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How Pavement and Bridge Conditions Affect Transportation System Performance

EXECUTIVE SUMMARY

State Departments of Transportation (DOTS) strive to balance multiple objectives. With limited
resources, they try to keep pavements and bridges in good repair, reduce crashes, alleviate
congestion, improve travel-time reliability, increase resilience, protect the environment, and
contribute to livable communities.

This report examines how those objectives do not occur independent of one another. As State
DOTs maintain bridges and pavements in good repair, they also can contribute to crash
reduction, increased resilience, improved travel-time reliability, and many other performance
objectives. These performance areas may have separate metrics, but they have common linkages.
For example, a pavement in good repair may have adequate friction and shoulders that can
reduce crashes. Well-maintained bridges can contribute to the efficient movement of freight by
allowing permitted super-loads to traverse a region. Robust bridges, culverts, and drainage
structures contribute to resilience during extreme weather events so that roadway pavements are
not washed out during storms.

This report notes that when asset condition gaps are closed, system performance gaps often are
reduced. It describes linkages between pavements and bridges in a state of good repair (SOGR)
and achievement of other transportation performance objectives. It summarizes issues such as
how:

e The SOGR of pavements and bridges supports transportation system performance
objectives, primarily safety, freight reliability, resilience, and other transportation system
performance objectives.

e The transportation asset management plan (TAMP) requirements developed under 23
Code of Federal Regulations (CFR) Part 515 support multiple performance plan areas and
do not only focus upon achieving National Highway System (NHS) pavement and bridge
objectives.

e Each TAMP section can reference its contribution to other performance plans, such as the
Strategic Highway Safety Plan (SHSP)?! or the State Freight Plan?.

Increasingly relevant in today’s performance environment is the specificity about how pavement
and bridge conditions support multiple transportation system performance objectives. Research
indicates what thresholds of pavement and bridge conditions influence safety, mobility,
reliability, sustainability, resilience, and other performance objectives. For example, research:

¢ Quantifies the correlation between pavement rutting and crash rates

¢ Indicates how International Roughness Index (IRI) levels influence crashes

e Explains the links between pavement friction and safety or condition and noise levels

e Links the condition of shoulders to crash rates and the condition of roadway drainage to
water quality

e Shows how bridge conditions can influence freight mobility and transportation system
resilience

TAMP updates provide opportunities to consider how investments in the SOGR support multiple
performance objectives. Updates of TAMPs and other performance plans and programs provide

1
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State DOTSs opportunities to evaluate tradeoffs and identify synergies between condition and
performance. These plans and programs include the TAMP, the SHSP, the Highway Safety
Improvement Program (HSIP), and the State Freight Plan. Also, the long-range statewide
transportation plan (LRSTP) and the Metropolitan Transportation Plans (MTPSs) provide
additional opportunities for coordination.

How to balance investments to enhance condition and multiple transportation objectives is not
always clear. For example, a DOT may apply a pavement preservation treatment to extend a
pavement’s life. However, research indicated that in some cases, pavement preservation
treatments decreased pavement friction, which could increase the probability of crashes.
Research shows that mixes that can make a pavement quiet may not always make it long lasting.
The most economical urban pavement treatment may not support Active Transportation or
Complete Streets.>*As plans are developed, stakeholders can be consulted, data can be reviewed,
objectives can be evaluated, and trade-offs can be made. The risk-based TAMP development
process can assess threats to condition and performance and opportunities to enhance both.
Coordination between performance plans and programs could identify opportunities to pool
resources, combine projects, or identify shared objectives. The links between condition
objectives and performance objectives could be better reflected in projects and investment
strategies. By capitalizing on today’s unparalleled access to data and research, State DOTSs can
simultaneously enhance asset conditions and system performance.

What This Document Includes

This document includes 10 chapters that examine issues, such as how TAMPs can:

e Link to other performance plans, such as the SHSP

e Support safety through comprehensive pavement management processes

e Manage bridges to achieve multiple performance objectives

e Increase transportation system resilience through sound bridge and pavement
management

e Enhance drainage assets to withstand extreme storm events

e Document the lack of research on how the SOGR supports mobility, operations, or travel-
time reliability

e Consider pavement and bridge contributions to Complete Streets and Active
Transportation

e View performance plan updates as opportunities for cross-asset and cross-program
collaboration

e Summarize how assets in good repair support comprehensive performance management
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CHAPTER 1. LINKING THE TAMP TO SYSTEM PERFORMANCE OBJECTIVES

As States’ asset management processes further mature, they are likely to strengthen the linkages
between asset conditions and system performance. TAMPs are likely to increasingly emphasize
the connection between the SOGR and safety, mobility, and reliability. Some linkages between

asset conditions and performance include:

e Safety improves when pavement friction is good, ruts are minimal, and shoulders reflect
a section’s safety needs.

e Quiet pavements can reduce noise and improve a neighborhood’s quality of life, which
allows pavement strategies to support community objectives stated in the MTP or
LRSTP.

e Smooth pavements can reduce fuel consumption and vehicle operating costs.

e Freight movement improves when bridges are not load limited.

e Roads can be more resilient when bridges, pavements, and other assets can withstand
increased storm events, increased precipitation, pavement flooding, and rising sea levels.

e Bridges, roads, and streets can be managed to support Active Transportation? if the State
DOT wants its TAMP to explicitly support such objectives.

e Roadways and their drainage assets can support improved water quality if the state DOT
wants to link its investment strategies directly to environmental objectives.

Although the asset management rule in 23 CFR Part 515 requires TAMPs to only include NHS
pavements and bridges,® many State DOTs are extending asset management efforts beyond those
minimums. Twenty-two States included all State-managed routes in the 2019 TAMPs. Also,
several States included other assets such as intelligent transportation systems (ITSs), culverts,
drainage assets, signs and signals, and even buildings.*

The emphasis on NHS performance, as well as on asset conditions, is emphasized in the TAMP
requirements stated in 23 CFR Part 515. It states, in part, “A State shall develop a risk-based
asset management plan that describes how the NHS will be managed to achieve system
performance effectiveness and State DOT targets for asset condition, while managing the risks,
in a financially responsible manner, at a minimum practicable cost over the life cycle of its
assets.”

