-22 Development of Cost-Effective Treatments of Roadside Ditches to Reduce the Num-

ber and Severity of Roadside Crashes 
19 

17-46 G-02 Comprehensive Analysis Framework for Safety Investment Decisions 20 
17-47 G-03 Human Factors Guidelines for Road Systems-Phase IV 21 
17-48 G-05 Development of a Strategic National Highway Infrastructure Safety Research Agenda 22 

20-83(06)  Effects of Socio-Demographics on Travel Demand 22 
20-83(07)  Sustainable Transportation Systems and Sustainability as an Organizing Principle for 

Transportation Agencies 
24 

20-84 D-21 Streamline and Simplify Right-of-Way Procedures and Business Practice 25 
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20-85 F-10 Wind, Solar and Ground-Source Energy for Maintenance Area Facilities 26 
20-86 SP-01 Skill Set Requirements and Career Opportunity Awareness for Transportation Sys-

tems Operation and Management Needs at High School and College Levels 
27 

22-20(02) C-07 Design of TL-5 Roadside Barrier Systems Placed on MSE Retaining Walls 27 
24-34 E-09 Risk-Based Approach to Bridge Scour Prediction 28 
25-32 B-22 Enhanced Stormwater Treatment BMPs in Highly Urbanized Areas 30 
25-33 C-18 Evaluation of the Methodologies for Visual Impact Assessments 31 
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SUMMARY OF APPROVED RESEARCH PROJECTS 
 
♦ Project 01-48 
Integrating Pavement Preservation into the Design 
Process 
 
Research Field: Design 
Source: California 
Allocation: $500,000 
NCHRP Staff: Amir N. Hanna 
 

State highway agencies increasingly focus 
their attention on a pavement preservation approach 
for keeping sound pavement assets longer and ef-
fectively addressing poor pavements. Pavement 
preservation is a proactive approach, and it should 
be considered in the beginning of the design process 
because preservation activity will have an impact on 
the pavement performance and service life. Cur-
rently the mechanistic-empirical pavement design 
guide only considers the process for designing new 
pavements or rehabilitation. There is no considera-
tion for intermediate treatments to preserve the 
functional characteristics of the pavement surface 
prior to rehabilitation. Research is needed to de-
velop a preservation module for the mechanistic-
empirical pavement design guide to properly incor-
porate any planned pavement preservation activities 
into the design process. 

The objective of this project is to develop in-
formation that can be incorporated into further en-
hancements of the mechanistic-empirical pavement 
design process. The research will develop predic-
tion models for the performance of pavement pres-
ervation treatments that could be incorporated in the 
design process. This objective will be accomplished 
through the following tasks: 
 
1. Collect all available data and materials associ-

ated with pavement preservation treatments. 
2. Identify the elements in pavement preservation 

treatments that need to be incorporated into the 
mechanistic-empirical design process. 

3. Prepare a draft preservation module for the de-
sign process and beta test with user agencies. 

4. Develop a methodology to evaluate new and 
innovative treatments. 

5. Finalize the preservation module based on feed-
back from user agencies. 

 

Note: The research being performed under SHRP 2 
Project R-26, Preservation Approaches on High 
Traffic Volume Roadways should be reviewed as 
part of this research. 
 
 
♦ Project 01-49 
Guidelines for Forensic Evaluation of Highway 
Pavements 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-
tee on Design 
Allocation: $400,000 
NCHRP Staff: Amir N. Hanna 

 
Careful, efficient, and well planned forensic 

evaluation of highway pavements is essential to 
cost-effective management of pavement assets. 
Such investigation is appropriately undertaken un-
der several circumstances, such as (1) in the event 
of premature pavement failure for the purpose of 
understanding the underlying cause or causes of 
failure; (2) as part of data collection undertaken to 
support development and/or calibration of perform-
ance prediction models, including local calibration 
of the Mechanistic Empirical Pavement Design 
Guide (MEPDG); (3) as a part of more general 
pavement research efforts to obtain the information 
needed to fully document and understand observed 
performance; and (4) in the event of pavements that 
have performed exceptionally well, for the purpose 
of understanding the factors contributing to their 
longevity. 

Guidance is needed to assist agencies in 
planning and conducting appropriate and cost-
effective forensic investigations that provide the 
data needed to support well founded conclusions 
with minimum disruption to traffic and minimum 
risk to agency personnel, contractors, and the mo-
toring public. This Guidance must identify the pro-
cedures and means for adequately planning and 
conducting a thorough post construction investiga-
tion. Guidance for forensic investigation of Long 
Term Pavement Performance Program test sections 
has been developed and documented in Framework 
for LTPP Forensic Investigations. The need exists 



 

2 

to build upon this and other available information to 
develop generally applicable guidance that highway 
agencies can use in conducting forensic investiga-
tion to meet individual agency needs.  

The objective of this research is to develop 
generally applicable guidelines for forensic evalua-
tion of highway pavements. These guidelines will 
be based on the currently available information and 
refinements as a result of trial application in several 
forensic investigations. 

 
 

♦ Project 08-77 
Developing Regional Historic Contexts for Post-
World War II Housing 
 
Research Field: Transportation Planning 
Source: AASHTO Standing Committee 

on the Environment 
Allocation: $250,000 
NCHRP Staff: Lori S. Sundstrom 
 

The purpose of this research is to conduct a 
demonstration project for developing a model re-
gional or state historic context that determines Na-
tional Register eligibility and non-eligibility of post-
World War II housing in order to avoid delays in 
project delivery and increased project costs associ-
ated with potentially eligible houses affected by 
transportation projects. This context would be used 
for evaluating the eligibility of properties located 
within transportation project areas and replace cur-
rent piecemeal and project-by-project National Reg-
ister evaluations.  

Huge numbers of post-World War II houses, 
located in every city, town, suburb, and rural area, 
are either currently historic (i.e., more than 50 years 
old) or will soon become historic, and thus poten-
tially eligible for listing in the National Register of 
Historic Places. If these properties are eligible for 
listing in the National Register, FHWA and state 
DOTs will be required to take into account the ef-
fects of their projects on these properties, pursuant 
to Section 106 of the National Historic Preservation 
Act. The houses eligible for listing in the National 
Register would also be protected under Section 4(f) 
of the Department of Transportation Act. 

Developing an effective national framework 
for determining National Register eligibility and 
non-eligibility of post-World War II housing is 

critical. The proposed approach is very similar to 
that taken when the Interstate Highway System 
turned 50 years old in 2006 and became eligible for 
listing in the National Register. The FHWA and the 
Advisory Council on Historic Preservation (ACHP) 
proactively implemented a national solution, and 
the FHWA worked with the ACHP on an adminis-
trative approach to addressing the Interstate System 
and Section 106 compliance.  

A demonstration project for developing re-
gional or state historic contexts will provide a stan-
dard framework for state DOTs to effectively 
evaluate the National Register eligibility of post-
World War II housing. Further, the use of these 
contexts will result in lower future project costs and 
expedited project schedules and will result in fewer 
interagency conflicts when compared to current, 
standard property-by-property and project-by-
project National Register evaluations.  

As postwar suburbs approach 50 years of 
age, they are being included in local surveys and are 
being evaluated according to National Register cri-
teria. Several houses having exceptional signifi-
cance are already listed in the National Register of 
Historic Places. Because of the passage of time, the 
number of houses eligible for listing in the National 
Register will increase dramatically in the next dec-
ade, presenting a major challenge to decision mak-
ers and preservation planners. Post-World War II 
housing is ubiquitous across the country, consisting 
of thousands of properties. This is especially the 
case for western cities. For example, Tucson, Ari-
zona, has over 40,000 post-World War II houses 
(Tucson’s Post World War II Residential Suburban 
Development, 1945-1973). The smaller community 
of Scottsdale, Arizona, has around 14,000 homes 
from this era (Scottsdale, Arizona Neighborhood 
Historic Districts Context). The number of post-
World War II houses in more rural locations is also 
substantial. In James City County, Virginia, for ex-
ample, the pre-1958 housing stock was about 1,400 
units. After 1958, this number rose to over 24,000 
homes (Tony Opperman, Virginia DOT, personal 
communication).  

The looming Section 106 and Section 4(f) 
administrative burden associated with these proper-
ties will be tremendous. If state DOTs follow stan-
dard approaches for identifying and evaluating the 
National Register eligibility of these post-World 
War II properties, state DOTs will be evaluating 
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thousands upon thousands of individual post-World 
War II houses over the next several years, increas-
ing current Section 106 and Section 4(f) administra-
tive burdens, increasing project costs, and delaying 
project delivery. State DOT cultural resource man-
agement staff workloads could double. State His-
toric Preservation Office staff will be similarly 
affected.  

Unless post-World War II housing is ad-
dressed in a programmatic fashion, each instance of 
a potentially National Register eligible house will 
be the subject of negotiation between every state’s 
DOT and FHWA staff and State Historic Preserva-
tion Office (SHPO) staff. In addition to providing a 
cost-effective and efficient means of addressing this 
distinct housing type, and given that these proper-
ties vary little across the country in terms of struc-
ture and design, a national approach will provide 
national consistency and predictability in the im-
plementation of Section 106 and Section 4(f) re-
quirements. At a minimum, the following questions 
which must be addressed include: (1) the determina-
tion of the characteristics that make a post-World 
War II house eligible, (2) how many modifications 
and alterations would make a house ineligible, (3) 
whether individual houses are eligible, (4) whether 
an otherwise eligible house must be situated in a 
neighborhood of other post-World War II houses, 
(5) and how much of a neighborhood needs to retain 
its original character to be considered a district eli-
gible for listing in the National Register.  

After the completion of the demonstration 
project, the resulting model historic context and as-
sociated guidance should be disseminated among all 
state DOTs and SHPOs. It may also be appropriate 
to use the results of the demonstration project to 
develop a national strategy for dealing with this 
property type in the context of Section 106 and Sec-
tion 4(f) compliance. The latter would require the 
involvement of the FHWA, the ACHP and organi-
zations such as the National Council of SHPOs, and 
possibly the National Trust for Historic Preserva-
tion. 

 
Note: The Federal Highway Administration will set 
aside $100,000 to assist in the implementation of 
results. 
 
 

♦ Project 08-78 
Develop Bicycle/Pedestrian Demand Model to 
Measure Bicycle/Pedestrian Activity and Relation-
ship to Land Use 
 
Research Field: Transportation Planning 
Source: California 
Allocation: $300,000 
NCHRP Staff: Nanda Srinivasan 
 
 Nationally, there is a substantial lack of 
credible bicycle/pedestrian demand model data. 
There are existing data sources such as the U.S. 
Census Journey-to-Work and the National House-
hold Travel Survey that document bicy-
cle/pedestrian activity, but these sources are for 
work commute trips and do not indicate how many 
bicyclists/pedestrians there are at specific locations.  
 Regional/local counts and surveys are not 
utilizing consistent methodologies that provide un-
derstandable bicycle/pedestrian activity trends and 
relationships to demographic, social, and physical 
factors. Inconsistent methodologies and minimal 
credible counts inhibit transportation professionals 
in local and regional planning and invest in bicy-
cle/pedestrian infrastructure. Adequate bicy-
cle/pedestrian infrastructure provides safety, 
economic, and health benefits locally, regionally, 
and nationally. Land use and infrastructure im-
provements will potentially increase bicycling and 
walking activities.  
 This project will produce a national bicy-
cle/pedestrian demand model and database to meas-
ure bicycle/pedestrian activity and land use. The 
need for a national demand model that can accu-
rately measure bicycle/pedestrian activity trends 
and provide credible data for smart growth land-use 
projects has long been recognized. The aim to pro-
duce a national bicycle/pedestrian database of count 
information that can be used to develop a national 
database/demand model will provide local, regional, 
and national transportation planners and officials 
with the information and tools needed to better un-
derstand walking and bicycling rates, patterns, rela-
tionships, and trends for various areas of the 
country. This demand model tool can provide im-
proved data analysis of proposed land-use projects 
that have smart growth attributes such as urban in-
fill, pedestrian, transit-oriented, and mixed land-use 
developments.  
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♦ Project 08-79 
Identifying Credible Alternatives for Producing 5-
year CTPP Data Products from the ACS 
 
Research Field: Transportation Planning 
Source: AASHTO Standing Committee 

on Planning 
Allocation: $550,000 
NCHRP Staff: Nanda Srinivasan 
 
 In 2006, AASHTO approved a new Census 
Transportation Planning Products (CTPP) program 
to provide vital home, work place, and journey-to-
work data for effective transportation planning and 
policy analysis. The CTPP will use data from the 
Census Bureau’s new American Community Survey 
(ACS) to produce 3-year and 5-year data tabulations 
to support a host of state and local transportation 
planning efforts, including air quality and environ-
mental analyses, transit studies, policy and invest-
ment scenarios, and travel demand modeling. For 
the past 4 decades the transportation planning 
community has relied on CTPP data products de-
veloped from the decennial Census “long form” for 
travel demand forecasting, policy analysis and pro-
ject planning. The CTPP data products were de-
signed by the states and metropolitan planning 
organizations (MPOs) and represent one of the most 
used and recognized data sources. In 2005, when 
the U.S. Census Bureau decided to eliminate the 
“long form” and replace it with the ACS, the states 
and MPOs responded with NCHRP Report 588 in 
an attempt to understand how to use this new data. 
The research proposed in this problem statement is 
an outgrowth of that work. 
 Over the years, transportation planning 
mandates and requirements have increasingly called 
for census data at finer levels of granularity for 
smaller and smaller areas of geography. For exam-
ple, in travel demand modeling, data is typically 
required for smaller geographic units defined as 
Traffic Analysis Zones (TAZs). However, because 
TAZs tend to be small, data for many geographic 
areas will be suppressed under new Census Bureau 
disclosure rules aimed at protecting an individual’s 
confidentiality. Therefore, to meet the critical trans-
portation planning needs for data, credible alterna-
tive methods must be identified for producing 5-
year small area, TAZ-level data using the ACS. 
 The objectives of this research are to: 

 
1. Refine and clarify transportation community 

acceptance, requirements, and needs for syn-
thetic data. 