Also included in 23 CFR Part 515 is, “A State DOT shall develop and implement an asset
management plan to improve or preserve the condition of the assets and improve the
performance of the NHS.”®

Definitions in 23 CFR Part 515 also emphasize performance, as well as condition. Performance
of the NHS is defined as, “the effectiveness of the NHS in providing for the safe and efficient
movement of people and goods where that performance can be affected by physical assets. This
term does not include the performance measures established for performance of the Interstate
System and performance of the NHS (excluding the Interstate System) under 23 U.S.C. 150
(©)(3)(ii)(A)(IV)-(V).”" The Federal Highway Administration (FHWA) defines performance
gaps as “the gaps between the current asset condition and State DOT targets for asset condition,




How Pavement and Bridge Conditions Affect Transportation System Performance

and the gaps in system performance effectiveness that are best addressed by improving the
physical assets.”®

Another reason for State TAMPs to strengthen linkages between asset condition and
performance comes as State DOTS use their TAMP to support their agency’s mission. TAMPs
must include objectives that “should align with the State DOT’s mission.”® Improving the
“quality of life” is a common element in many State DOTs’ mission statements.*%112 One
typical example is from the Illinois Department of Transportation, whose mission statement
includes, “It is our mission to provide safe, cost-effective transportation for Illinois in ways that
enhance the quality of life, promote economic prosperity, and demonstrate respect for our
environment.”**Another is from the Connecticut Department of Transportation, which states,
“The mission of the Connecticut Department of Transportation is to provide a safe and efficient
intermodal transportation network that improves the quality of life and promotes economic
vitality for the State and the region.”*

If a State DOT chooses, it can expand its TAMP’s focus to include more than the minimum
requirements of only including NHS pavement and bridge assets. *°In addition to NHS bridge
and pavement assets, “State DOTs are encouraged, but not required, to include all other NHS
infrastructure assets within the right-of-way corridor and assets on other public roads. Examples
of other NHS infrastructure assets include tunnels, ancillary structures, and signs. Examples of
other public roads include non-NHS Federal-aid highways.”*°

Source: iStock.

Figure 1. Photo. The SOGR can include both pavement condition and the roadway’s ability
to support multiple modes of transportation.
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TAMPs may consider not only the physical condition of assets, but also how assets support
performance of multiple transportation objectives, such as Active Transportation. As seen in
Figure 1, the definition of the SOGR for a roadway could include whether it supports Active
Transportation objectives, as well as bridge and pavement condition targets. States have the
option of defining asset performance to include more than only achieving a bridge or pavement
condition target.

TAMPs also “shall discuss how the plan’s investment strategies collectively would make or
support progress toward. ... achieving the national goals identified in 23 U.S.C. 150(b).”*” Those
goals include safety, infrastructure condition, congestion reduction, system reliability, freight
movement and economic vitality, environmental sustainability, and reduced project-delivery
delays.®

If a State DOT’s TAMP includes more than NHS bridges and pavements, then linkages between
assets’ condition and performance can expand. Examples include:

e Maintaining sidewalks and bike lanes, as well as roadways, can improve safety and
environmental sustainability, and support State and metropolitan Active Transportation
objectives.

e Drainage assets in good condition complement environmental sustainability and
reliability goals.

e Well-maintained safety barriers, signage, lighting, and pavement markings improve
safety performance.

Measures and targets can focus attention on how the condition of assets affects performance in
multiple areas. One example could be how the age and condition of ITS assets affect travel time
reliability. Another could be whether urban bridges accommodate bicycling and walking. A third
could be if urban pavement sections include sidewalks and curb ramps.

Another avenue for expanding consideration of how condition affects performance relates to the
TAMP’s definition of SOGR. Each State DOT defines its SOGR.® A State DOT could adopt a
definition of SOGR to include more than achieving an asset condition target. Good repair could
include the asset’s ability to support multiple objectives. Those could include safety, reliability,
environmental sustainability, freight mobility, livable communities, or supporting active
transportation.

Further reasons for linking TAMPs to system performance comes from the TAMP’s linkage to
the statewide and metropolitan planning processes.?®?1:22 As cited later in this report,
metropolitan plans often include objectives such as reducing pedestrian crashes and promoting
Active Transportation. TAMPs and asset management efforts can contribute to these objectives
when pavement and bridge programs are linked to them.

State DOTSs could use every TAMP section to strengthen the emphasis of how asset conditions
affect system performance. For example, State DOTSs could if they chose to:

e Include TAMP objectives stating that bridge and pavement assets will be managed to
support safety, resilience, reliability, environmental sustainability, and other priorities
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e Assess through measures and targets the extent to which bridge and pavement assets
support those other objectives

e Analyze how gaps in conditions such as pavement friction could contribute to safety
performance gaps

e Mitigate risks in other performance areas by improving bridge and pavement assets; an
example could be including Safety Edges®™ on rural pavements to help mitigate roadway
departure crashes

e Lifecycle-based strategies for bridges and pavements could include consideration of
whether the assets need widened to support Active Transportation, or long-term mobility.

e Financial plans and investment strategies could include more than only funding to
achieve bridge and pavement condition targets. They also could include funds to
contribute to broader system performance objectives.

State bridge and pavement programs face additional costs when they consider more than just
asset condition targets. However, achieving a SOGR could require considerations beyond the
pavement or bridge condition targets. A broader definition of SOGR could strengthen the
linkages between asset conditions and system performance.
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CHAPTER 2. LINKAGES BETWEEN PAVEMENT CONDITIONS AND SAFETY

This document now turns to more detailed examples of how pavement in good repair contributes
to good performance. Research documents the pavement-performance linkage. This is
understandable given pavement’s link to safety, fuel consumption, and noise, but also
pavements’ contribution to resilience, environmental justice, mobility, and sustainability.

How Pavements in Good Repair Affect Safety

Research findings on the connection between highway safety and pavement conditions are not
always conclusive. The effect of pavement friction and shoulders on crashes is well-documented.
However, other pavement-surface effects on safety are less certain. In some research, better
surface conditions led to higher speeds and more crashes. In other cases, pavement treatments
that increased friction and reduced rutting and hydroplaning lowered crash rates.

To effectively link pavement management and safety, collaboration between TAMP staff,
pavement managers, and safety experts may be needed. The TAMP can be one vehicle for such
collaboration. The TAMP can help state DOT staff:

e Collaborate across programs to link pavement conditions and safety

e Coordinate funding between safety and pavement programs to maximize each program’s
results

e Document the State DOT’s holistic approach ensuring pavement conditions support
safety objectives

Collaboration between the TAMP stakeholders, pavement managers, and safety experts could be
valuable. Together they could identify the specific pavement distresses at specific locations that
can reduce crashes and improve pavements.

This document now examines specific pavement conditions and how they link to safety. The
document starts first by discussing the pavement friction-safety linkage that could be considered
in the TAMP.

The Connection Between Pavement Friction and Safety

By at least the 1950s, engineers found correlations between low friction values and highway
crashes.?3 “Double the skid resistance and halve the accidents,” is a quote from one British
recommendation for treating wet-weather crashes which reflects researchers’ finding of
correlation between crashes and skid resistance®.

Although that British study and other research indicates a correlation between crashes and skid
values, the crash reduction depends upon treating specific pavements with the proper treatment.
The role of friction and crash reduction can vary by site and by weather condition.

A TAMP program manager is likely to focus on IRI values, rutting, cracking, and faulting
because those relate to the measures and targets the TAMP must address.> However, research
indicates that in many cases, it is friction and not those metrics that drive pavement-related crash
reduction.® Also, research into how those measures influence safety has been more limited than
other types of safety research.’
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One study compared the Pavement Serviceability Index (PSI) to IRI and to rutting depth (RD).®
It found the PSI to be a better measure of pavement-crash correlation than IR1 or RD. The New
Zealand Transportation Authority (NZTA) has extensively studied pavement conditions and
crash rates. It also found a weak correlation between IRI, rut depth (RD), and crash rates.®
Another study compared a composite pavement-condition index and pavement marking
conditions to individual measures, such as RD.'° The composite measure more closely correlated
to crash rates than did IR1 or RD. A Florida study produced nuanced findings correlating
pavement conditions to crash rates. It concluded that poor pavement conditions, as defined by the
State, were associated with less-severe single-vehicle collisions on low-speed roads.!! The study
found that vehicle speeds decreased when road conditions were poor. However, the effect was
reversed on high-speed roads. Multiple-vehicle crash severity increased with pavement condition
degradation on all road types. The authors of that study concluded that a pavement-safety
measure is urgently needed.'?

These nuanced findings suggest close
collaboration during TAMP development between
State DOT asset managers, safety staff, and
pavement managers. The relationship between
pavement condition and crashes could influence
how to effectively allocate limited pavement and
safety funds. Several studies found that a high
benefit-cost ratio for friction treatments depends
on applying them at the proper locations.
Applying them where not needed increases costs
and creates more rolling resistance that lowers tire
life and fuel economy.*® An additional complexity
is that a site’s skid resistance changes over time.
Sites that were treated can within five years lose
some of their friction.** Even changes in seasons,
temperature, and monthly precipitation can
influence the skid values of a location.® In
addition, data from Continuous Pavement Friction
Measurement (CPFM), combined with crash data
and road characteristics, provide significant
insight regarding whether friction improvements
Source: iStock may reduce crashes. 16
Figure 2. Photo. Heavy rain seen through
a windshield.

FHWA’s report Evaluation of Pavement Safety
Performance notes that as little as 0.002 inches of
water reduces pavement friction by 20 to 30 percent.}” Wet conditions as seen in Figure 2
increase the importance of pavement friction to achieving safety objectives.

A Texas Department of Transportation (TxDOT) friction research project found clear benefit-
cost thresholds.® When a location’s skid number (SN) was as low as 14, treatment provided a
40-1 benefit-cost ratio. Treating a location with a SN of 28 produced a 20-1 benefit-cost ratio.
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When the SN was 73, the treatment’s benefit-cost ratio dropped to 1-1. The study documented
the significant benefits of maintaining critical SN thresholds. When skid values were above the
critical threshold, treatment benefits fell. The critical threshold varies by location.

NZTA supplements its pavement management process with annual system-wide skid
measurement.® It found that wet weather crashes were occurring primarily on curves that it
termed “out of context.” Those were ones with high approach speeds or radii that were difficult
for a driver to anticipate. A comprehensive approach to addressing SNs produced benefit-cost
ratios above 20-1. Those high benefits, however, only occurred on targeted, high-risk sites.

Reducing skid-related crashes depends upon understanding friction’s effects?® (Figure 3).
Friction characteristics include a pavement’s micro-texture and macro-texture. Micro-texture is
the degree of roughness imparted by individual aggregate particles. Macro-texture is the degree
of roughness imparted by deviations among particles.?* Micro-texture and macro-texture are
different than roughness. Roughness is measured by IRI. IRI’s role in safety will be discussed
later.

Decades of research agrees that micro- and macro-texture influence crash rates. However,
researchers do not agree upon a minimum skid-resistance threshold, such as the SN, to reduce
crashes.?? FHWA notes that

Microtexture each pavement section’s
| friction demand differs.?®
w Macrotexture Friction demand is affected by
. grade, superelevation, radius of
oy curvature, terrain, and traffic.

Travel speed and vehicle mix
are also influences. Because
these factors can change, no
one friction value fits all needs.

NCHRP Web-Only Document
108: Guide for Pavement
Friction? recommends that an

Source: Federal Highway Administration. appropriate level of pavement

Figure 3. Diagram. Microtexture and macrotexture. friction be maintained across
all pavement sections. NCHRP

Document 108 indicated, however, the appropriate level of friction can vary by site. The
document stated that signalized intersections, tight curves, railroad crossings, and pedestrian
crossings can be among the locations benefiting from pavement friction treatments.2s

Intersections accounted for about 28 percent of all fatalities in 2019,26 making them a prime
location for safety improvements. Intersection friction is particularly important to control
stopping and turning movements. Those same movements can polish aggregates leading to a loss
of pavement friction more quickly than in mid-block roadway sections.

Improved pavement friction at intersections provides numerous benefits including:27
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e Improved driver control

e Reduced wet and dry stopping distances

e Reduced skidding

e A 20-percent reduction in total intersection crashes?®

FHWA has noted the critical connection between pavement friction and safety in recommending
strategies such as high friction surface treatments.?® FHWA notes that high friction treatments at
curves, ramps, intersections and pedestrian crossings can be applied as a systematic approach to
preventive safety using risk factors based on roadway, intersection, or pavement characteristics.
One study of high-crash, wet-weather sites reported a 71 percent reduction in wet-weather
intersection crashes after friction treatments.30 Dry-weather crashes were reduced on average

21 percent after friction treatment. Figure 4 illustrates that locations such as crosswalks,
intersections, steep grades approaching intersections, or railroad crossings all could benefit from
enhanced friction monitoring.

Source: Federal Highway Administration.
Figure 4. Diagram. Locations where friction is particularly important.

Some agencies strategically target skid investigation and treatment on high-risk areas®! such as
crosswalks. Australian state transportation agencies and the NZTA set more stringent friction
requirements for pedestrian and school crossings, railway crossings, roundabout approaches, and
steep grades.?

The City of London mandated high-friction surfacing on pedestrian crossing approaches.® It
found that the pedestrian crossing accident rate was highest among all low-friction sites assessed
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using the Sideways-Force Coefficient Routine Investigation Machine technology. Those sites
also produced the highest potential casualty-reduction benefits.

One study found different skid values between tunnels and approaches.3* Precipitation outside
the tunnel can lead to water entering the tunnel. The moisture can dry at different rates between
the tunnel and approaches leading to differing friction levels.

State DOT TAMPs could address opportunities to both enhance pavement condition and
pedestrian safety. The safety and pavement program could share data, pool resources, and look
for opportunities to enhance pavement condition and safety performance.

Improving Pavement Friction and Shoulders at Horizontal Curves

The TAMP-development process also could facilitate collaboration between safety and pavement
programs to reduce horizontal curve crashes.

FHWA’s guide, Low-Cost Treatments for Horizontal Curve Safety, states that adequate
pavement friction and proper shoulder designs can reduce horizontal-curve crashes. On two-lane
roads, horizontal curve crashes can exceed by three times those at tangents. Severity of curve-
related roadway departure crashes also was higher.

The guide recommends considering pavement-related horizontal curve treatments of high-
friction surfaces, pavement grooving, shoulder improvements, and rumble strips. All are low cost
and can be added to paving projects, both at individual sites and system-wide. The guide noted
one study indicated that the Safety Edge contributed to a 6 percent two-lane road crash reduction.

The Safety Edge is a simple but effective solution that can help save lives by allowing drivers
who drift off highways to return to the road safely.*® As seen in Figure 5, instead of a vertical
drop-off, the Safety Edge shapes the edge of the pavement to 30 degrees. Research has shown
this is the optimal angle to allow drivers to re-enter the roadway safely. The asphalt Safety Edge
provides a strong, durable transition for all vehicles. Even at higher speeds, vehicles can return to
the paved road.