2. Conduct research and identify credible synthetic 
data techniques. 

 
 
♦ Project 09-49 
Long Term Field Performance of Warm Mix As-
phalt Technologies  
 
Research Field: Materials and Construction 
Source: AASHTO Highway Subcommit-

tee on Materials 
Allocation: $1,500,000 
NCHRP Staff: Edward T. Harrigan 
 
 The hot mix asphalt (HMA) industry has 
embarked on a program to substantially reduce mix 
production temperatures. Reduced mix production 
and paving temperatures can (1) decrease the en-
ergy required to make HMA, (2) reduce emissions 
and odors from plants, and (3) improve the working 
conditions at the plant and paving site. 
 The term warm mix asphalt (WMA) refers 
to technologies, including various proprietary prod-
ucts and processes, that allow substantially reduced 
HMA mix production temperatures. Because these 
technologies were often intended originally to en-
hance compaction, they may also have positive im-
pacts on HMA performance. Such technologies 
should make in-place density easier to achieve be-
cause they improve the workability of the mix. The 
majority of aging in an asphalt mixture takes place 
during mix production when it is exposed to ele-
vated temperatures. By reducing mix production 
temperature, less oxidative hardening will take 
place, which should reduce the asphalt mixture's 
susceptibility to cracking.  
 WMA technology poses some potential en-
gineering challenges. Reduced hardening during 
WMA production can increase its susceptibility to 
permanent deformation. In addition, traffic may not 
be allowed on the pavement at the conclusion of the 
compaction process until the mixture cools beyond 
what is normally required for conventional HMA. 
Strategies such as the use of higher asphalt binder 
performance grades and stone matrix mixes can ad-
dress this issue. 
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 Furthermore, since binders in WMA mix-
tures may be softer than expected and since some 
WMA technologies use water as a workability aid, 
WMA mixtures may be susceptible to moisture 
damage. This is an issue with some HMA mixtures, 
of course, but with WMA mixtures there is the pos-
sibility of inadequately dried aggregates at the 
lower production temperatures and/or the introduc-
tion of additional moisture to the mix from the 
WMA technology/process, and this may affect the 
binder to aggregate adhesion, moisture susceptibil-
ity, and performance. The extent to which each of 
the different types of WMA technologies will im-
pact moisture sensitivity needs to be established in 
order to provide unbiased moisture performance 
data and WMA usage guidance to state DOTs, con-
tractors, and asphalt pavement producers. 
 Acceptance of new technologies depends on 
their long-term performance and associated life cy-
cle cost analysis as compared to conventional tech-
nologies. NCHRP Project 9-47A is identifying new 
and existing WMA projects from which materials 
and short-term performance data can be obtained 
for comparison with HMA. This project will con-
tinue Project 9-47A with emphasis on (1) the long-
term performance, including moisture susceptibility, 
of these WMA projects; and (2) methods to assess 
and remediate any potential WMA moisture suscep-
tibility issues. 
 The objectives of this research are to (1) de-
velop relationships among engineering properties of 
WMA mixtures and the long term field performance 
of pavements constructed with them, (2) provide 
relative performance measures of pavements con-
structed with WMA and conventional HMA tech-
nologies, and (3) investigate the moisture 
susceptibility of WMA technologies compared to 
HMA. Active, close coordination with NCHRP Pro-
ject 9-47A will be required at all stages of this pro-
ject. 
 The following phases (conducted concur-
rently) and tasks are anticipated to accomplish these 
objectives: 
 
Phase I, Moisture Susceptibility of WMA 
(1) Critically review the literature to identify (i) ex-
isting WMA moisture susceptibility studies, espe-
cially those which compare laboratory data to field 
data; (ii) available moisture susceptibility tests; and 
(iii) existing WMA pavement projects within the 

U.S. with available moisture susceptibility test re-
sults; (2) define a plan for evaluating WMA mois-
ture susceptibility in the laboratory; (3) evaluate test 
devices and test procedures (including AASHTO 
T283, Standard Method of Test for Resistance of 
Compacted HMA to Moisture-Induced Damage, 
AASHTO Water Boil Test for loose coated aggre-
gates, Georgia DOT Triple Freeze Thaw Testing, 
Hamburg Wheel Track Testing, and Stripping In-
flection Point) for use in the laboratory study and 
provide justification for those recommended for 
use; (4) define a plan for comparing and relating 
moisture susceptibility laboratory results to field 
performance; (5) prepare an interim report for Tasks 
1 through 5; (6) conduct the Task 4 work plan; (7) 
evaluate selected WMA field projects for moisture 
susceptibility and relate laboratory moisture suscep-
tibility test results to field performance; (8) prepare 
a recommended practice for reducing the occur-
rence of moisture susceptibility issues with WMA; 
(9) based on the results of Tasks 6 and 7, recom-
mend (i) changes to existing AASHTO test methods 
and specifications and, as needed, (ii) new test 
methods in AASHTO standard format for evaluat-
ing the moisture susceptibility of WMA mixtures 
and pavements; and (10) prepare a final report for 
Phase I. 
 
Phase II, Long-Term Performance of WMA 
(1) Conduct a literature review and survey of state 
DOTs, as needed, to determine (i) availability of 
field trial/test sections, both existing and planned; 
(ii) data available from existing field trial/test sec-
tions (with emphasis on those field trials/sections 
utilized in Project 9-47A); and (iii) information that 
will allow the selection of laboratory tests to relate 
laboratory test properties to field performance for 
rutting, fatigue cracking, thermal cracking, aging, 
and water sensitivity; (2) identify and select field 
trial/test sections for inclusion in the study; (3) pre-
pare a detailed sampling and testing plan for deter-
mining the long-term performance of the field 
trial/test sections identified in Task 2; (4) prepare an 
interim report for Tasks 1 to 3; (5) perform sam-
pling and testing associated with the approved work 
plan and perform the analysis associated with meet-
ing the objectives of the project; (6) revise structural 
design and mixture design methods associated with 
WMA technologies based on the results from Task 
5; and (7) prepare a final report for Phase II, includ-
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ing a plan for extended monitoring of the perform-
ance of field trial/test sections. 
 
Note: The AASHTO Standing Committee on Re-
search combined Problem 2010-D-08, Moisture 
Sensitivity of Warm Mix Asphalt Technologies 
with this study and increased the funding request to 
$1,500,000. 
 
 
♦ Project 10-80 
Conversion of the AASHTO “Standard Specifica-
tions for Structural Supports for Highway Signs, 
Luminaires, and Traffic Signals” to the Load and 
Resistance Factor Design (LRFD) Methodology 
 
Research Field: Materials and Construction 
Source: AASHTO Highway Subcommit-

tee on Bridges and Structures 
Allocation: $500,000 
NCHRP Staff: Waseem Dekelbab 
 
 In June 2000, AASHTO and the Federal 
Highway Administration agreed on an implementa-
tion plan for the design of highway structures utiliz-
ing the Load and Resistance Factor Design 
Methodology (LRFD). As part of that agreement, 
all new culverts, retaining walls, and other standard 
structures on which states initiate preliminary engi-
neering after October 1, 2010 shall be designed by 
the LRFD Specifications. The current edition of the 
AASHTO “Standard Specifications for Structural 
Supports for Highway Signs, Luminaires and Traf-
fic Signals” contains small sections that implement 
the LRFD approach, but the Specification is gener-
ally based on the Working Stress design methods. 
Additionally, design, construction, and inspection 
language is intertwined in the specification and 
commentary resulting in a document that is cumber-
some and difficult to follow. 
 The entire Specification needs to be con-
verted to the LRFD design approach and reorgan-
ized to provide design engineers with a 
specification that implements the state-of-the-art 
design approach; separates the design, construction, 
and inspection criteria into three distinct sections; is 
consistent with other AASHTO documents; and al-
lows states to meet the above implementation plan. 

 The goals of the proposed research are 
closely aligned with the grand challenges of opti-
mizing structural systems, advancing the AASHTO 
specifications and managing knowledge. These 
were identified in the AASHTO Subcommittee of 
Bridges and Structures report “Grand Challenges: A 
Strategic Plan for Bridge Engineering” published in 
June, 2005.  
 The objective is to develop a new edition of 
the AASHTO “Standard Specifications for Struc-
tural Supports for Highway Signs, Luminaires and 
Traffic Signals” based on the LRFD methodologies. 
The resulting Specification would also be logically 
arranged with distinct sections for design, construc-
tion, and inspection/maintenance. Inspection of 
these structures has not been codified in the past; 
this is an excellent opportunity to address this issue.  
 The successful completion of this research is 
expected to improve the safety and reliability of 
structural supports nationwide. Agencies will be in 
a better position to meet the LRFD implementation 
plan, and the provisions will facilitate the design, 
construction, inspection, and maintenance of their 
structural supports for highway signs, luminaries 
and traffic signals. The probability-based specifica-
tion will result in structures that are based upon a 
more uniform set of design criteria. Some structures 
may be more expensive; however, some may be 
less. The specification will promote quality con-
struction/fabrication practices and it will also ad-
dress the current shortcoming of inspection and 
maintenance or these non-redundant ancillary struc-
tures. The combination of these efforts will allow 
agencies to better assess, manage, and maintain 
these transportation assets. 
 
 
♦ Project 10-81 
Evaluation of Fuel Usage Factors in Highway 
Construction 
 
Research Field: Materials and Construction 
Source: AASHTO Highway Subcommit-

tee on Construction, Virginia 
Allocation: $300,000 
NCHRP Staff: Edward T. Harrigan 
 
 Price adjustments of selected commodities 
in highway construction are used in construction 
contracting as a way of reducing risks to the con-
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tractor related to price fluctuations over the life of a 
contract. The benefits to contracting agencies are 
bids that better reflect real costs. Fuel is a commod-
ity for which price adjustments are allowed. Fuel 
usage factors are commonly applied by state and 
local agencies in calculating the amount of fuel for 
an escalation/de-escalation contract specification. 
 The current fuel usage factors were first 
published in Highway Research Circular Number 
158 by the Highway Research Board in July 1974. 
They were later incorporated into FHWA Technical 
Advisory T 5080.3, released in 1980, to provide di-
rection on the use of price adjustment contract pro-
visions. These factors have remained unchanged 
over the past 35 years, despite changes in the pur-
chasing power of construction dollars, construction 
methods, industry processes, efficiency of equip-
ment, and fuels used. Thus, it is unlikely that fuel 
usage factors are accurate or effective in addressing 
the current risk of fuel price fluctuations. 
 Gasoline and diesel fuel usage factors exist 
for excavation (gallons per cubic yard), aggregate, 
asphalt production and hauling (gallons per ton), 
and Portland cement concrete (PCC) production and 
hauling (gallons per cubic yard). Of even greater 
concern, fuel usage factors for structures and mis-
cellaneous construction are expressed in gallons per 
$1,000 in construction. Current fuel factors are re-
quired, in addition, to consider environmental im-
pacts of construction methods related to lower fuel 
consumption and emissions, urban heat island miti-
gation, smog reduction, and lower energy footprint. 
 The fuel usage factors in FHWA Technical 
Advisory T 5080.3 are subject to at least three ana-
lytically separable sources of error. First, the effects 
of inflation on construction costs over three decades 
is primarily of concern for the usage factors for 
structures and miscellaneous construction because 
these fuel usage factors were established in gallons 
per thousand dollars, and the dollar amounts were 
established in 1980 and have never been revisited. 
Second, the relationship of fuel consumption to 
production and hauling of specified quantities of 
aggregate, asphalt, and PCC have likely been af-
fected by changes in construction practice, use of 
new and prefabricated materials, improved equip-
ment, and improved fuel efficiency. Third, and last, 
there have been changes in fuel preference, particu-
larly in the substitution of natural gas for diesel in 

asphalt plant operations. While an examination of 
inflationary trends is a relatively simple analysis, 
addressing the other impacts is far more complex 
and challenging. 
 The objectives of this research are to (1) 
analyze the effects of inflation in relevant areas of 
construction, (2) develop a revised table of fuel us-
age factors for the major categories of highway con-
struction addressed in FHWA Technical Advisory T 
5080.3, and (3) develop a recommended method 
and schedule for future updates to the fuel usage 
factors. The research findings will be of immediate 
use to FHWA in updating the information in Tech-
nical Advisory T 5080.3. 
 The following tasks are anticipated to ac-
complish these objectives: (1) review existing re-
search, including (i) the original study compiled by 
FHWA and published in Highway Research Circu-
lar Number 158, July 1974, (ii) the questionnaire 
sent to more than 3,000 highway contractors in the 
United States in 1974 with 400 responses, and (iii) 
the analysis performed by the Federal Highway 
Administration’s Region 8 office on the data ac-
quired in 1974, to the extent that relevant informa-
tion is still available; (2) survey the state DOTs to 
develop a synthesis of current practices by state 
DOT agencies and document what methods they 
have developed to address costs related to fuel us-
age factors issues; (3) analyze inflation effects to 
develop a construction inflation index that will pro-
vide estimates of the present and expected future 
value of construction, based on the categories in the 
1980 FHWA Technical Advisory T 5080.3; (4) 
identify changes in construction practices since 
1980 in the major categories of highway construc-
tion addressed in FHWA Technical Advisory T 
5080.3 (excavation, aggregates, asphalt concrete, 
PCC pavement, structures, miscellaneous); (5) 
based upon the results of the previous tasks, de-
velop fuel usage factors that apply to current con-
struction practices; (6) develop a method and 
schedule for future updates of fuel usage factors, 
including identification of data sources and recom-
mended analytical procedures; and (7) prepare a 
final report and recommendations that provide (i) 
full documentation of the research methods and 
findings and (ii) recommendations for the updated 
fuel usage factors in highway construction. 

  



 

8 

♦ Project 10-82 
Performance Related Specifications (PRS) for 
Pavement Preservation Treatments 
 
Research Field: Materials and Construction 
Source: California 
Allocation: $600,000 
NCHRP Staff: Amir N. Hanna 
 

Pavement preservation treatments, by their 
diverse nature, do not lend themselves to traditional 
methods based specifications. Many states have 
tried to develop warranty specifications to address 
this gap. However, warranties still do not necessar-
ily provide the correct strategy for pavement pres-
ervation treatments, so construction specifications 
are moving into the PRS arena. Quality of pavement 
preservation treatments depends on the contractor 
operations, personnel, equipment, and methods. 
With the current specifications and the low bid 
process, there is no incentive for a contractor to 
make the extra effort to insure quality. In order to 
overcome this problem, research is needed to de-
velop and implement PRS that allow contractors to 
design and construct pavement preservation treat-
ments using conventional materials, rubber asphalt, 
or other modified materials. 

The need for research for the development 
of PRS for pavement preservation treatments has 
been cited in many preservation workshops and ex-
pert group meetings subsequent to the FHWA’s Na-
tional Pavement Preservation Forum held in San 
Diego, California in 2001. A recent NCHRP project 
(Project 20-07/Task 184) supported the need for 
PRS for pavement preservation but was rated as a 
low priority need because the major focus in most 
agencies was to determine what treatments to apply 
and what type of performances could be expected 
from those treatments. In response to these research 
needs, some state highway agencies have developed 
project-specific PRS for limited preservation treat-
ments. Yet systematic research for the development 
of more generally applicable PRS is needed. In 
January 2008, FHWA developed (with state and 
local agencies, industry and academia) the Trans-
portation System Preservation (TSP) Research, De-
velopment, and Implementation Roadmap to fill the 
current gaps in the understanding of pavement pres-

ervation. The Roadmap contains 38 items of imme-
diate research needs under 6 areas in pavement 
preservation; the PRS for pavement preservation 
was identified as the highest priority topic among 
them. Additional information supporting the need of 
PRS for pavement preservation treatments is cited 
in TRB Needs Statement entitled Warranties for 
Concrete Pavements. 

The objectives of this project are to (1) de-
termine which engineering properties need to be 
measured for performance/acceptance; (2) deter-
mine how performance parameters should be meas-
ured; (3) determine which pavement preservation 
treatments lend themselves to incentives/ disincen-
tives clauses, and recommend limits for incen-
tives/disincentives; (4) provide a template for 
incorporating PRS into treatment-specific projects; 
and (5) develop a draft manual that provides guid-
ance and measurement techniques for the identified 
engineering properties. The following tasks are 
identified for accomplishing these objectives: 
 
1. Conduct an international literature search of cur-

rent pavement preservation performance-related 
specifications as applied to asphalt and concrete 
pavements, and provide a report that describes 
the benefits of using PRS vs. traditional method-
based specifications. 

2. Determine the desired attributes that can be 
measured and the quality of relevant pavement 
preservation treatments. 

3. Determine treatment-specific performance 
measures and acceptance criteria 

4. Determine criteria for the appropriate use of in-
centives/disincentives. 

5. Develop draft provisional standards for PRS, as 
they apply to pavement preservation treatments, 
for AASHTO consideration. 

 
Note: The AASHTO Standing Committee on Re-
search requested that this project be combined with 
Problem 2010-F-09. The research shall include ad-
ditional tasks to identify and validate testing proto-
cols and acceptance criteria for predicting long-term 
treatment performance, and consider SHRP 2 re-
lated projects.  
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♦ Project 10-83 
Alternative Quality Systems for Application in 
Highway Construction  
 
Research Field: Materials and Construction 
Source: AASHTO Highway Subcommit-

tee on Construction, AASHTO 
Highway Subcommittee on Ma-
terials 

Allocation: $500,000 
NCHRP Staff: David A. Reynaud 
 
 This research proposal addresses the quality 
management challenges associated with achieving 
two of AASHTO’s goals. Alternative and improved 
quality management practices are required to main-
tain appropriate results while accelerating project 
delivery (objective 1C), and must be part of a com-
prehensive framework for improved project deliv-
ery of all transportation projects (objective 4B).  
 Evolving industry roles and the adoption of 
alternative project delivery methods have already 
changed the conventional construction management 
practices that public agencies use to ensure appro-
priate project delivery, contract compliance, and 
quality assurance. However, many state agencies 
are applying traditional quality management prac-
tices to all of the available project delivery methods. 
Critical components of these new project delivery 
methods include the changing relationships among 
public agencies, contractors, and private engineer-
ing firms, including risk allocation processes, gen-
eral contract administration procedures, and quality 
control/quality assurance. This research would pro-
vide recommendations for alternative quality sys-
tems to address the various project delivery 
methods. The results would include a web-based 
decision support system for use by the state agen-
cies.  
 More efficient and effective quality con-
trol/quality assurance systems, driven by both con-
tractors and owners, are required due to increasingly 
higher construction costs and reduced workforce 
availability and experience levels. Owners are chal-
lenged to provide quality and timely results with 
fewer staff than are inherent in the traditional public 
agency inspector role. In order to achieve a success-
ful project or operation, quality must be built into 
all aspects of project delivery and ranges far beyond 
matters of materials testing. Research and guidance 

is required to assist owners with the management of 
programs that will increasingly be delivered by 
methods that are still relatively new, and will re-
main significantly different than the traditional de-
sign.  
 Quality control includes all aspects of pro-
ject work. As agencies work to accelerate project 
delivery, in conjunction with AASHTO partners 
and federal agencies, they must also work to im-
prove and innovate all aspects of project delivery 
for all kinds of projects (from ITS to new facilities) 
including quality management functions related to 
planning and environmental processes, right-of-way 
acquisition, utility relocation, design, construction 
techniques, and construction management. Specific 
tasks requiring oversight or approval include pre-
paratory work activities, design development and 
construction plans, traffic control plans, transpar-
ency of operations, rapid communication of test re-
sults and resolution of non-conforming items, and 
finally auditing practices of contractor quality con-
trol and assurance for interim and final deliverables. 
In a time of diminishing resources and escalating 
costs better quality process tools can increase our 
oversight effectiveness. State agencies need assis-
tance to implement new systems that emphasize 
contractor quality control and assurance. Such assis-
tance will allow the owner to leverage its resources 
to more systematically have assurance of quality 
levels thru a verification of contractor quality sys-
tem processes.  
 The traditional design-bid-build delivery 
system in the United States uses construction speci-
fications that result in detailed contractor quality 
control requirements. Acceptance programs, includ-
ing verification tests historically have been per-
formed by State highway agency staff. Only 
recently have contractors been required or encour-
aged to develop their own quality control plans. 
However, Federal regulations do not allow the use 
of the contractor quality control test results in the 
acceptance decision, unless verified by the owner. 
 Many international scan teams, most re-
cently the Construction Management Scan team has 
noted that more formal quality management systems 
are used by contractors abroad than in the United 
States. With the exception of Germany, there is a 
heavy reliance on International Organization for 
Standardization (ISO) 9001 series methods. Con-
tractors can be rated on their quality management 
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plans before project award, held to these require-
ments during construction and be evaluated in post-
project reviews. 
 European countries require ISO 9001 certi-
fication, and contractors must develop the project 
quality plans in conjunction with their companies’ 
certified quality procedures. Typically, contractors 
are primarily responsible for ensuring that materials 
and all other contract deliverables meet the required 
quality levels, and they provide certifications and 
test results. Tests are conducted as work progresses. 
All work is subject to owner review, but separate 
tests normally are not conducted. The set of checks 
by the owner consists of a mixture of system 
checks, process checks, and product checks. Most 
tests are standardized and the contractor has to use 
the standards. Most standards are legally enforce-
able. Other items of work that are not materials 
based such as traffic control devise layout and 
placement or final subgrade elevation tolerances 
also are included in the quality system criteria. 
 The research objectives are summarized as 
follows: 
 
• To define the objectives and benefits of the tra-

ditional quality control and quality assurance 
approach that is part of the FHWA’s regulatory 
requirements. To define the objectives and 
benefits of alternate quality system requirements 
included in ISO 9001 (those used in Europe and 
the United States), Corps of Engineers (COE), 
Federal Aviation Administration (FAA), Federal 
Transit Authority (FTA) and other systems, as 
they are being applied in United States and in-
ternationally. Document the advantages and dis-
advantages of these alternate systems in 
relationship to the traditional quality control and 
quality assurance approach. 

• To describe how these various systems work to 
achieve quality assurance objectives. 

• To assess their potential impact on current state 
DOT and industry practices if alternative quality 
systems were applied to innovative contracting 
projects let in the best value environment as 
well as conventional design-bid-build projects 
let in the low bid competitive environment.  

• To develop a plan that assists states in evaluat-
ing and deploying these quality systems. It is 
understood that there may not be a single, pre-

ferred solution but instead, options. The integra-
tion and compatibility of the contractor’s and 
owner’s programs need to be considered. 

• To obtain a consistent definition of quality ter-
minology among FHWA, the state DOTs and 
the highway construction industry. AASHTO 
definitions in R10 and ISO definitions need to 
be harmonized for clear communication. 

 
Tasks 
1. Identify and describe quality management sys-

tems that are used in the construction industry, 
with emphasis on the highway construction in-
dustry. Examine as a minimum ISO 9001 and 
the COE approaches. There will be a survey and 
literature search to include international infor-
mation as well. 

2. Describe and contrast current applications of 
quality management systems in the U.S., Can-
ada, and Europe, with focus on alternative pro-
ject delivery strategies, such as: design-bid-
build, best value, design-build, and others. This 
includes those that are in place by contractors 
and owners. 

3. Contrast these quality systems with conven-
tional state DOT and industry practices. Two 
workshops should be held to allow for group 
synergy and participation to allow for a com-
prehensive evaluation. 

4. Identify the benefits the contractor might accrue 
from the adoption of such a system. Consider 
the paybacks such as consistency, productivity, 
costs, risk management, employee awareness, 
on-time delivery, staffing levels, timely comple-
tion of testing, improved product performance, 
better risk alignment, strengthened business ca-
pabilities, more consistent management struc-
ture across jurisdictional lines, reduced claims, 
etc. This is a philosophy of “doing it right the 
first time” approach to construction. 

5. Identify the benefits that a DOT might accrue 
from the adoption of an appropriate system in-
cluding improvement of products, reduced in-
spections by optimizing use of staff by reducing 
duplication of work, reward quality contractors, 
etc. 

6. There may be more than one solution for effec-
tive quality systems. If so, then project selection 
guidelines need to be developed to tie the ap-
propriate quality system to the appropriate type 
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of project and alternative project delivery meth-
odology. Based on the information gathered, 
recommend improvements to the traditional 
quality system that is used. 

7. Present detailed case studies of application on 
various U.S. projects. 

8. For each recommended quality system and the 
appropriate project selection guidelines, de-
scribe the potential implications if adopted as a 
standard practice by state DOT organizations 
and the highway construction industry. The 
measurement of success of the quality manage-
ment system, particularly in the low-bid envi-
ronment, is one of the potential implications. 
Recommend ways the traditional quality system 
could be incrementally improved by incorporat-
ing only select portions of the recommended 
quality system. Recommend adjustments to the 
quality system to accommodate traditional low-
bid contracting, as well as design-build, and best 
value. Any adjustments needed to accommodate 
public-private partnership type projects should 
be addressed. 

9. Develop a plan that assists states in evaluating 
and deploying the appropriate quality system for 
the alternative project delivery method selected. 
Identify the barriers to implementation and ways 
to overcome them.  

10. Provide a web-based decision support tool that 
captures institutional knowledge gained by lead-
ing practitioners, and enables state agencies to 
access past experience and obtain guidance for 
system development or implementation.  

 
 Research in the area of innovation of pro-
curement of construction is urgently needed to find 
techniques that can ensure quality. With limited re-
sources at their disposal, the research will allow 
owners to optimize their efforts to ensure quality 
when these innovative methods of project delivery 
are selected. Research in this area should have a 
high benefit/cost payoff due to the large potential 
cost savings when projects are constructed with ef-
fective quality systems. 
 The payoff of this research will be the estab-
lishment of a knowledge base for best practices of 
quality systems available for a variety of project 
delivery techniques to supplement existing state 
DOT knowledge bases. This is a time of great inno-
vation while many owners are experiencing signifi-

cant turnover among their senior design and 
construction professionals. Establishing a knowl-
edge base will be critically useful for the new gen-
eration entering into the work force. The research 
will identify critical requirements to implement 
various quality systems (handbook, training, guides, 
etc.) to disseminate the findings to the highway 
construction industry. The implementation should 
include the recommendations in a standard format 
for AASHTO practice. 
 
 
♦ Project 12-85 
Roadway Bridges Fire Hazard Assessment 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-

tee on Bridges and Structures 
Allocation: $350,000 
NCHRP Staff: Waseem Dekelbab 
 
 Bridge fires can cause major disruptions in 
highway operations. Although major fires are infre-
quent, there are an undocumented number of 
smaller fires that occur on highway bridges 
throughout the United States each year which cause 
varying degrees of disruption and repair and main-
tenance costs. These incidents stem primarily from 
vehicle (often truck) fires, but bridges can also be 
affected by fires in adjacent structures. The recent 
San Francisco bridge fire has highlighted the need 
to better understand the frequency and hazard po-
tential of these incidents as well as review available 
information on potential mitigation strategies and 
damage assessment and repair techniques.  
 The objectives of the proposed study are to: 
  
1. Survey fire incidents on bridges in the U.S. in 

recent years, documenting trends. 
2. Quantify design fires (in terms of fuel load 

probability distribution) for vehicle fires and 
carry out the resulting hazard assessment. 

3. Develop suggested design guidance—spatial 
separation, protection methods (include refer-
ence to combustible elements such as FRP), and 
detailing to minimize risk (for example, how 
down spouting can promote damage in fuel 
spills). 

4. Consider impact of truck design (for example, 
location and protection of fuel tanks). 
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5. Assemble information on post fire structural as-
sessment and repair techniques. 

6. Identify areas where additional data is needed. 
7. Develop bridge management practices for use of 

bridge and highway right-of-way. 
 
 The study as planned is a literature review 
and hazard assessment; no fire testing is contem-
plated. Reference will be made to the National Fire 
Protection Association Standard 502, Standard for 
Road Tunnels, Bridges, Limited Access High-
ways®. Hazard assessment techniques which have 
been applied to structures other than bridges can be 
adapted for use in this study. Actual risk, target risk, 
and implementation procedures will be assessed. 
 The recent major fire in San Francisco high-
lights a major area of concern for State Highway 
Departments where little or no design guidance is 
available. Assembly of readily available informa-
tion for use by the highway community for these 
incidents will permit the implementation of some 
potentially straightforward mitigation strategies as 
well as assessment and repair techniques. The tech-
nical data from the research can be used for devel-
oping AASHTO guidelines for planning, designing, 
constructing, maintaining, and inspecting highway 
bridges; developing guidelines for emergency man-
agement; and contributing to a risk-management 
approach to bridge safety inspection and mainte-
nance.  
 This proposed research addresses the Grand 
Challenges—Advancing the AASHTO Specifica-
tions, Extending Service Life, and Optimizing 
Structural Systems, among others by developing 
technical data which can be used to provide per-
formance standards for design and management of 
highway bridges. 
 