New graded
shoulder

> e——— 0ld graded
shoulder

30 degree
angle

Source: Federal Highway Administration.
Figure 5. Diagram. The safety edge.
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Other horizontal curve strategies involve increasing friction and adding rumble strips. Pavement
grooving was reported in at least one case to reduce wet-pavement curve crashes by 55 percent,
and dry-road crashes by 23 percent. The FHWA horizontal curve safety guide noted that
different studies produced different rumble-strip crash-reduction benefits. One of the more recent
studies was from Minnesota.®’ It found on rural two-lane, undivided roads centerline and
shoulder rumble strips combined reduced crashes 27 percent. The study found crash-reduction
values differed slightly by crash type. The study also found, however, that on two-lane roads,
rumble strips reduced all crash types.

Pavement Conditions and Safety Improvements on High-Risk Rural Roads
The collaboration between safety and
ot gﬂﬂ"f'“ff'"“"lfﬂ""if pavement funding can also be extended to
BN another area of the TAMP. The TAMP
could link pavement condition and safety
performance to High-Risk Rural Road
(HRRR) efforts. An HRRR is defined as,
“any roadway functionally classified as a
MANUAL FOR SELECTING rural major or minor collector or a rural
local road with significant safety risks, as
defined by a State in accordance with an
updated State strategic highway safety
e ————— — SR plan."*® % FHWA suggests that improving
s ‘ SR8 88 pavement friction, enhancing shoulder
@ treatments, and adding rumble strips can
increase a pavement’s contribution to rural
safety.*

The FHWA Manual for Selecting Safety
Improvements on High-Risk Rural Roads
(Figure 6) recommends each State should
implement policies and procedures to
incorporate the Safety Edge. It recommends
Source: Federal Highway Administration. the Safety Edge where pavement and non-

US. Department of Transportation
Federal Highway Administration

Safety Improvements
on High Risk Rural Roads

Figure 6. Photo. Manual for Selecting Safety  pavement surfaces differ by 2.5 inches or
Improvements on High-Risk Rural Roads. more. The Manual also recommends

evaluating earthen, graded, or paved
shoulders to enhance vehicle recovery and reduce run-off-the-road crashes.

As has been mentioned about intersections, crosswalks, and other high-risk locations, friction
monitoring and treatments at high-risk rural sites may promote safety.

The Connection Between Rutting and Highway Safety

Another pavement distress that influences the overall system performance is rutting. Although
many researchers have studied the causes of pavement rutting, research on rutting’s safety effect
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is less common. The primary safety risk associated with excess rutting is hydroplaning or water
accumulated in the wheel path.**mph).

One study*? suggested that at speeds less than 37 mph, rut-induced hydroplaning was not a safety
concern. However, at speeds greater than 50 mph, RD and length were wet-weather crash
factors. This study, and others,* noted that rut length is a crash factor and not just RD. This
study concluded that the roadway speed should be an important rutting remediation factor.

At least two reports found that a rutting depth greater than .2 inches raised hydroplaning risks.**
5 A study of Tennessee freeways found that RD was a good predictor of nighttime wet-weather
crashes.*® It concluded that mitigating RDs could be an effective safety strategy if night-time,
wet-weather crashes are elevated.

IRl and Highway Safety

Achieving acceptable IRI targets is frequently discussed as a TAMP’s pavement objectives.
However, research into the linkage between IRI and safety is contradictory. Some studies found
that high IRI values led to increased crash rates and others found they correlated to lower crash
rates. Some of the studies found IRI’s relationship to crash rates varied by roadway classification
and speed limits. Other
studies found that composite
indicators, such as the PSI
that capture multiple
distresses, such as seen in
Figure 7, are better
indicators for crash potential
then are individual
measures, such as IRI.

The variation among
research findings further
justifies the need for cross-
discipline collaboration.
TAMP managers, safety
staff, and pavement
managers may need to
analyze their roadways’ correlation between IRl and crashes. The research indicates that no
simple relationship exists between IRI and crashes that universally can be assumed.

Source: iStock. o
Figure 7. Photo. Severe pavement distresses.

Researchers for one Tennessee study*’ developed 21 regression models of pavement distresses,
environmental conditions, and crashes. In studying IRI’s link to crashes, they concluded as IRI
increased so did its correlation to night-time and wet-weather crashes. Crashes during the peak
hour were also slightly elevated over non-peak hours as IR increased. The researchers found a
much higher correlation between PSI and crashes. PSI incorporates several distresses and can

include more detail on the type of cracking and distresses, such as aggregate polishing.*® The

Tennessee study found that if PSI deteriorated by one unit, accident frequency increased by 41
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percent. PSI is determined on a 0-5 scale, with 5 being the highest. It concluded that PSI should
be considered in a comprehensive approach to integrate safety factors into pavement
management. The Tennessee study further reinforced the role of pavement condition on the
overall system performance.

A study from Jordan examined the relationship between road surface conditions and crash
rates.*® It used regression modeling and a data set of 1,300 road kilometers. It found a significant
influence on single-vehicle and multiple-vehicle crashes but noted a contrast in the direction of
the influence. Increasing roughness reduced the single-vehicle crash rate while increasing the
multiple-vehicle crash rate. The study could not identify a distinct relationship between road
roughness and total crash rate.

A Texas study associated lower mean crash severity with poor IRI scores, or values of more than
171 inches per mile.>® The researchers concluded that poor pavement IRI leads to lower speed
and reduces crash severity. Their analysis also showed that crash severity is higher on smoother
pavements. However, the researchers reported that crash severity differences could be minor.
The crash rate difference between road segments with poor conditions compared to fair/good
conditions was only 3 percent.

Another study examined the correlation between IRI, RDs, and crash rates in Arizona, North
Carolina, and Maryland.®! In all cases, the crash rates did not show substantial increases until IRI
exceeded 210 inches per mile, or the RD exceeded 0.4 inches. When the IRI or the RD rose
above those values, the crash rate increased. The study also found that each State’s key threshold
values differed. It attributed those State differences to measuring equipment, data processing
methods, or sampling methods.

Although the effect of IRI by itself on crash rates may vary, research indicates that pavement
condition overall is important. One study found that on two-lane roads, pavement condition was
the third most significant crash predictor after average daily traffic and lane width.>?

Research by the Institute for Transportation of lowa State University developed a weighted
condition index that combines multiple condition indicators into an Asset Condition Index
(ACI).%2 This method allows linking condition indicators to safety while minimizing the
variation caused by different individual indices. In this study, multiple individual asset condition
measures were scored, given weights, and summed up into a single ACI for each road segment.
The sub-index measures were:

IRI

Faulting

Friction

Rutting

White pavement marking retro-reflectivity
6. Yellow marking retro-reflectivity

agrwhE

This approach avoids the complications of multiple condition measures and their different,
sometimes contrasting, safety effects. To obtain each section’s ACI, the individual condition
measures were scored. ACI values range from 1, which is poor, to 3, which is good. A higher
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ACI reflected better conditions. Measures’ safety effects were weighted. Statistical analysis
concluded that crash numbers decreased as the ACI increased, or as the six sub-indices
improved. It also found correlation between low ACI values and crash frequency.

Using benefit-cost analysis, the study recommended minor rehabilitation and durable pavement
marking materials as the most cost-effective treatments. Those are most cost effective in the
short term for all ACI values and over the long term for ACI values above 2.0 When ACI values
were low, then major rehabilitation and use of tape marking were recommended as cost-effective
treatments.

As seen in Figure 8, a number of factors, including high pavement friction and adequate
shoulders, combine to improve roadway safety, particularly under wet conditions.

Source: iStock.
Figure 8. Photo. A wet, winding rural road.

Pavement Conditions and Crash Modification Factors

While the initial TAMPs have typically focused on IRI, rutting, cracking, and faulting, research
has not advanced to the point that robust crash modification factors (CMFs) exist for those
distresses. To date, pavement CMFs primarily focus on friction. Fewer studies produced CMFs
for IR, rutting, cracking, or faulting. The lack of simple correlation between those pavement
distresses and safety could require close collaboration between State DOTs’ safety and pavement
staffs. Each State may need to see if correlations exist on their roads for those distresses and
elevated crash rates. A CMF is a multiplicative factor that indicates the proportion of crashes that
would be expected after implementing a counter measure.®* The lower the CMF, the more crash
reduction. For example, a CMF of 0.5 would reflect an estimated 50 percent crash reduction
when applied to the base crash numbers. A CMF above 1 predicts crash increases after treatment.
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The Crash Modification Clearinghouse does not indicate that many highly ranked CMFs exist for
measures, such as improving IR, rutting, or cracking. The quality of a CMF is ranked on a
1-to-5-star rating. Highly ranked CMFs exist for friction, but fewer exist for other pavement-
surface-related measures.

CMFs do exist for friction treatments, pavement safety edge, shoulders, and many preventive
maintenance treatments.

For example, the CMF identification number (ID) 194 is for treating intersection approaches
with high friction surfaces. It has an overall CMF of 0.76, which equates to an expected
24-percent crash decrease if the measure was applied. The 24-percent decrease is for all
conditions. The wet-road CMF is higher at 0.43, or a 57-percent crash reduction. The CMF for
high-friction treatments for rear-end crashes predicts a 42-percent crash reduction.

The above CMFs for high friction surfaces have a 5-star rating.>® At least one set of CMFs were
included in the Clearinghouse for IRI and crash severity. They received a no-star rating because
of insufficient available data.

Although CMFs for treatments other than friction treatments are few, CMFs exist for roadway
shoulders and pavement edges.

CMF ID 6202 is for the safety effects of shoulder paving for rural and urban Interstates,
multilane, and two-lane highways. It shows a CMF of 0.57 for widening an Interstate highway
shoulder from 0 to 6 feet and of 0.38 for adding an 8-foot Interstate shoulder. At the lower range
of effectiveness were re-paving deteriorated 2-foot shoulders. For non-Interstates, the CMF for
reducing fatal crashes was 0.81 when a 2-foot shoulder was added. For other types of crashes,
CMFs for paving a deteriorated 2-foot shoulder ranged from 0.99 to 0.85.

Pavement Preservation and Its Nexus with Highway Safety

Another nexus of asset management and safety the TAMP could consider occurs with pavement
preservation. Low-cost pavement treatments often drive a lifecycle-based pavement preservation
investment strategy. The same treatments that can extend pavement life also can influence
pavement friction. Understanding how low-cost preservation treatments influence safety can
improve both pavement and safety performance and contribute to the overall system
performance.

The FHWA report on Evaluation of Pavement Safety Performance examined how low-cost
pavement treatments affect safety.>® The study examined multiple pavement treatments:

e Chip seals, both single and double layer (Figure 9)

e Diamond grinding concrete pavements

e Grooved concrete pavements

e Microsurfacing of both asphalt and concrete pavements

e Open-graded friction course (OGFC), both asphalt and concrete

e Asphalt slurry seals, cape seals, scrub seals, and micro-milling

e Thin hot-mixed asphalt (HMA) on both asphalt and concrete

e Ultra-thin bonded wearing courses (UTBWC) on both asphalt and concrete
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e Shotblasting and Abrading on both asphalt and concrete
e High Friction Surfacing (HFS) on both asphalt and concrete

The study reinforced other research that indicates that the safety effects of pavement-surface
treatments can vary. In some cases, in some States, the data indicated improved safety
performance. In other cases, crashes increased after some treatment types, or on some types of
roads. The research further reinforced that pavement effects vary by traffic volumes, functional
classes, weather, and other factors.

Source: Washington State Department of Transportation.
Figure 9. Photo. A chip sealed road.

The study compiled data from 17 States. Researchers studied the before-and-after crash histories
of sites receiving one of the low-cost treatments. However, no friction testing was conducted as
part of this study. For wet-weather crashes, the research concluded that the combined study
results for all treatment types suggest benefits for reducing crashes. Exceptions were for thin
HMA treatments in California and North Carolina. Those two States’ datasets were large enough
for definitive results. The OGFC for two-lane and multi-lane roads produced negligible wet-
weather benefits.

For dry-roads, crashes increased for microsurfacing on two lane roads, except in North Carolina.
Also increasing were crashes on roads treated with thin HMA and OGFC on two-lane roads, and
chip seals on multilane roads. The study produced indications of benefits for the ultra-thin
bonded wearing course, chip seals, and slurry seals on two-lane roads. Also, diamond grinding
on freeways produced crash-reduction benefits.

Despite a rigorous regression analysis, the study concluded that the research’s CMFs were not
robust enough for recommended use. The results suggested, however, that there are relationships
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between the CMFs and Annual Average Daily Traffic, and sometimes precipitation,
urban-versus-rural settings, and expected crash frequency.

The study results examined only safety benefits, and not pavement lifecycle benefits. Also,
intersections were not studied, so any effects there would not be included.

The study concluded that benefit-cost ratios larger than 2.0 were found for selected applications
in certain States including:

e Chip seals on two-lane roads

e Freeway diamond grinding

e Thin HMA on North Carolina multilane roads
e OGFCs on freeways

e Slurry seals on two-lane roads

e UTBWCs on two-lane roads

Another recommendation the study reinforced was the need for each State’s pavement and safety
experts to consider their State’s unique results. The broad national study concluded that more
specific information was needed to reach further conclusions. Data needed were more specific
information about sites’ friction, texture, and pavement condition. The study suggests, but did
not definitively conclude, that some of the non-intuitive crash increases may be caused by:

e Smoother, quieter pavement leads to higher speeds, particularly for local drivers who are
accustomed to the roadway and perceive it to be safer after treatment.

e Elimination of cracking, rutting, and other distresses could lead to higher speeds.

e Porous surfaces reduce splash and spray and may improve wet-weather visibility that
may reduce crashes.

Although the study does not recommend using its CMFs, its estimated CMFs illustrate the
variability the study found. In California, the study produced an estimated CMF for chip sealed
roads overall of 0.908. That would indicate a more than 8 percent crash reduction. In Minnesota,
the overall estimated CMF for chip seals on all roads and all conditions was 1.25. That indicates
a 25-percent crash increase.