Note: The AASHTO Standing Committee on Re-
search increased the funding request from $175,000 
to $350,000. 
 
 
♦ Project 12-86 
Bridge System Safety and Redundancy 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-

tee on Bridges and Structures 

Allocation: $500,000 
NCHRP Staff: Waseem Dekelbab 
 
 A good quantification of redundancy is not 
currently available to bridge engineers. Construc-
tion costs may be needlessly high on some bridges 
due to member redundancy, and less redundant ex-
isting structures may go unidentified. Redundancy, 
operational importance, and ductility can be consid-
ered during design by using load modifiers from the 
AASHTO LRFD Bridge Design Specifications rang-
ing from 0.95 to 1.05 each. However, such factors 
should be better specified according to system type, 
and should be on the resistance side of the equation.  
 A framework for evaluating redundancy in 
highway bridges is described for superstructures in 
NCHRP Report 406. For superstructures, a “system 
factor” between 0.8 and 1.2 is applied based on the 
girder spacing and number of girders in the system. 
However, the charts are limited to steel and preten-
sioned I-beam-slab bridges, and only a small gen-
eral bonus is given for diaphragms. An alternative 
methodology is provided to generate the system fac-
tor using nonlinear analysis and incrementally in-
creasing the HS20 load, but ability to transmit load 
longitudinally is still not addressed.  
 Similarly, substructure redundancy is ad-
dressed in NCHRP Report 458. System factors are 
provided for confined and unconfined 2- and 4-
column piers; spread footings, drilled shafts, and 
piles in various soil types. A direct redundancy 
analysis procedure is also provided. Any ability of 
the superstructure to enhance the substructure re-
dundancy is ignored.  
 The quantification of redundancy in high-
way bridge structures is necessary before reliability-
based non-collapse criteria can be developed for 
blast loads, ship-impact, storm surges, or seismic-
force effects. A fresh approach is needed to merge 
past efforts that developed super- and substructure 
redundancy independently, to quantify the transfer 
of lateral loads in the superstructures inclusive of 
multi-cell cross-sections, and to consider the affect 
of superstructures on substructure redundancy espe-
cially in the case of framed structures and super-
substructure connections made fixed for live load.  
 The objective of the research is to combine 
the techniques presented in NCHRP Reports 406 
and 458; expand the work to include lateral loads on 
superstructures, framed systems, single- and multi-
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cell boxes; and demonstrate the suitability of the 
proposal within the framework of the previously 
defined ultimate (strength), functionality (service), 
and damaged ultimate (collapse) limit states. The 
following tasks are envisioned: 
 
1. Review NCHRP Reports 406 and 458, as well 

as Interims to the LRFR Manual for System 
Factors in Segmental Bridges. Do a literature 
search to see if any other related studies have 
since been done. 

2. Expand on how the quantity and quality of in-
termediate and end diaphragms in the super-
structure play a role in redundancy.  

3. Expand to include single- and multi-cell cross-
sections where member resistance may or may 
not be relevant since a “whole-width” design is 
often done. 

4. Make any necessary updates to the functionality 
limit state for the recent displacement-based 
“LRFD Guidelines for Seismic Design of 
Bridges.” 

5. Develop a methodology for accessing the re-
dundancy in both the super- and substructure 
when the superstructure contributes to the sub-
structure’s lateral load resistance.  

6. Perform parameter studies to show that results 
are reasonable for all structure types, regardless 
of girder spacing, number of girder webs, num-
ber of substructure units, etc.  

7. Develop a list of design examples to illustrate 
the proposed methodology for three limit states 
and structure types. List to be approved by pro-
ject panel. 

8. Prepare draft specification changes for both de-
sign and rating. 

9. Present findings to the AASHTO SCOBS T5 
Loads and Load Distribution Committee. 

 
 The ability to quantify “additional” capacity 
in bridges due to system redundancy is crucial in 
understanding bridge performance when subjected 
to malicious attack, vessel collision, earthquake, or 
storm surges. Bridge Owners need this information 
to help determine which existing bridges are most 
vulnerable due to lack of redundancy, and how to 
provide adequate redundancy in new bridges.  
 
 
 

♦ Project 14-20 
Quantifying the Costs and Risks of Delayed Main-
tenance 
 
Research Field: Maintenance 
Source: AASHTO Planning Subcommit-

tee on Asset Management, 
AASHTO Highway Subcommit-
tee on Maintenance 

Allocation: $700,000 
NCHRP Staff: Amir N. Hanna 
 
 The cost of delayed mainte-
nance/preservation is often not well quantified or 
readily apparent. When making budgeting decisions 
one may be tempted to choose spending less on 
preventive maintenance strategies in the near-term 
because the long-term implications of such a deci-
sion are not easily understood. However, delaying 
maintenance/preservation projects (pavements and 
bridges) could push projects into total reconstruc-
tion and substantially increase the total life-cycle 
costs of providing a structurally sufficient pavement 
or structure. Also, there are associated risks with 
delaying/postponing maintenance/preservation ac-
tivities. This research seeks to develop information 
to better understand and quantify the risks associ-
ated with delaying preventive maintenance activi-
ties. 
 The objectives of the research are to (1) de-
scribe the impact and savings of undertaking proac-
tive maintenance/preservation activities early in the 
life of a pavement and bridge structure as compared 
to delaying these activities; (2) perform an analysis 
and recommend when it is best to undertake pave-
ment and bridge preservation actions; and (3) de-
scribe and outline the process that can be 
undertaken by state DOTs to conduct a risk analysis 
of postponing maintenance/preservation activities 
on pavements and bridges. 
 
Note: The AASHTO Standing Committee on Re-
search requested that this project be combined with 
Problem 2010-F-04. The research shall include ad-
ditional tasks to establish the relationship between 
the level of service (LOS) of a roadway and the cost 
of maintenance required to achieve it as well as a 
method to quantify the cost associated with obtain-
ing an improved level of service. These tasks will 



 

14 

include conceptual development, data gathering, 
analytical modeling, and trial use of the developed 
procedures in conjunction with maintenance pro-
grams.  
 
 
♦ Project 14-21 
Optimization of Resource Allocation for Highway 
Preservation Needs 
 
Research Field: Maintenance 
Source: AASHTO Highway Subcommit-

tee on Maintenance 
Allocation: $350,000 
NCHRP Staff: Andrew C. Lemer 
 
 State DOTs and the federal government 
have invested significant resources in building our 
nation’s highway system. All of the asset categories 
that comprise our highway system, e. g., pavements, 
bridges, traffic signals, drainage pipes, signs, lights, 
and more, must be maintained, rehabilitated, and 
ultimately replaced. As our transportation system 
has aged, system preservation needs have moved to 
the forefront in the funding priorities of many 
DOTs.  
 However, resources for highway preserva-
tion typically have not kept pace with preservation 
needs. Most transportation agencies lack sufficient 
resources to attain and maintain desired service lev-
els for all of their highway assets and must try to 
optimize the allocation of their limited resources to 
preserve a diverse portfolio of assets. Given large 
variations in service lives—e. g., the life of a bridge 
versus pavement markings—variations in asset 
class management systems, and the breadth of com-
peting funding needs, the problem of optimizing 
resource allocations to preservation needs is ex-
tremely difficult. 
 A fundamental and practical issue with op-
timizing resource allocations to the preservation of 
various asset categories is the identification of 
common performance objectives that can transcend 
all of the asset categories that comprise our highway 
system, and that could serve as basis for optimiza-
tion. Such common objectives may include, for ex-
ample, maximizing remaining service life or 
minimizing long-term costs. A number of optimiza-
tion models have been developed to assess and help 

select the best strategy of preservation or replace-
ment alternatives for a given investment level 
within an asset category, e.g., in pavement man-
agement and bridge management systems, but op-
timization criteria and practical models to allocate 
resources across a broad array of highway asset 
categories do not exist.  
 The objectives of this research will be to de-
velop objectives and measures of effectiveness that 
may be used to optimize resource allocation for 
preservation of assets across the entire range of 
highway assets for which a DOT is responsible. 
 The research to accomplish this objective 
might include the following tasks: (1) preparation of 
an annotated literature review on optimization crite-
ria and objectives to allocate resources across vari-
ous transportation asset categories; (2) identification 
of optimization objectives and criteria that may be 
suitable to allocate preservation resources across a 
broad portfolio of highway asset categories; (3) as-
sessment of the potential advantages and disadvan-
tages of the optimization objectives and criteria for 
use in the intended context; (4) assessment of poten-
tial issues associated with implementing the most 
advantageous optimization objectives and criteria in 
a practical optimization model within state DOTs; 
(5) demonstration and documentation of the use of 
the recommended optimization objectives and crite-
ria in the allocation of resources across highway 
asset categories through realistic case study exam-
ples; (6) identification of specific future research 
needed to achieve the implementation of allocation 
optimization models for the preservation of a broad 
portfolio of highway asset categories within state 
DOTs.  
 
 
♦ Project 14-22 
Effective Removal of Pavement Markings 
 
Research Field: Maintenance 
Source: Rhode Island 
Allocation: $200,000 
NCHRP Staff: David A. Reynaud 
 
 To find an environmentally safe means of 
removing line striping and other markings without 
damaging the underlying pavement and altering the 
visible character of the surface course, or to develop 
an alternative to paint which will perform ade-
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quately under interstate conditions and can be re-
moved without damaging mechanical or chemical 
action.  
 During construction projects, it is often nec-
essary to implement lane shifts in order to detour 
traffic around work zones. Shifting lanes requires 
obscuring or removing the existing pavement mark-
ings and applying new markings along the new 
alignment. The Manual on Uniform Traffic Devices 
(MUTCD) requires that all visible traces of the ex-
isting marking be removed or obliterated in order to 
provide a clear line of travel for the motorists. It 
does not allow for removal methods that will scar 
the pavement, with no specification for a level of 
scarring that is acceptable. 
 Among the primary requirements of perma-
nent marking systems is to create a durable, 
strongly bonded material. It has to be capable of 
standing up to several years of wear due to heavy 
traffic at highway speeds and resist the environment 
(UV exposure, freeze/thaw, chemicals, etc.). Many 
of the new systems are epoxy-based and adhere 
adamantly to the pavement. Black tapes that are ap-
plied over the existing markings to hide them tend 
not to last long enough and/or have different reflec-
tive indices than the pavement and so may confuse 
drivers as to the correct lane to follow. The problem 
may be exacerbated in wet weather. Chemical sys-
tems that are aggressive enough to remove epoxies 
and other products would raise safety and environ-
mental concerns. As a result, removal generally re-
quires grinding of the markings, which leaves 
undesirable scarring often mistaken for actual 
pavement markings under low-light or wet condi-
tions, so the owners of public highways are faced 
with a very difficult problem.  
 Research Questions: The problem at hand 
would need to be addressed for two different cir-
cumstances, although there would be some overlap.  
 Phase I—Investigate how to remove or fully 
obscure existing markings without damaging the 
pavement: 
 
1. Are there systems (perhaps organic, like citrus 

based bituminous solvents) that would be more 
environmentally friendly? 

2. Is there a mechanical process such as a combi-
nation of heat and power tools that could effec-
tively remove a sufficient amount of the 
markings? 

3. Is there a method of applying a durable coating 
over the existing pavement marking that will 
blend in to the appearance of the pavement, per-
haps by using color matching technology? Or 
could the full width of the pavement be covered 
completely without losing friction characteris-
tics, in a cost-effective manner? 

4. How much is adequate to meet the MUTCD re-
quirements? How much tolerance is there for al-
tering the pavement surface? 

5. Would the system developed be of a reasonable 
cost (relative to existing systems and methods) 
for materials, equipment, and labor? 

 
Phase II—Develop a pavement marking system that 
meets durability and visibility standards, but with a 
designed means for full removal: 
 
1. Can a coating that is durable in a heavy traffic 

environment still be created such that it can be 
removed cleanly? Are there existing systems in 
use for other applications that can be modified 
to meet this requirement? 

2. What would the environmental constraints be 
for the system? 

3. How much is adequate to meet the MUTCD re-
quirements? How much tolerance is there for al-
tering the pavement surface? 

4. Can such a coating be designed to be cost effec-
tive (relative to existing systems and methods) 
in both application and removal? 

5. If the system is significantly more expensive 
than current systems, could locations where line 
shifts are more likely be identified, so that the 
use could be restricted to an as-needed basis? 

 
 Both systems, after a thorough laboratory 
evaluation, could be used on a demonstration basis 
in highway construction projects for testing in field 
conditions. The use would be for limited runs to 
minimize the effects on traffic flow in the event that 
the tests are not successful. 
 Owners of public highways are faced with 
MUTCD requirements for pavement markings that 
cannot be properly met by existing methods. A new 
system for removal of existing markings and a new 
one with a controlled means of complete removal 
would help owners meet the MUTCD regulations 
and provide safer traffic management. This would 
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be especially true in work zones where traffic con-
trol is critical. 
 
Note: The AASHTO Standing Committee on Re-
search directed that the scope address the develop-
ment of best practices and a recommended test for 
MUTCD compliance. Phase II is not envisioned. 
 