For wet weather crashes, the California results for multi-lane chip seals in wet weather produced
a very strong CMF of 0.423. Conversely, the overall wet-road chip seal CMF in Minnesota was
1.604.

In general, however, the CMF for all two-lane chip sealed roads studied was 0.939, indicating
more than a 6-percent crash reduction. For wet-road crashes, the chip seal CMFs indicated crash
reductions in all cases, except in Minnesota. The study concluded that the chip seal benefits
overall were positive for crashes on two-lane roads.

The other results found included:

e For diamond grinding concrete pavements, the study found benefits for both wet and
dry-road crashes. The CMF for all wet-road freeways was 0.869 and for all freeways it
was 0.943.
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e Thin HMA treatments produced wet-road benefits on multilane routes and freeways. No
effect was found for overall dry-road crashes.

e OGFC produced mixed benefits. Benefits were negligible for wet-road two-lane and
multilane crashes, but substantial on freeways. North Carolina showed benefits in all
categories from OGFC, particularly on wet road run off the road (ROR) crashes.
However, the California CMF for dry road two-lane crashes was 1.12.

e Grooving results were limited to California. It showed a CMF of 0.776 for all crashes.
Wet road crashes increased, but data were too limited for statistically valid results.

e For microsurfacing, wet-road crashes decreased and dry-road crashes increased overall,
resulting in a net crash increase. For all two-lane roads, the overall CMF for
microsurfacing was 1.09. For all two-lane wet-roads it was 0.867.

e For slurry seals, data were largely available for California. There were wet-road benefits
and weak apparent dry-road benefits. The overall California slurry seal CMF was 0.936,
and 0.621 for wet-road ROR crashes.

e UTBWCs produced substantial benefits for wet-road, two-lane crashes with a wet-road
CMF of 0.694. The two-lane, wet-road ROR CMF was 0.550.

The study’s overall results showed safety benefits to most low-cost pavement treatments. The
study benefits were limited to crash reduction. The study stated if the pavement lifecycle savings
were included, the overall benefits could have been higher.

The study results reinforce that pavement preservation and safety concerns should be jointly
evaluated. The study results also indicate that in many cases, but not all cases, both safety and
pavement performance can be accomplished by appropriate pavement treatment selections. The
TAMP analysis could be a vehicle for conducting the pavement-safety analysis and documenting
the state DOT’s strategy to improve overall system performance.

How Pavement Programs Can Support Pedestrian Safety and Mobility

Another TAMP opportunity to achieve overall improved system performance is to link pavement
programs with safety programs’ efforts to reduce pedestrian and bicycle crashes. Between 2010
and 2019, pedestrian fatalities grew from 4,301 to 6,205, a 44-percent increase.®’ Traffic crashes
injured another 76,000 pedestrians and 49,000 pedalcyclist in 2019. Combined pedestrian and
pedalcyclist fatalities represent 19.5 percent of 2019 traffic fatalities.>® That is up from

14.9 percent in 2010.

About 10.4 percent of the NHS centerline miles are under local control, with 62 percent of those
miles owned by municipalities.>® Those NHS miles are likely to pass through urban and
suburban neighborhoods with pedestrians, bicyclists, and other vulnerable road users. Also,
many non-NHS State routes included in TAMPSs pass through urban areas with high pedestrian
and cyclist numbers. When State DOTs coordinate their TAMPs with regional transportation
plans, they may find a nexus between their pavement programs, pedestrian safety, and
environmental justice. For example, the Atlanta Regional Commission’s (ARC’s) Safe Streets
for Walking & Bicycling plan notes the region’s increase in pedestrian and bicycle crashes, and
how they are disproportionately in communities of color.®° It reported that in Georgia, Black
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pedestrians were 1.68 times more likely to be killed than white pedestrians. ARC adopted
policies prioritizing pedestrian safety programs in high-crash areas, such as Black and Hispanic
neighborhoods.

In the Twin Cities of Minnesota, the Metropolitan Council’s Regional Pedestrian Safety Action
Plan also found that Black and Native communities are disproportionately harmed by pedestrian
crashes.®! It found that 14 percent of pedestrian deaths were among Blacks, whereas they were
9.6 percent of the region’s population. The study led to a prioritization measure for funding
pedestrian safety projects.

The Indianapolis Metropolitan Planning Organization Regional Pedestrian Plan also notes the
disproportionate need for improved sidewalks and pedestrian facilities in low-income and
minority neighborhoods.®? It notes that investments are part of a larger strategy to both reduce
pedestrian crashes and increase equity in transportation investments.

National research concludes that people of color are more vulnerable to pedestrian crashes.536465
Reasons include much affordable housing is near high-speed roads. Also, communities with
affordable housing may not have the resources to pay for roadway improvements that include
pedestrian safety enhancements or even sidewalks. People with low incomes are also less likely
to own cars and are twice as likely to walk compared to people with higher incomes. %667

Low-income urban areas that experience elevated pedestrian crashes often have similar roadway
characteristics.%® Many low-income neighborhoods are divided by high-speed/high-volume
arterials. Other characteristics include a density of traffic signals and bus stops, as well as higher
posted speed limits. An injury-severity model indicated a correlation with a lack of street
lighting, as well.

Several studies concluded®° that areas with a greater density of pedestrian-oriented roadways
were associated with fewer pedestrian crashes. Those findings indicate that wealthier areas
experience fewer pedestrian crashes.

States’ pavement program managers can collaborate with safety staff, local stakeholders, and
active transportation advocates to link pavement-treatment strategies to pedestrian safety and
mobility. Such collaboration could occur at the program level with safety staff and pavement
staff developing policies to ensure that urban pavement reconstruction projects are developed
with pedestrian safety as an objective. That policy could result in project-level coordination
between a community, the project designer, and the State DOT’s safety and pavement staff to
incorporate pedestrian safety features in pavement reconstruction projects.

One pavement-safety linkage discussed earlier in this document involves pavement friction.
Ensuring adequate pavement friction at intersection and mid-block crosswalks (Figure 10) could
be one technique to link pavement-treatment strategies with safety.
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Source: iStock.
Figure 10. Photo. Children crossing a street via a crosswalk.

Other efforts could be TAMP policies to consider the safety needs of streets when pavement
rehabilitation projects are planned. A State DOT’s limited pavement budget probably is not
adequate to afford the safety enhancements urban NHS or State highways may need. However,
the process of developing TAMP investment strategies could provide a venue for coordinating
efforts. The pavement program, the safety program, active transportation programs, and even
metropolitan planning organizations (MPOs) could coordinate. Pooling funds from several
programs could provide more pedestrian safety benefits than funding from only the pavement
program.

The need to coordinate pavement strategies with urban safety efforts could influence the TAMP
investment strategies. Pavement investment strategy allocations could include amounts for
additional safety-related costs. Without reliable pavement funding sources, pavement program
managers may lack funds to address safety enhancements.

Some treatments that could be associated with pavement rehabilitation projects could include
several proven countermeasures FHWA recommends such as:

e Median and pedestrian refuge islands—A Maryland study identified a 14-percent
reduction in pedestrian or bicycle crashes when median treatments with pedestrian
islands were installed.” A crash reduction factor (CRF) of 56 percent was reported in
one source for installing pedestrian refuge islands.”?

o Sidewalks—Installing a sidewalk to avoid walking on roadways is associated with high
CFRs of up to 74 percent.”
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e Crosswalk Visibility Enhancements—Three main crosswalk visibility enhancements
help make crosswalks and their users more visible. These include high-visibility
crosswalks, lighting, and enhanced signing combined with pavement markings.’

O

FHWA reports high-visibility crosswalk improvements can reduce pedestrian
injury crashes by 40 percent.

Intersection lighting can reduce pedestrian crashes by up to 42 percent.
Advance yield or stop signs combined with pavement markings can reduce
pedestrian crashes by 25 percent.
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CHAPTER 3. PAVEMENT CONDITIONS OPERATING COSTS AND NOISE

Although TAMPs do not address user costs, pavement conditions (Figure 11) affect user costs.
Reducing user costs could be an agency objective that indirectly affects the TAMP.

Researchers! include the following as condition-related vehicle operating costs:

o Fuel
e Repair and maintenance
e Tire wear

e Capital cost and depreciation
e Oil consumption
e Licensing and insurance

Some costs are not condition-related and occur whether the vehicle travels or not. These include
depreciation, insurance, licensing, and parking. Other costs directly relate to roadway conditions.
These include fuel consumption, repair and maintenance, and tire wear. A societal or
environmental cost also could be the greater emissions that occur when rough pavement
increases fuel use. This report will consider emissions and environmental costs later.

The World Bank developed the most commonly used Highway Development and Management
System vehicle operating cost model with updates between 1971 and 2019.2 A version of the
model was updated by National Cooperative Highway Research Program (NCHRP) researchers
in 2012. The 2012 NCHRP research determined that the widely used World Bank model
underestimated how pavement roughness increased fuel consumption. The 2012 research
indicated that pavement roughness often had twice the effect on fuel consumption as previously
thought.

Sur:iStock.
Figure 11. Photos. A severely cracked compared to a smooth pavement.

Tripling IRI from a smooth 63 inches per mile to 190 inches per mile increased passenger car
fuel consumption by 4.8 percent compared to the World Bank’s model predicted 2.8 percent. The
NCHRP research showed that for sport utility vehicles (SUVs), fuel consumption increased
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4.1 percent; for vans it increased 1.8 percent, for light trucks it increased 1.6 percent, and for
tractor-trailers it increased 2.9 percent. All the predicted fuel-consumption increases were more
than double that predicted by the World Bank model. In some cases, the new findings tripled the
predicted pavement roughness effect on fuel consumption.

To put the research findings into context, 23 CFR 490.313 considers IRI less than 95 to be good;
between 95 and 170 is fair, and more than 170 is poor.®

Effects on tire wear and repair and maintenance were also found. No increase in passenger car
repair and maintenance costs were found for IR increases below 190 inches per mile. IRI values
between 190 and 253 increased repair and maintenance costs by 10 percent. IRI values above
317 increased repair and maintenance costs of passenger cars by 40 percent, and 50 percent for
heavy trucks.

For tire wear, each increase in IRI of 63 increased wear by 1 percent for both passenger cars and
trucks.

The nationwide estimated savings from smoother pavements were significant. A decrease in IRI
of 63 inches would result in a 3 percent passenger car fuel consumption reduction. The 2012
study equated such a reduction to a national savings of 6 billion gallons annually. Tire wear
savings were estimated as $340 million annually. Vehicle operating costs varied by vehicle class
and other factors. However, improving IRI by 63 inches produced an estimated annual vehicle
repair savings of between $24.5 billion and $73.5 billion in 2012 dollars.

Pavement Condition and Noise

As State DOTSs consider how to both manage pavements and enhance the quality of life, reducing
roadway noise could support the agency’s mission. Reducing noise also could address a
provision in the asset management rule in 23 CFR 515.9(d)(1). The asset regulation notes that
TAMPs must include objectives that should align with the State DOT’s mission.* An element of
both achieving the agency’s mission and managing pavements could include consideration of the
noise impacts influenced by pavement conditions.

If an agency’s TAMP includes “quality of life” objectives that support the agency’s mission,
then pavement noise also could be a consideration. Pavement surfaces can be a significant
influence on the noise that affects human health, property values, and the overall quality of life.
The World Health Organization (WHO)? attributes excessive noise to cardiovascular disease,
children’s cognitive impairment, sleep disturbance, tinnitus, and annoyance. A WHO noise
policy indicated highway traffic noise was the largest source of sleep disturbance and annoyance.
Sleep disturbance and annoyance were noise’s largest health impacts. One study indicated traffic
noise was equal to second-hand tobacco smoke as an environmental health risk.

Researchers also found that excess highway noise lowers property values. Researchers in the
Memphis, TN, area studied residential properties exposed to noise levels above 45 decibels.
They concluded such properties suffered from an “environmental noise discount on housing
values.”” The price discount increased linearly as noise levels rose. That study confirmed at least
two European studies that found excess highway noise decreased home values by up to

30 percent.®*®
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FHWA s Little Book of Quieter Pavements'® noted that noise barriers can be expensive and are
not always effective. They are of questionable effectiveness in rolling terrain or where arterial
streets create barrier gaps. FHWA’s publication noted that more densely populated European and
Asian countries pioneered quieter pavements to lower highway noise. Increasingly urbanized
U.S. residents are now also demanding quieter highways.

FHWA notes three factors that contribute to highway noise: propulsion, tire-pavement
interaction, and aerodynamics. At low speeds, vehicle propulsion noise dominates. At higher
speeds, tire-pavement noise dominates with heavy trucks being 10 times louder than passenger
cars. It is louder, higher speed noise that quiet pavements can improve.

FHWA’s The Little Book of Quieter Pavements recommends the following strategies:

e Small surface texture of less than 5 millimeters (mm)

e Porosity that can absorb road noise and reduce contact area, balanced with
pavement-durability needs

e Stiffness reduced but without compromising pavement quality. This is the most difficult
of the three strategies to achieve

FHWA Technical Advisory 5040.36 addresses the texture requirement for noise reduction.
Minimizing the tire noise can be achieved through a friction management plan that aims to
maintain the macro-texture and micro-texture at an optimized level. The linkage between friction
and noise illustrates another of the cross-cutting linkages between asset condition and asset
performance.
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CHAPTER 4. HOW BRIDGES IN GOOD REPAIR CONTRIBUTE TO
PERFORMANCE

Less research exists for bridges’ linkage to performance than for pavements. Nonetheless,
good-condition bridges are essential to a high-performing transportation system. This section
examines the linkage between bridge conditions and performance including:

e Structures can contribute to freight mobility when they can accommodate super loads or
are not load limited.

e Bridges can support mobility when they have the width to accommodate needs for transit
services, Active Transportation, or sufficient travel lanes.

e Bridges can enhance communities when they incorporate aesthetic or historic elements
reflecting their surroundings if the TAMP includes “quality of life” objectives.