 
♦ Project 15-39 
Superelevation Criteria for Sharp Horizontal 
Curves on Steep Grades 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-

tee on Design 
Allocation: $500,000 
NCHRP Staff: David A. Reynaud 
 
 Sharp horizontal curves on steep grades rep-
resent a particularly dangerous situation for vehicle 
operators, especially heavy vehicle operators. Ex-
amples where this combination may occur are high-
speed interchange movements, switchback curves 
on mountainous two-lane, two-way roads or high-
speed downgrade curves on limited access road-
ways. At these locations, the complicating factors of 
vehicle off-tracking, pavement slope, and pavement 
friction fully tax the driver's ability to provide cor-
rect vehicle positioning without compromising con-
trol of the vehicle. Accident problems have arisen 
where, as a result of reconstruction, older highways 
with 12% to 17% superelevation have been rebuilt 
using 8% and 10% superelevation in accordance 
with current standards. Superelevation criteria, and 
other associated horizontal curve criteria, for situa-
tions where steep grades are located on sharp hori-
zontal curves have not been developed. 
 NCHRP Projects 15-16 and 15-16A, docu-
mented in NCHRP Report 439: Superelevation Dis-
tribution Methods and Transition Designs, 
evaluated and recommended revisions to the hori-
zontal curve guidance presented in the 1994 
AASHTO publication, A Policy on Geometric De-
sign of Highways and Streets (Green Book). The 
two principal design elements evaluated were the 
use of superelevation and the transition from a tan-
gent to a curve. The transition recommendations 
were incorporated into the 2001 edition of the 

Green Book and the superelevation recommenda-
tions were included in the 2004 edition of the Green 
Book. 
 NCHRP Report 439 noted that significant 
roadway downgrades deplete the friction supply 
available for cornering. This depletion results from 
the use of a portion of the friction supply to provide 
the necessary braking force required to maintain 
speed on the downgrade. The report found that both 
upgrades and downgrades yield an increase in side 
friction demand and a decrease in side friction sup-
ply. This undesirable combination results in a sig-
nificant decrease in the margin of safety resulting 
from roadway grade, especially for heavy vehicles. 
Superelevation criteria and horizontal curve criteria 
for this situation were not developed. 
 The 2004 Green Book contains the follow-
ing: "On long or fairly steep grades, drivers tend to 
travel faster in the downgrade than in the upgrade 
direction. Additionally, research has shown that the 
side friction demand is greater on both downgrades 
(due to braking forces) and steep upgrades (due to 
the tractive forces). Some adjustment in supereleva-
tion rates should be considered for grades steeper 
than 5%. This adjustment is particularly important 
on facilities with high truck volumes and on low-
speed facilities with intermediate curves using high 
levels of side friction demand.”  
 The 2004 Green Book further states that this 
adjustment for grade can be made by assuming a 
slightly higher design speed for the downgrade and 
applying it to the whole traveled way. There are no 
guidelines as to how this adjustment should be 
made for two-lane or multilane undivided road-
ways. More definitive guidance on this adjustment, 
as well as adjustment for other elements of the hori-
zontal curve, is needed. 
 The objective of this research is to develop 
superelevation criteria for horizontal curves on 
steep grades. Other criteria associated with design 
of horizontal curves such as tangent-to curve transi-
tions, spiral transitions, lateral shift of vehicles trav-
ersing the curve, need for pavement widening, and 
minimum curve radii should also be considered in 
the development of the criteria. The criteria may be 
based on quantitative evidence obtained from theo-
retic considerations and simulations but should be 
supported by actual field observation. 
 The research should include a review of cur-
rent practice, development of a work plan to 
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achieve the research objectives, collection of data 
and other information, evaluation of effects of vari-
ous alternatives and candidate criteria, and prepara-
tion of final criteria. The recommended criteria 
should be documented in the final report and also 
presented in a form that could be used by the 
AASHTO Technical Committee on Geometric De-
sign in a future edition of the Green Book. 
 This research topic was selected by the TRB 
Committee on Geometric Design, TRB Committee 
on Operational Effects of Geometrics, and the 
AASHTO Technical Committee on Geometric De-
sign at their combined meeting in June, 2004 as one 
of the five highest priorities for research. The re-
search is needed immediately to fill a gap in current 
superelevation design policy. The superelevation 
guidance will apply to high speed interchange ramp 
alignments on descending grades. As such, the re-
search findings will have applications in every State 
and not just to those with mountainous terrain. Con-
sidering the research will apply to interchange 
movements, this research topic will be of use in the 
design of highways nationwide.  
 
 
♦ Project 15-40 
Designing the Roadway Transition from Rural 
Highways to Urban/Suburban Highways or Streets 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-

tee on Design 
Allocation: $300,000 
NCHRP Staff: B. Ray Derr 
 
 There is a safety problem in locations where 
drivers operating in a high-speed rural environment 
must transition to operating in a low-speed ur-
ban/suburban environment as they approach a small 
community. There are numerous locations where 
traffic at speeds of 50 mph and higher on a rural 
highway must slow to 35 mph or less as a driver 
approaches a small urban area. Roadway features 
that present visual information that assist in reduc-
ing travel speeds are typically minimal or non-
existent. Many times this results in inappropriate 
speeds for a significant distance into the urban area. 
Some of the AASHTO design criteria are unclear 

for intermediate speeds (between 30 and 50 mph) in 
these areas. For example AASHTO recommends 
that vertical curbs only be used in low-speed areas, 
however, it’s often used in transition zones posted 
at 50 mph. Also the need for and/or rate of su-
perelevation can be very different for the same de-
sign speed depending on the method chosen to 
apply any required superelevation. Numerous lo-
calities are desirous of developing the transition 
area into gateways for their communities demon-
strating the need for clear and appropriate criteria. 
 The transition from rural high-speed opera-
tions on a highway to low-speed operating condi-
tions in urban/suburban conditions is a safety 
problem for all roadway users. In this context, the 
vehicle operator does not recognize the changed 
environment and adjust the vehicle’s speed to a 
more appropriate level, thus creating the potential 
for safety problems on the urban street because of 
the typical high speed at the entry to the ur-
ban/suburban zone and for a significant distance 
into the area. Conveying the need for action on the 
part of the driver to restrain speed is a challenge for 
designers and enforcement officials. Some of these 
roads remain arterials that facilitate longer com-
mutes, frequent local access, bicycle/pedestrian ac-
cess, and in some cases, on-street parking. 
 Techniques are not available to assist the 
designer and enforcement officials in developing 
and providing for an appropriate design in these in-
termediate speed transition areas. There is a need to 
develop various techniques and tools to assist prac-
titioners to provide a safe transition in operating 
conditions as a driver moves from rural to urban 
areas. The tools and techniques may involve appli-
cation of existing tools and techniques, unique de-
signs, signs and markings, as well as treatments 
adjacent to the roadway. The recent emphasis on 
context sensitive design/solutions may provide ad-
ditional insight to potential solutions and their ef-
fectiveness relating to the transition area of concern. 
 The objective of this research project is to 
develop additional techniques and tools for design-
ers and traffic engineers for application in develop-
ing effective designs for urban/suburban projects 
with intermediate speeds or transition zones from 
rural to urban/suburban environments.  



 

18 

♦ Project 15-41 
Updated Headlamp Design Criteria for Sag Verti-
cal Curves 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-

tee on Design, Kansas 
Allocation: $250,000 
NCHRP Staff: B. Ray Derr 
 
 Headlamp sight distance is one of four de-
sign criteria for sag vertical curves and is the most 
often used of the four criteria. The current criterion 
bases the length of a sag curve on the distance illu-
minated by a headlamp beam that diverges at 1 de-
gree above the horizontal. This criterion was 
developed in the late 1930s and has remained un-
changed since except for a decrease in the headlamp 
height (from 2.5 to 2.0 ft in the 1965 Blue Book). 
At the time the criterion was developed, the sealed 
beam headlamp was established as the standard 
headlamp system for U.S. vehicles and the sealed 
beam headlamp continued to be the standard head-
lamp into the mid-1980s. However, starting in the 
mid-1980s, vehicle manufacturers began introduc-
ing changes in headlamp design with varying head-
lamp performance. A more detailed research study 
is needed to update the sag curve sight distance cri-
teria so that it reflects the performance of the mod-
ern vehicle fleet. 
 The design criteria for sag curves have not 
been investigated in detail in over 60 years. There 
have been significant changes in vehicle de-
sign/performance and in driver perception during 
the ensuing years. It is appropriate to evaluate the 
current design criteria to determine whether the ba-
sis for design is still valid and whether improve-
ments can be realized through revised design 
criteria. Revised criteria could improve safety, op-
erations, and/or reduce construction costs. Based on 
the exploratory research conducted to date, it is ex-
pected that this research will produce recommenda-
tions for changes in the design criteria for sag 
curves. The changes could be as simple as a reduc-
tion in the 1.0 degree α angle currently used to a 
more extensive change such as a new criteria based 
on a different concept for sag curves.  
 The objective of the proposed research is to 
evaluate the issues associated with sight distance on 
sag vertical curves and develop updated criteria that 

reflect the conditions associated with modern high-
ways and vehicles. Among the critical factors to be 
addressed are the performance characteristics of 
modern headlamps, appropriate headlamp illumina-
tion levels for sag vertical curves, and the relation 
between revised sag curve sight distance criteria 
and other sag curve design criteria. Other sag curve 
design criteria also should be considered, particu-
larly with respect to comparisons between the vari-
ous criteria that may affect sag curve design. The 
research results should provide specific recommen-
dations for revisions to sag curve design criteria 
found in A Policy On Geometric Design of High-
ways and Streets, AASHTO. 
 
 
♦ Project 15-42 
Use of Bicycle Lanes for Various Roadway Char-
acteristics 
 
Research Field: Design 
Source: AASHTO Joint Technical Com-

mittee on Nonmotorized Trans-
portation 

Allocation: $300,000 
NCHRP Staff: Christopher J. Hedges 
 

U.S. practitioners have minimal nationally 
recognized guidance regarding the roadway charac-
teristics under which bicycle lanes should be pro-
vided or, at least, considered. The current (1999) 
edition of the AASHTO Guide for the Development 
of Bicycle Facilities describes design of bicycle 
lanes, but presents virtually no guidance about 
roadway conditions under which they should be 
provided, considered, or omitted. On busier urban 
roadways with operating speeds above 40 mph, us-
age of bicycle lanes often is observed to be modest; 
the Guide simply observes that “additional widths 
(more than 5 ft.) are desirable” where speeds exceed 
50 mph or truck volume is heavy. It is sometimes 
suggested that, at some threshold, designation of 
nearby bike routes should be considered in lieu of 
bicycle lanes or perhaps on thoroughfares with rela-
tively low speeds or truck volumes, or where on-
street parking is allowed, wide curb lanes or shared 
roadway treatments may be as or more effective 
than a bicycle lane. 

Some state DOTs have adopted policies of 
(generally) routine provision of bicycle lanes in ur-
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ban projects, some consider whether the road is in-
cluded in the local bicycle plan, and some consult 
criteria tables in a 1994 study published by FHWA, 
“Selecting Roadway Design Treatments to Accom-
modate Bicycles.” Selection factors proposed in this 
report are traffic volume, average traffic operating 
speed, "traffic mix" (presence of heavy vehicles), 
on-street parking, sight distance, and intersection 
spacing. For a given combination, tables identify a 
“desirable” treatment (wide curb lane, shared lane, 
paved shoulder, or bike lane) of recommended 
minimum width (at least as great as AASHTO’s). 
The authors described their recommendations as 
“preliminary” and anticipated that the tables would 
be refined as the state of the practice evolved, but 
no revision has ever been developed. 

The objective is to develop design criteria 
for bicycle lanes based on roadway characteristics 
including, but not limited to, classification, speed, 
ADT, number of trucks, the grade of the roadway, 
and parking. The design criteria will help determine 
if bicycle lanes should be installed and if so, what 
would be the recommended width of the bicycle 
lane, the adjacent travel lane, and, if applicable, 
parking. 

 
 

♦ Project 16-05 
Development of Cost Effective Treatments of 
Roadside Ditches to Reduce the Number and Se-
verity of Roadside Crashes 
 
Research Field: Design 
Source: AASHTO Highway Subcommit-

tee on Design 
Allocation: $400,000 
NCHRP Staff: Charles W. Niessner 
 
 Roadside ditches or swales are an integral 
feature of highways, especially two lane rural high-
ways. They are critical for control of storm water 
runoff on highways. Where space allows, shallow 
swales are used, but when right-of-way is limited, 
ditches with deeper and sharper drops are used. 
These features can be obstacles to errant motorists 
that leave the roadway. The Fatality Analysis Re-
porting System (FARS) indicated in 2006 1,260 fa-
tal crashes occurred where a ditch was the first 
harmful event. It is not possible to differentiate be-

tween ditches and swales in the data. There has 
been a trend over the past 15 years that over 1,000 
fatalities annually can be attributed to ditches. 
 The AASHTO Roadside Design Guide pro-
vides some guidance on preferred configurations for 
ditches. This guidance is based on the results of lim-
ited testing and simulations conducted in the 1970s. 
There is variation in the practices across the states 
for designing and maintaining ditches and, for many 
miles of roads, the ditches are a remnant of older 
highways that have never been updated to current 
standards.  
 The limited right-of-way often dictates the 
configuration of ditches and in many cases the pre-
ferred configurations are not practical. Enclosed 
drainage systems are expensive and result in addi-
tional requirements for treatment and discharge of 
the runoff. Installing a barrier between the travelled 
way and the ditch reduces the available clear zone, 
is impractical in respect to cost in many cases, and 
presents additional problems, such as terminal de-
sign and sight distance, when driveways are al-
lowed. Since ditches are part of a drainage system, 
other elements such as culverts, inlets, and holding 
basins require structures that become roadside ob-
stacles (e.g., headwalls, riprap, and curbs). 
 An urgent need exists to reduce the number 
and severity of crashes involving roadside ditches, 
through a deeper understanding of the factors in-
volved in crash events, the evaluation of vehicle 
dynamics, and the identification and cost-benefit 
assessment of treatment options. With this informa-
tion, cost effective countermeasures can be identi-
fied and implemented to mitigate ditch crashes. 
 The objectives of this research are to: 
 
• Develop deeper insights into the interaction of 

factors that influence the nature of crashes in-
volving ditches. 

• Analyze the influence of varying ditch configu-
rations on vehicle dynamics and their role in the 
severity of crashes. 

• Identify cost effective treatments for roadside 
ditches that will reduce the number and severity 
of crashes. 

• Develop improved guidance for ditch design 
and maintenance for inclusion in the Roadside 
Design Guide. 
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 This effort should focus on identifying 
treatments for ditch design and maintenance as 
other efforts are already focusing on the related 
topic of keeping vehicles on the roadway. 
 To meet the project objectives the following 
tasks would be performed: 
 
• Review domestic and international literature 

with a focus on ditch design and countermea-
sures that have been tried and evaluated. Con-
sider undertaking a review of agency standards 
(i.e., on-line) and conducting a survey to iden-
tify innovative treatments that may not have 
been documented. 

• Analyze collisions involving ditches to give 
context to the types of collisions involved (e.g., 
rollover, curve related, pavement edge scuffing) 
so that the counter measures can be focused. At-
tempt to get needed insights on these crashes 
from existing sources of data.  

• Model dynamics of vehicles traversing ditches 
to evaluate the vehicle reactions to different 
cross sections and treatments. These efforts 
should build upon the results of current work. 

• Develop a range of alternative treatments for 
ditches based upon knowledge gained in the lit-
erature review, contacts, and crash analyses. 
Organize a “brainstorming session” with knowl-
edgeable professionals to identify other poten-
tial treatments.  