Bridges and Active Transportation

The condition of a bridge is based upon the criteria
set in 23 CFR 490.409. Those criteria determine if a
bridge is rated in good, fair, or poor condition.
Minimum levels for the condition of bridges are set
in 23 CFR 490.411. Penalties for not maintaining
bridge conditions are set in 23 CFR 490.413.

In addition to those criteria about bridges’ condition,
TAMPs could include additional factors for their

. bridge performance objectives. Objectives, in

4 A addition to achieving a condition level, could include
W‘ i ' factors such as:

N\ e Supporting active transportation, where
appropriate, by providing pedestrian or bike
} lanes, such as in Figure 12

D e Providing lanes or grade separations for bus

rapid transit or other transit alternatives

e Alleviating passenger or freight bottlenecks
Source: iStock. o Integrating_into community _pla_ns for Complete

Figure 12. Photo. A multiuse path on Streets or livable communities if the TAMP

a bridge. includes objectives to support those efforts

States have the latitude to adopt policies that
consider how a bridge meets multiple performance objectives, in addition to its condition targets.
A bridge could meet condition targets but not achieve the State’s performance objectives.

For example, urban bridges may not accommodate Active Transportation and impede the State’s
mobility objectives. A long-term objective for urban structures could be to consider adding bike
and pedestrian lanes when bridges are scheduled for rehabilitation or replacement.
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Planning to add Active Transportation lanes to bridges could take many years and exceed the
TAMP horizon. The long bridge planning horizon provides an opportunity to link the TAMP
with the LRSTP. The LRSTP and the TAMP could both incorporate policies that bridge planning
will incorporate active transportation considerations. Not every bridge may need to
accommodate Active Transportation, but for those that do, adequate width could allow the
structure to support additional system performance objectives.

Bridges and Mobility

If the bridge appears on the State’s list of high-congestion locations, its width may be a mobility
performance impediment relevant to both the TAMP and the congestion programs. Each year,
FHWA publishes a list of the top 100 Interstate System congestion bottlenecks.! Most of them
are at major interchanges that include bridges. An opportunity for considering both bridge
condition and bridge performance occurs if the State DOT coordinates its congestion strategies
with its bridge lifecycle strategies. How well a bridge performs could factor into the long-term,
lifecycle strategy to rehabilitate or replace a structure. As seen in Figure 13, the Minnesota
Department of Transportation (MnDOT) modified freeway bridges to complement a new bus
rapid transit and light rail in the Twin Cities.

Source: MnDOT.

Figure 13. Photo. A bridge modified to accommodate transit.

Although the term of “functionally obsolete” is no longer tracked by FHWA for performance
measurement,? the concept may have relevance to State DOTS as they link planning for asset
management, mobility, and freight movement. Functionally obsolete is defined in 23 CFR 661.5
as “the state in which the deck geometry, load carrying capacity (comparison of the original
design load to the State legal load), clearance, or approach roadway alignment no longer meeting
the usual criteria for the system of which it is an integral part.”® Urban bridges that do not
accommodate Active Transportation or that cause congestion could be considered functionally
obsolete if a State or MPO chose to identify them as such.
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Bridges and Freight

Similar to mobility considerations are bridge performance and freight considerations important
to both the TAMP and the Freight Plan. Two trends overlap with bridge lifecycle planning (LCP)
and freight planning. First, bridges on the National Highway Freight Network (NHFN) are aging.
In a report to Congress,* FHWA noted that nearly 31.5 percent of bridges on the NHFN are 51
years old or older. More than 53 percent are between 26 and 50 years old (see Figure 14).

Second, freight volumes continue to grow. FHWA'’s Freight Analysis Framework (FAF4)
predicts that domestic U.S. truck tonnage will increase from 12.4 billion tons in 2020 to

16.4 billion tons by 2045.° This tonnage moves primarily on the NHS and its bridges. FHWA
statistics indicate the NHS is only 8.7 percent of all public lane miles but carries 55 percent of all
vehicle miles travelled.® The truck freight comprises 10.4 percent of all vehicle miles traveled in
2020.7

Age of Bridges on the NHFN
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Figure 14. Graph. Age of bridges on the National Highway Freight Network.

The National Freight Strategic Plan (NFSP) emphasized that addressing the Nation’s highway
freight needs will involve complex transportation planning issues, particularly in urbanized
areas.® Among those issues is how to maintain bridge conditions while supporting mobility,
safety, and community livability.

As State DOTSs develop lifecycle plans for these important NHS structures, they have the
opportunity to link the State Freight Plan and TAMP. As bridges enter the 26 to 50 age range,
State DOTs often plan to rehabilitate them to extend their service life. That project-level
planning could be done in conjunction with long-term system planning for how to manage the
freight system.

FHWA Guidance on State Freight Plans and State Freight Advisory Committees notes that
freight plans are only required to have an 8-year horizon, (49 U.S.C. 70202 (d)). However,
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FHWA suggests State DOTSs should consider extending that horizon to provide additional
opportunities for linking asset management and freight-congestion strategies.® FHWA has stated
that a 8-year horizon may not enable States to do more than list current problems and projects
already in the pipeline. A horizon of 20 years allows increased linkage with asset management
lifecycle strategies for pavements and bridges, as well as with the LRSTP and the MTPs.

Bridges Enhancing Their Surroundings

A frequent way in which State DOTSs are using structures to enhance communities is through
aesthetic designs. As new bridges, retaining walls, and noise barriers are constructed, State
DOTs are frequently incorporating aesthetic treatments. The result can be long-lasting structures
that harmonize with their surroundings.

Aesthetics are not a requirement in the asset management, planning,’® or performance
management rules.'! However, TAMPs could note that bridge program funding amounts help
pay for aesthetic treatments where structures are designed to support “quality of life” objectives.
Aesthetics, or the loss of them, are considered an Environmental Justice factor.!? Linking
aesthetics to bridge programs could be another way to tie TAMPs to additional performance
objectives.

FHWA'’s Guidelines for the Visual Impact
Assessment of Highway Projects'® notes that the
public is concerned about projects’ visual
appearance. FHWA’s guidelines state that
highways are more than functional. They also are
extensions of a community’s values and aesthetic
preferences.'* FHWA guidelines state that
strategies to address visual impacts should be
technically possible and practical. They also need
to be politically and financially feasible to the
community and organization that will pay for
their construction and maintenance.

Bridges and other structures are not the only
elements that can be enhanced. FHWA’s visual
impact guidelines note that use of native plants,
burying utilities, minimizing tree removal, and
- E contouring to mimic the natural landform can be
Source: Ohio Department of Transportation. other types of visual impact mitigation.

Figure 15. Photo. A bridge embossed

with aviation images.

However, structures such as bridges and noise
walls are among the prominent highway features.
Integrating them into their surroundings is one way in which assets in good condition can
enhance the attractiveness and livability of their communities. The Ohio Department of
Transportation included flight motifs into a series of projects on Interstate 75 and Interstate 70 in
and near Dayton, OH (Figure 15). Those commemorate the region’s association with the Wright
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Brothers, astronaut Neil Armstrong from nearby Wapakoneta, and with Wright Patterson Air
Force Base.

The MnDOT