• Formulate guidelines for the deployment of 
ditch treatments that consider the risk factors, 
costs, feasibility, road geometry, and traffic. 

• Undertake a cost effectiveness analysis for high- 
to low-cost alternatives to enhance guidance 
relative to available budgets. Identify the ex-
pected benefits of these treatments to allow ra-
tional selection of alternatives. 

• Draft new guidelines for the design and treat-
ment of ditches in priority locations. Review 
these guidelines and the rationale for them with 
the panel and a select group of knowledgeable 
engineers.  

• Prepare a final report that documents the efforts 
undertaken and thought processes that led to the 
guidelines. 

 
 
 

♦ Project 17-46 
Comprehensive Analysis Framework for Safety 
Investment Decisions 
 
Research Field: Traffic 
Source: AASHTO Standing Committee 

on Highway Traffic Safety 
Allocation: $600,000 (Additional $150,000 

from Federal Highway Admini-
stration) 

NCHRP Staff: Charles W. Niessner 
  
 The diverse safety community in the United 
States continues to make substantial, incremental 
progress in developing and implementing cost-
effective approaches. AASHTO and FHWA have 
provided national leadership with work such as 
Model Minimum Inventory of Roadway Elements 
(MMIRE), the Digital Highway Measurement Sys-
tem, the Interactive Highway Safety Design Model, 
SafetyAnalyst, etc.; and towards critical upcoming 
milestone products such as the Highway Safety 
Manual and SHRP2 results (especially the crash 
causation database which will be created). NHTSA 
and FMCSA, working with AASHTO/FHWA and 
other partners, have advanced similar improvements 
focusing on behavioral and heavy vehicle issues.  
 While the range of current efforts is impres-
sive, we are just on the cusp of creating a truly 
comprehensive analysis and decision-support sys-
tem with the capability to compare the effectiveness 
of investment and policy opportunities across the 4 
Es of safety (i.e., the contributions of engineering, 
education, enforcement, and emergency medical 
services). This project would create and sustain a 
nationally-coordinated, multi-year initiative to inte-
grate efforts like those noted above into a Compre-
hensive Safety Analysis Framework. This 
Framework is envisioned as a ‘blue print’ which the 
full safety community will contribute to and which 
will provide for objective, data driven evaluation of 
safety programs, policies, and investments across 
Federal, state, and local levels.  
 Objectives and tasks to create and sustain 
the Safety Analysis Framework include: (1) de-
velop, pilot test, evaluate, fine tune, and update the 
model framework for estimating the effectiveness of 
behavioral countermeasures; (2) in-depth evaluation 
of existing and soon-to-be-released tools; (3) as-
sessment of critical deficiencies in data and tools to 
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support better comprehensive decision making; (4) 
development of a comprehensive, consensus strate-
gic plan for further development and support of data 
systems and analytical tools to address critical defi-
ciencies, coordination among ongoing activities, 
professional capacity needs, and support for in-
vestment decision making and policy analysis and 
development; and (5) implementation support for 
the multi-year program, to include tasks such as co-
ordination of data needs across all elements, devel-
opment of ‘4 E’ policy analysis tools not currently 
available, quality assurance of analysis algorithms, 
software integration efforts as needed, communica-
tion, training, and technical assistance for at least 
the first several years. 
 The intended outputs are: (1) a strategic de-
velopment and deployment program coordinated 
across partners in the 4 Es; and (2) an initial version 
of a next generation of tools that permits objective 
analysis of investment decisions across the 4 Es. 
The expected benefit/outcomes are significantly 
more effective investment decisions and, as a result, 
steeper reductions in motor vehicle fatalities and 
serious injuries. 
 
 
♦ Project 17-47 
Human Factors Guidelines for Road Systems-
Phase IV 
 
Research Field: Traffic 
Source: AASHTO Standing Committee 

on Highway Traffic Safety 
Allocation: $500,000 
NCHRP Staff: Charles W. Niessner 
 
 The TRB Joint Subcommittee on 
“International Human Factors Guideline for Road 
Systems,” AND10(2), was created to help plan the 
development of a human factors guideline for road 
systems that highway designers and traffic 
engineers could readily use in their work. NCHRP 
17-18(8), Comprehensive Human Factors 
Guidelines for Road Systems was initiated in 2001 
and provided the framework for the guideline and 
two chapters. The project was completed on January 
31, 2005.  

 NCHRP Project 17-31 began in August 
2005 to develop additional chapters and integrate 
them with the work completed under Project 17-
18(8). The Project 17-31 contractor developed a 
style guide for the Guideline, refined Chapters 1 
through 5 from NCHRP Project 17-8(8), and 
prepared four new chapters: signalized 
intersections, unsignalized intersections, work 
zones, and horizontal curves. Project 17-31 was 
completed in August 2008. The work completed 
under project 17-31 has been published as NCHRP 
Reports 600A and 600B. 
 NCHRP Project 17-41 started in March 
2008 and is developing 5 additional chapters. The 
completion date for this project is March 2010. 
With the completion of Project 17-41 there are 7 
chapters remaining to be completed. 
 The Human Factors Guide (HFG) is 
intended to be a resource document for highway 
designers, traffic engineers, and other practitioners. 
The purpose of the HFG is to provide the best 
factual information and insight on road users’ 
characteristics, in a useful format, to facilitate safe 
roadway design and operational decisions. The 
impetus behind this effort was the recognition that 
current design references have limitations in 
providing the practitioner with adequate guidance 
for incorporating road user needs and capabilities 
when dealing with design and operational issues. 
 The work of this Joint Subcommittee is 
being coordinated with the development of the 
Highway Safety Manual being overseen by the TRB 
Task Force to Develop a Highway Safety Manual 
(HSM). The first edition of the HSM is expected to 
be produced after the completion of NCHRP Project 
17-36 in January 2009. While the HSM includes 
one section of a chapter on human factors, it will 
provide only a broad scope and not include 
guidelines. 
 The objective of this project is to complete 
the development of the Human Factors Guide.  
 The following tasks would be conducted: (1) 
literature review, (2) develop a list of topics under 
each chapter, (3) prepare annotated outline for each 
guideline, (4) develop draft guidelines, and (5) 
develop final guidelines. 
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♦ Project 17-48 
Development of a Strategic National Highway In-
frastructure Safety Research Agenda 
 
Research Field: Traffic 
Source: AASHTO Standing Committee 

on Highway Traffic Safety 
Allocation: $400,000 (Additional $100,000 

from Federal Highway Admini-
stration) 

NCHRP Staff: Christopher J. Hedges 
 

Reducing the number of fatalities and inju-
ries from highway traffic crashes is a high-priority 
goal shared by AASHTO, FHWA, and the States. 
While fatality rates have steadily decreased over 
time, the number of fatalities has remained unac-
ceptably high. While increased safety funding under 
SAFETEA-LU and States’ development and im-
plementation of strategic highway safety plans can 
be expected to significantly improve highway 
safety, research is needed to develop innovations 
that will be needed to achieve AASHTO’s goal of 
halving fatalities in 20 years. Achieving the greatest 
benefits from research will require well-targeted 
and coordinated research investment. 

At the request of FHWA and AASHTO, 
TRB convened an expert committee to provide an 
independent review of current processes for estab-
lishing research priorities and coordinating highway 
safety research activities. In TRB Special Report 
292, the committee presented its findings and rec-
ommended that “an independent scientific advisory 
committee should be established and charged with 
(1) developing a transparent process for identifying 
and prioritizing research needs and opportunities in 
highway safety, with emphasis on infrastructure and 
operations; and (2) using the process developed to 
recommend a national research agenda focused on 
highway infrastructure and operations safety.”  

This problem statement proposes an 
NCHRP project to implement expert committee’s 
recommendation. Development of a national re-
search agenda would support the Safety Manage-
ment Subcommittee of the AASHTO Standing 
Committee on Highway Traffic Safety in carrying 
out its highway safety research oversight and advo-
cacy responsibilities. 

The objectives of this project are to: (1) de-
velop a transparent process for identifying and pri-

oritizing research needs and opportunities in 
highway safety; and (2) using the process developed 
to recommend a national research agenda focused 
on highway infrastructure and operations safety. 
Specific tasks necessary to achieve these objectives 
include: 

 
1. Develop a process for identifying and prioritiz-

ing safety research needs that includes the fol-
lowing features: (a) a quantitative analytical 
approach that examines clearly defined criteria 
to determine the value of a research project or 
topic, and (b) the involvement of a mix of ex-
perts to formulate an agenda that is informed by 
the quantitative analysis results. 

2. Develop research priorities by applying the 
process to identify critical safety problems, 
identify potential research issues, assess the 
status of data and methodologies to conduct re-
search that addresses the problems, estimate the 
costs and timeframes for research, and assess 
the likely outcome of alternative research topics. 

 
 
♦ Project 20-83(06), FY 2010 
Effects of Socio-Demographics on Travel Demand 
 
Research Field: Special Projects 
Source: AASHTO Standing Committee 
on Research 
Allocation: $1,000,000 
NCHRP Staff: Christopher J. Hedges 
 

The transportation industry will face new 
and emerging challenges in the future that will dra-
matically reshape transportation priorities and 
needs. AASHTO recognizes that research can help 
ensure that transportation practitioners are equipped 
to deal with future challenges facing the industry 
over the next 30 to 50 years. For the fiscal year 
2009/2010 programs, AASHTO allocated 
$8,000,000 to examine longer term strategic issues, 
both global and domestic, that will likely affect 
state departments of transportation (DOTs). This is 
one of seven projects selected and deals with the 
effects of socio-demographics on travel demand.  

The profile of America is expected to 
change substantially over the coming 40 years. Ac-
cording to the U.S. Census Bureau, the U.S. popula-
tion is projected to increase to 438 million by 2050, 
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more than a 40% increase from the 2008 population 
of 304 million. This population will be more ethni-
cally diverse; over 80% of the projected population 
increase is attributed to immigrants and their de-
scendents. The population also will be substantially 
older; it is estimated that more than 20% of the U.S. 
population will be 65 years or older by 2050, com-
pared to 12.6% currently. The sizeable increase in 
population will create the need for more housing, 
employment, and services, which may lead to sub-
stantial impacts on travel patterns and demands. It is 
estimated that majority of the U.S. population will 
live in mega-regions, with more than 80% of the 
population in urban/metro areas, including suburbs. 
Baby boomers are expected to choose a ‘soft re-
tirement’ and continue to work part-time beyond 
retirement age. Young people coming out of full-
time education may increasingly choose to enter 
what they consider temporary, short-term jobs, 
which they use to finance international travel, vol-
unteering in nonprofit or arts-related careers, and/or 
continued education. These nontraditional workers 
are sometimes referred to as “Moofers” (Mobile 
Out of Office Workers). Potential changes in family 
structure, incomes, lifestyles, and social expecta-
tions also may occur. 

Transportation demand is a function of the 
number and types of people in an area, their life-
styles, and economic structure and activity. Many 
issues over the next 30 to 40 years will change the 
population’s transportation needs, travel patterns, 
and expectations regarding mobility. These include 
changes in demographics (e.g. population size, af-
fluence, ethnicity, age, etc.) and technologies that 
substitute or alter travel behaviors (e.g. telecommut-
ing opportunities or mode shifts). In addition to pas-
senger travel, changes in global and national 
economic activity, fuel prices, and policy will influ-
ence freight travel demand. The interplay between 
these issues is important as well. The effects of 
some trends, such as population growth, may miti-
gate or amplify the effects of others, such as the ag-
ing population or migration. In 2050, the U.S. 
population will be significantly larger, older, and 
more ethnically diverse than today. Clearly, these 
trends may dramatically influence transportation 
demands and patterns. Some of these trends suggest 
a dramatic increase in mobility needs – the addition 
of over 130 million more Americans in the next 40 
years, medical advances that enable older Ameri-

cans to have increasingly active lifestyles, and shifts 
in the growth areas within the U.S. suggest surging 
travel demands. At the same time, it is plausible that 
travel demands will not increase substantially, due 
to enhancements in information and communication 
technologies, changes in land use patterns (e.g., 
movement to urban, pedestrian-oriented areas that 
minimize vehicle travel demands), increases in fuel 
prices, and changes in attitudes toward transit and 
alternatives to driving. Furthermore, if a majority of 
the population increase is from immigrants, then 
their transportation habits may differ. The patterns 
of travel also could change substantially, with travel 
increasing for different types of trips, in different 
locations, and at different times than currently. 

Long-range transportation planning being 
conducted by States and Metropolitan Planning Or-
ganizations takes an outlook of 20+ years into the 
future, but is largely based on the current relation-
ships between demographics, land use patterns, and 
travel activities. A wide range of demographic, so-
cial, technological, and economic changes are likely 
to affect travel demands and patterns in the future. 
These changes, and their fundamental relationships 
to travel demand, are currently not well understood. 

The objective of this project is to determine 
how socio-demographic factors are likely to affect 
travel demand over the next 50 years, and to iden-
tify strategies and actions that can be used by state 
DOTs to plan and prepare for plausible future sce-
narios.  

The research should focus on understanding 
the fundamental relationships between social, 
demographic, and economic factors and travel de-
mands. These include effects such as increasing di-
versity, aging and retirement patterns, personal 
wealth, increasing immigration and its impact, in-
creasing mega-regions, changing regional migration 
patterns, and the decreasing size of households and 
changing family structures. It also would help to 
develop more accurate tools and approaches for 
forecasting travel demand and behavior. 

 
Note: At its March 2009 meeting, the AASHTO 
Standing Committee on Research recommended 
continuing the series of projects under Project 20-
83, Long-Range Strategic Issues Facing the Trans-
portation Industry, and allocated $3,000,000 for FY 
2010. From this amount, they selected two addi-



 

24 

tional projects from a list of previously suggested 
topics and allocated $1,000,000 to each one: (1) Ef-
fects of Socio-Demographics on Travel Demand, 
and (2) Sustainable Transportation System and Sus-
tainability as an Organizing Principle. These two 
projects are now being listed as “New Projects.”  

 
 

♦ Project 20-83(07), FY 2010 
Sustainable Transportation Systems and Sustain-
ability as an Organizing Principle for Transporta-
tion Agencies 
 
Research Field: Special Projects 
Source: AASHTO Standing Committee 

on Research 
Allocation: $1,000,000 
NCHRP Staff: Lori L. Sundstrom 
 

The transportation industry will face new 
and emerging challenges in the future that will dra-
matically reshape transportation priorities and 
needs. AASHTO recognizes that research can help 
ensure that transportation practitioners are equipped 
to deal with future challenges facing the industry 
over the next 30 to 50 years. For the fiscal year 
2009/2010 programs, AASHTO allocated 
$8,000,000 to examine longer term strategic issues, 
both global and domestic, that will likely affect 
state departments of transportation (DOTs). This is 
one of seven projects selected and deals with the 
integration of sustainability as a core principle in a 
DOT’s investment and operations decisionmaking 
processes. 

Building on related ongoing and completed 
research, this research will refine the definition of 
what constitutes a sustainable transportation system 
and demonstrate how DOTs can integrate sustain-
ability principles into their day-to-day operations 
and investment decision making, including long-
range planning, scenario development, and forecast-
ing activities. The research also should address in-
ternal processes and organizational schemes that 
would assist DOTs in institutionalizing sustainabil-
ity. 

Sustainability is likely to become a core fo-
cus for transportation agencies in the future, both 
because citizens and state legislatures are requiring 
it as a matter of public policy and because it has the 

potential to produce more cost-effective transporta-
tion solutions over the life span of a transportation 
facility. DOTs are challenged, however, to identify 
what a sustainable transportation system is in a 
manner that they find useful for purposes of making 
decisions that will balance short-term cost effec-
tiveness with long-term sustainability. Guidance is 
needed on how to achieve a sustainable transporta-
tion system that is economically feasible and sound, 
environmentally friendly or at least environmentally 
benign, and supports commerce and facilitates mo-
bility. DOTs also are interested in how their internal 
operations can be made to operate in a sustainable 
manner and how they can monitor their progress 
and measure success. 

This research should construct one or more 
scenarios in which DOTs will be asked to achieve 
sustainability goals that reflect likely conditions 30-
50 years in the future. The research should place 
key DOT activities such as forecasting, planning, 
project development, maintenance, and operations, 
in that future context and should at a minimum also 
consider basic relationships between transportation, 
public health, environmental justice, and quality of 
life in developing a framework for sustainability 
that will serve DOTs. The research will identify key 
elements of a long-term sustainable transportation 
system and strategy.  

Increasing societal awareness on the envi-
ronmental affects of the surface transportation sys-
tem has already led to new demands on DOTs to 
provide environmentally and socially responsive 
infrastructure and transportation services. To meet 
these expectations, DOTs may require data and 
models that can calculate marginal environmental, 
societal, and economic values of transportation sys-
tem performance and compare with marginal costs. 
In addition, the role of federal agencies and federal 
regulation and how they help or hinder the DOTs 
pursuit of sustainability should be considered. 
Building on research currently under way in the 
Strategic Highway Research Program 2, this project 
also may project how different and more compre-
hensive approaches to environmental protection and 
enhancement will enable DOTs to achieve a sus-
tainable transportation system. 
 
Note: At its March 2009 meeting, the AASHTO 
Standing Committee on Research recommended 
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continuing the series of projects under Project 20-
83, Long-Range Strategic Issues Facing the Trans-
portation Industry, and allocated $3,000,000 for FY 
2010. From this amount, they selected two addi-
tional projects from a list of previously suggested 
topics and allocated $1,000,000 to each one: (1) Ef-
fects of Socio-Demographics on Travel Demand, 
and (2) Sustainable Transportation System and Sus-
tainability as an Organizing Principle. These two 
projects are now being listed as “New Projects.”  
 
 
♦ Project 20-84 
Streamline and Simplify Right-of-Way Procedures 
and Business Practice 
 
Research Field: Special Projects 
Source: Federal Highway Administration, 

California, Oklahoma, Washing-
ton 

Allocation: $500,000 
NCHRP Staff: David A. Reynaud 
 
 Several State Departments of Transportation 
(DOTs) are considering revising their right-of-way 
business practices with the goal of simplifying and 
streamlining processes. Current right-of-way prac-
tice and procedure manuals are the products of 40 
years of statutes, case law, regulations, management 
styles and best practices. The procedural manuals 
have chapters to cover elements such as: a) ap-
praisal; b) appraisal review; c) relocation planning 
and assistance; d) relocation eligibility and supple-
mental payments; e) nonresidential relocations; f) 
acquisition and negotiations; g) legal settlements; h) 
eminent domain; i) titles and closing; j) property 
management; k) leasing; l) sale of excess property; 
m) mapping and geographic information systems 
(GIS); n) encroachments; o) contracting for ser-
vices; and p) administrative costs. 
 Procedures and guidelines are often an ac-
cumulation of historical practice or those adopted 
from other agencies. State procedures vary widely 
because of differences in State laws. Local agencies 
are required to follow State DOT procedural manu-
als when they use State or Federal funding. Ques-
tions arise as new staff try to understand the reason 
or underlying basis for requirements. Contractors 

and consultants face a wide array of requirements 
and forms among the various States. 
 This research is in support of the AASHTO 
Highway Subcommittee Right-of-Way and Utility 
strategic plan to provide leadership and support to 
member agency right-of-way staff. This research 
will provide new direction and lead to immediate 
cost savings by reducing the hours required to ac-
complish certain functions. This research will result 
in streamlined business practices that are easier to 
maintain, cost effective and result in delivery of 
projects sooner. 
 Research is needed to provide information to 
State DOTs and local agencies to rationally evaluate 
current right-of-way procedures and business prac-
tices; to determine what function is served by each 
procedure; to determine the need for each proce-
dure, i.e. statute or practice; to document the bene-
fits and operational logic for continuing a 
procedure, modifying, or eliminating it, evaluate the 
cost of maintaining current procedures and to quan-
tify the benefits from them. This includes, but is not 
limited to, the current cost of agents, training new 
agents and administrative costs on a parcel or tract 
basis. Determine what processes are essential to 
providing a consistent product and comply with 
statutory requirements, such as the Uniform Reloca-
tion Assistance and Real Property Acquisition Poli-
cies Act of 1970 (Uniform Act), as well as the most 
common elements of State eminent domain laws, 
identify institutional, political, and economic barri-
ers to the adoption of procedures that will be easier 
to maintain for the next 20 years, and examine and 
compare several common types of existing FHWA 
approved right-of-way manuals used by State DOTs 
and local agencies and common State regulations. 
 Agencies will be contacted and staff will be 
interviewed to ascertain what are the origins, pur-
pose and authorities for the existing procedures; 
what criteria and procedures are needed, as a mini-
mum, to protect owner and tenant rights; what pro-
cedures would work if the agency could start anew; 
how and/or whether procedures might be modified 
for local agency use, i.e., a stand alone manual for 
local agencies; what are the issues in administering 
procedures that need to be addressed to assure con-
sistent application; and what are the institutional, 
political, and economic barriers to implementation? 
 A major objective of the research will be to 
develop a rationale or basis for a new or modified 
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approach. This will include an objective analysis of 
all key elements mentioned above, i.e., appraisal, 
appraisal review, relocation, etc. 
 This research would culminate by analyzing 
the typical right-of-way business model for the four 
major elements of appraisal, acquisition, relocation, 
and property management, and developing a revised 
model that is less costly to maintain.  
 It would outline a sample procedural manual 
with forms that could be used to administer a sim-
plified and cost-effective right-of-way program that 
is responsive to national statutes and the Uniform 
Act. The resulting business model would be accom-
panied by a cost/benefit analysis and recommended 
roll-out implementation plan that could be readily 
adopted and applied by State DOTs and local agen-
cies for national consistency.  
 One of the initial goals of the Uniform Act 
was to create a fair and consistent process for the 
acquisition of real property by public agencies. This 
research would help us assure the continued uni-
formity of the process.  
 This research will be a direct follow-on to 
the 2008 International Scan for ROW and Utilities 
called “Integrating & Streamlining Right of Way 
and Utility Processes with Planning, Environment, 
and Design.” Ideas and strategies derived from the 
2008 International Scan will feed directly into re-
vised business practices. State DOTs who undertake 
pilot projects in 2009 will be able to use lessons 
learned and provide input to this research effort. 
The timing is beneficial for all parties in that this 
research product will bring about full implementa-
tion of the 2008 streamlining strategies. 
  This research will provide new direction and 
lead to immediate cost savings by reducing the 
hours required to accomplish certain functions. This 
research will result in streamlined business practices 
that are easier to maintain, cost effective and result 
in delivery of projects sooner. The effort devoted to 
training new right-of-way agents, who may or may 
not stay with the agency, is becoming cost prohibi-
tive and is time consuming. 
 It is anticipated that there will be many insti-
tutional barriers to overcome. Many right-of-way 
agents have adapted to the current procedures and 
will be resistant to change. State DOT legal staff 
also may resist changes, thinking that revised pro-
cedures may affect property owner rights. In order 
to address these barriers, the final research report 

should contain an outline of a revised procedural 
manual that would be sufficient to meet Federal 
regulations and laws, allowing each State to aug-
ment this information with specifics to address that 
particular State’s laws. 
 
 
♦ Project 20-85 
Wind, Solar, and Ground-Source Energy for 
Maintenance Area Facilities 
 
Research Field: Special Projects 
Source: Minnesota 
Allocation: $500,000 
NCHRP Staff: Edward T. Harrigan 
 
 In the face of rising energy costs, state 
DOTs are striving to reduce the energy require-
ments for heating, cooling, and maintaining their 
facilities. In addition to the customary options of 
oil, gas, and electrical energy, alternative sources of 
energy, including wind power, solar power, and 
ground-source heating and cooling, are being evalu-
ated for their cost effectiveness and reliability. 
While none of these alternatives to conventional 
energy sources may be effective alone in all situa-
tions, together they may provide appreciable sav-
ings in energy use for some facilities. In the future, 
energy conservation guidance for state agency fa-
cilities may mandate increased efficiencies in facil-
ity energy consumption. This research will evaluate 
active energy options including wind power, solar 
power and ground-source heating and cooling, as 
well as passive building and site modifications to 
reduce energy use. 
 The objectives of this research are to iden-
tify and evaluate effective, implementable means of 
energy conservation for maintenance and other state 
DOT facilities. 
 The following tasks are anticipated to ac-
complish these objectives: (1) assess alternative en-
ergy options currently employed at DOT-managed 
facilities; (2) assess potential areas/sites where al-
ternative sources of energy such as wind, solar, and 
ground-source heating/cooling may be effective; (3) 
assess maintenance area sites where passive site and 
building modifications have the most probability of 
reducing energy use; (4) prioritize a short list of 
sites where alternative energy sources and passive 
energy reduction measures would have the most 
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potential for being effectively employed in the near-
term (within 10 years); (5) using currently available 
technology for the three alternative energy options 
and passive site and building measures, develop 
preliminary, detailed plans for installation of one 
option at each of four selected sites reflecting differ-
ing climatic and physiographic regions within one 
or more states; (6) develop cost performance meas-
ures for evaluation of reduced energy use and re-
lated cost effectiveness for each of the four options 
employed; and (7) in partnership with a DOT, con-
struct and maintain applicable structures and meas-
ures for the four options and monitor effectiveness 
for two years in accordance with the established 
performance measures. 
 
 
♦ Project 20-86 
Skill Set Requirements and Career Opportunity 
Awareness for Transportation Systems Operation 
and Management Needs at High School and Col-
lege Levels 
 
Research Field: Special Projects 
Source: California 
Allocation: $375,000 
NCHRP Staff: Andrew C. Lemer 
 

There is an accelerating shift in state De-
partments of Transportation (DOTs) away from the 
more traditional design and construction function of 
civil engineering to a systems operation and man-
agement (SOM) function. Fewer engineering stu-
dents, coupled with the imminent departure of the 
over-represented older groups of engineers (over 40 
years old) will soon deplete the ranks of qualified 
transportation professionals. A study done by the 
Texas Transportation Institute in 1998, for example, 
noted that the “…increased emphasis on transporta-
tion systems operation and management requires a 
skill set not available in traditionally trained stu-
dents.” 

Research has confirmed the need to provide 
outreach to students at all educational levels, par-
ticularly middle school and high school, to posi-
tively influence students’ interest in transportation-
related engineering careers. Programs have been 
implemented in a number of regions with this goal. 
However, there is little information on how much 
emphasis is placed on highlighting career opportu-

nities for transportation engineering SOM functions. 
Research is needed to address the shift in emphasis 
from capital programs to operations and manage-
ment and how to motivate students to be interested 
in this aspect of a career in transportation.  

The objective of this research will be to de-
fine a set of knowledge, skill, and ability require-
ments needed by the DOTs for their current and 
future engineers relative to the increased emphasis 
on SOM responsibilities. The research will include 
proposals for high school and college curriculum 
enhancements that will better meet the future work-
force needs of the DOT. The research also will pro-
pose outreach programs for grades 6-12 and 
undergraduate students that emphasize the ex-
panded career opportunities of different engineering 
skills beyond those of design/build, to include SOM 
activities within the DOT. 
 
 
♦ Project 22-20(02) 
Design of TL-5 Roadside Barrier Systems Placed 
on MSE Retaining Walls  
 
Research Field: Design 
Source: Texas 
Allocation: $500,000 
NCHRP Staff: Charles W. Niessner 
 

NCHRP Report 350: Recommended Proce-
dures for the Safety Performance Evaluation of 
Highway Features and its successor, the AASHTO 
Manual for Assessing Safety Hardware (MASH), 
define impact performance criteria for roadside bar-
rier systems. These documents define six different 
test levels of increasing impact severity that incor-
porate varying impact speeds and vehicle types. 
These test levels provide a basis for establishing 
warrants for the application of roadside barriers for 
roadway facilities with different levels of use (i.e., 
service levels).  

The design test vehicle for Test Level 5 is an 
80,000-lb tractor-van trailer. A TL-5 barrier may be 
warranted along high-speed roadway sections with a 
significant percentage of truck traffic. Several state 
departments of transportation require TL-5 barriers 
on certain highway facilities, and numerous other 
states use such barriers when site conditions war-
rant.  
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A situation that is commonly encountered 
throughout the country is the use of mechanically 
stabilized earth (MSE) retaining walls at bridge ap-
proaches. It is estimated that 10 million square feet 
of MSE retaining wall is constructed annually in the 
United States. Most MSE retaining walls used in 
highway fill applications are constructed with a 
roadside barrier system consisting of a traffic bar-
rier connected to a below grade moment slab or 
foundation. The moment slab is intended to provide 
stability to the barrier system during an impact and 
reduce the influence of barrier impact loads on the 
underlying retaining wall system by distributing the 
load over a wide area. Current procedures and de-
sign details for roadside barriers placed on retaining 
walls vary widely among state highway agencies. 
Most designs currently used are overly conservative 
because of inadequate understanding of how barrier 
impact loads are distributed through the barrier and 
transferred to the moment slab and wall system. 

Under NCHRP Project 22-20 “Design of 
Roadside Barrier Systems Placed on MSE Retaining 
Walls,” guidelines were developed for designing the 
barrier moment slab and MSE wall to withstand ve-
hicle impact loads. However, the scope of the pro-
ject was limited to passenger vehicle impacts (i.e., 
Test Level 3) and did not include consideration of 
large trucks.  

The interaction and impact loads associated 
with large truck impacts (e.g., Test Level 5) are 
substantially different than those associated with 
passenger vehicle impacts. The magnitude of the 
impact load for a TL-5 truck impact is 3 to 4 times 
greater than the load associated with the 5,000-lb 
pickup truck that is the design vehicle for TL-3. 
Further, the height of the applied load is much 
greater for a TL-5 impact, and the articulated nature 
of the tractor-van trailer results in three distinct im-
pact events with the barrier.  

Additional research is needed to enhance our 
understanding of the behavior of an MSE wall and 
barrier moment slab system when subjected to large 
truck impacts. Developing guidelines for the use of 
truck barriers on MSE walls will permit the devel-
opment of more relevant and cost effective designs 
for the barrier moment slab and MSE wall. This 
project will build upon and extend the work accom-
plished and guidelines developed under Project 22-
20, and eliminate the need to extrapolate knowledge 

from a TL-3 impact to a TL-5 impact, which has 
more than four times the impact severity.  

The objective of this research is to develop, 
in a format suitable for adoption by AASHTO, pro-
cedures and guidelines for designing roadside bar-
rier systems placed on mechanically stabilized earth 
retaining structures to resist impacts from large 
trucks. The project will consist of engineering 
analyses, computer modeling, and full-scale testing 
of a tractor-van trailer into a barrier placed atop an 
instrumented MSE retaining wall.  

The guidelines should address Test Level 5 
(TL-5) impacts consisting of an 80,000-lb tractor-
van trailer impacting the barrier at a speed of 50 
mph and an angle of 15 degrees. Specific considera-
tions include defining appropriate design loads for a 
TL-5 impact, and developing procedures for sizing 
the moment slab and designing the MSE wall when 
truck barriers are required.  
 
 
♦ Project 24-34 
Risk-Based Approach to Bridge Scour Prediction 
 
Research Field: Soils and Geology 
Source: AASHTO Highway Subcommit-

tee on Design 
Allocation: $500,000 
NCHRP Staff: Waseem Dekelbab 
 
 Current practice for the prediction of scour 
depth at bridge piers and abutments uses empirical 
equations developed primarily from laboratory-
scale studies, supplemented by limited data from 
field measurements. Equations for contraction scour 
(both clear-water and live-bed conditions) are based 
on an approach that combines both empirical and 
deterministic relationships. Additionally, the statis-
tical analysis that was performed on the data col-
lected from the laboratory studies and was used to 
create these relationships employs various statistical 
approaches that possibly provide more conservative 
results than necessary. When you also take into ac-
count the uncertainty associated with the develop-
ment of key parameters used in the empirical 
relationships, the room for error is significant. In 
contrast, because of numerous advantages, bridge 
structural engineers, and more recently geotechnical 
engineers, have adopted Load and Resistance Factor 
Design (LRFD) which is a probabilistic approach to 
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design. LRFD considers a probabilistic approach 
and allows for the possibility of assessing the level 
of risk associated with a given design. There is a 
need for the bridge scour engineer to have the op-
tion of performing scour calculations using prob-
abilistic methods so that risk can be more 
appropriately assessed and the option of something 
other than the most conservative design considered. 
 Current practice for determining the total 
scour prism at a bridge crossing involves the calcu-
lation of various scour components (e.g., pier scour, 
abutment scour, contraction scour, and long-term 
channel changes). Using the principle of superposi-
tion, the components are considered additive and 
the scour prism then is drawn as a single line for 
each frequency flood event (e.g., 50-year, 100-year 
and 500-year flood events). This approach does not 
provide an indication of the uncertainty involved in 
the computation of any of the additive components. 
Uncertainties in hydrologic and hydraulic models 
and the resulting uncertainty of relevant inputs (e.g., 
design discharge, flow duration, velocity, depth, 
flow direction, etc.) to the scour calculations will 
have a significant influence on scour prediction. 
 To develop an overall estimate of confi-
dence in the estimated scour magnitude, one must 
examine the level of confidence associated with the 
results of the hydrologic analysis (design dis-
charges, flow duration, etc.), the level of confidence 
associated with the hydraulic analysis (depths, ve-
locities, flow direction, etc.), and the level of confi-
dence associated with the scour estimates (pier, 
abutment, contraction, long-term channel changes, 
etc.). Scour reliability analysis involves quantifica-
tion of the uncertainties in each of these steps and 
then combines them in such a way that the overall 
estimate of confidence is known for the final predic-
tion of scour. 
 For the hydrologic analysis component, the 
desired end product could result in a probability 
density function (PDF) of the peak discharge. This 
can be done by examination of the flood flow fre-
quency curve developed from gage records. If no 
gage records are available and regional regression 
equations are used, levels of confidence based on 
the results of the statistical analysis used to develop 
the regression equations can be used. If a single or 
lumped-parameter hydrologic model is used, impor-
tant parameters could be identified, a PDF devel-
oped for these parameters, and a Monte Carlo 

simulation of these parameters could be performed 
to obtain the PDF of the peak discharge. The same 
can be performed for the hydraulic model except 
that the PDFs of the relevant hydraulic parameters 
would be developed using Monte Carlo simulations.  
 Current practice provides an estimate of 
scour based on the hydrologic and hydraulic condi-
tions associated with a specified design event (a 
100- or 500-year flood, for example). The scour 
equations are generally understood to be conserva-
tive in nature, and have been developed as “enve-
lope” curves for use in design. The research 
objective is to develop a methodology that can be 
used in calculating bridge scour so that the scour 
estimate can be linked to a probability; for example, 
there is a 95.0% probability that the maximum 
scour will be 8.3 feet or less over the life of the 
bridge. 
 To achieve this objective, at a minimum the 
following tasks must be performed: 
 
1. Review of existing knowledge: Some work along 

these lines has already been done in the area of 
hydrologic and hydraulic analysis. Relating the 
uncertainty associated with the hydrologic and 
hydraulic analysis to the uncertainty associated 
with the scour estimation techniques needs to be 
performed. Other disciplines where risk and re-
liability approaches are being integrated into 
engineering design also should be explored and 
documented by the research team. 

2. Identify uncertainties: This task will consist of 
identifying and evaluating the parameters asso-
ciated with each of the various components (hy-
drology, hydraulics, and scour). 

3. Formulate the methodology: This task will con-
sist of combining the uncertainty associated 
with each of the various components (hydrol-
ogy, hydraulics, and scour) into a procedure to 
use for scour prediction. The results of this task 
will ultimately lead to a probabilistic method to 
compute and evaluate bridge scour that will be 
consistent with LRFD approaches used by struc-
tural and geotechnical engineers. 

4. Proof of concept: This task will consist of vali-
dating the methodology against data sets where 
variability in measured scour has been quanti-
fied. The new methodology must be demon-
strated to be consistent with probabilistic 
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approaches currently used by bridge structural 
and geotechnical engineers. 

5. Final Report: The final report will be written in 
two parts. The first part will document the re-
search performed to arrive at the methodology. 
The second part will be written in the form of a 
manual that provides design guidelines for prac-
titioners in the field of bridge scour calculation. 

 
 Currently scour estimates at bridge founda-
tions use the best available technology, but are still 
roundly criticized as being overly conservative. The 
most common complaint is that the equations that 
were developed under laboratory conditions don’t 
fit conditions at the site. Often this results in deeper 
foundations than necessary which leads to more 
costly bridge designs, which can stress already 
overloaded state department of Transportation 
budgets for bridge replacement and repair. Bridge 
designers and engineers are in need of a tool to 
make cost versus reliability tradeoff decisions with 
respect to scour and foundation design. A reliabil-
ity-based design procedure for estimating scour at 
bridges will provide a consistent methodology for 
making decisions on design scour depth based on 
calculated risk instead of estimates which can be 
overly conservative. 
 The pay-off is a scour estimate that will be 
more reliable in that it will be tied to a selected 
level of reliability that can be effectively communi-
cated to the public. This type of approach will help 
alleviate over-conservatism in bridge design incon-
sistent with accepted target risk levels. 
 
 
♦ Project 25-32 
Enhanced Stormwater Treatment BMPs in Highly 
Urbanized Areas 
 
Research Field: Transportation Planning 
Source: Washington 
Allocation: $300,000 
NCHRP Staff: Christopher J. Hedges 
 
 Starting in the late 1980s, efforts to address 
polluted runoff have increased significantly, and the 
requirements for treating the runoff also have gotten 
more stringent. Not long ago, most highway runoff 
could be treated using a few simple treatment meth-
ods such as bioswales, wet ponds, or vegetated filter 

strips. However, lately the treatment requirements 
have been shifting to include the removal of dis-
solved metals. In Washington State, besides oil and 
phosphorous control, there are two significant 
groups of Best Management Practices (BMP), these 
are basic treatment BMPs and enhanced treatment 
BMPs. The basic treatment BMPs target the total 
suspended solids (TSS), and enhanced treatment 
BMPs not only target the TSS, but also the removal 
of dissolved metals. While the specific requirements 
for removing metals may be different from one state 
to another, there is a trend nationwide that dissolved 
metals in stormwater is becoming more of a concern 
to the regulatory agencies, particularly in highly ur-
banized areas where traffic volumes are high and 
treatment options are limited.  
 The current available and approved en-
hanced treatment BMPs that are effective in remov-
ing dissolved metals include the following: media 
filter drains (previously known as ecology em-
bankment), compost-amended vegetated filter strips 
(CAVFS), constructed stormwater treatment wet-
land, sand filtration treatment BMP (amended or 
large sand filter), two facility Treatment trains, and 
bioretention. In highly urbanized areas, the ability 
to utilize these current BMPs is limited significantly 
by the lack of available space.  
 The objective of this project is to develop 
one or more enhanced treatment BMPs that could 
be used in highly urbanized areas. Task would in-
clude the following:  
 
1. Gather all available information and the facts 

about enhanced treatment BMPs through litera-
ture review and talking to other researchers, 
stormwater treatment vendors, and professors in 
universities and other public agencies such as 
department of transportation from other states. 
The gathered information could be the available 
technologies to remove dissolved metals in 
stormwater, BMPs that could be used in highly 
urbanized areas, the pros and cons for each 
BMPs, maintenance concerns, etc. The approv-
ing authority agencies would be involved during 
the developing process to get early buy-in. 
Timeframe: 3 months to 6 months. 

2. Come up with one or more practical enhanced 
treatment BMPs potentially that could be used 
in highly urbanized areas. Various tests will be 
done in the labs to validate the conceptual de-
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signs. Mini models would be built to test the 
conceptual designs. Seek conceptual approval 
from appropriate agencies such as Washington 
State Department of Ecology. Timeframe: 6 
months to 12 months. 

3. If the conceptual designs work and the lab tests 
validate the design theories, the full scale mod-
els would be tested in situ. Timeframe: 1 year to 
3 years. 

 
 The proposed BMPs could have small foot-
prints that could be easily installed under the side-
walks. Low impact development (LID) would be 
considered in the development process; in this re-
gard, landscape areas in the median or between the 
curbs and the sidewalks would be considered to see 
if the landscape areas can be utilized as part of the 
treatment mechanism. The BMPs would likely re-
move the sediments and dissolved metals by using 
gravity feed, filter systems and uptake by plants. To 
achieve a small footprint, a highly effective filter 
will be essential. The more effective the filter, the 
greater the pollutant decrease, resulting in a smaller 
footprint requirement compared to other less effec-
tive filter systems. The targets for enhanced treat-
ment BMPs are the removal of 80% or more of total 
suspended solids (TSS) and the ability to provide a 
significantly higher rate of removal of dissolved 
metals than basic treatment BMPs for influent con-
centrations ranging from 0.003 to 0.02 mg/L for 
dissolved copper and 0.02 to 0.3 mg/L for dissolved 
zinc. Long term operation and maintenance costs 
would be considered during the BMP’s develop-
ment.  
 
 
♦ Project 25-33 
Evaluation of the Methodologies for Visual Im-
pact Assessments 
 
Research Field: Transportation Planning 
Source: California, Rhode Island 

Allocation: $100,000 (Additional $100,000 
from Federal Highway Admini-
stration)  

NCHRP Staff: Nanda Srinivasan 
 
 National Environmental Protection Act 
(NEPA) requires that visual impacts be considered 
for highway improvement projects. To assist State 
Departments of Transportation (DOTs), the FHWA 
developed Visual Impact Assessment for Highway 
Projects in 1981 to provide guidance in analyzing 
and quantifying visual impacts for highway propos-
als. This is the standard methodology used through-
out the country to identify visual impacts for 
highway improvements. The guidance is over 27 
years old and has not been evaluated for effective-
ness, nor have any substantial updates been made. 
As a result, some DOTs have modified this meth-
odology to meet their needs. This implies that the 
FHWA methodology may no longer be effective in 
meeting NEPA requirements for the protection of 
scenic quality. To understand the value of the cur-
rent FHWA guidance and to justify the substantial 
resources needed to prepare visual impact assess-
ments, there is a critical need to understand the use-
fulness of the guidance as an effective 
environmental assessment tool for evaluating scenic 
impacts of highway design. Research on this topic 
could provide recommendations for updating the 
current FHWA visual analysis guidance, benefiting 
DOTs nationwide by streamlining the methodology. 
 Using accepted research methods, a consult-
ant would survey DOTs to determine applicability 
and effectiveness of the FHWA visual analysis 
process in assessing visual impacts for highway 
projects. Research would determine if the FHWA 
methodology is still being used, has been modified, 
or if the DOTs have adopted their own approach. 
The project would include an examination of 50 to 
75 highway projects of different sizes across the 
country to determine if the visual impact studies 
were instrumental in protecting scenic resources 
identified in the environmental reports. 
 

 


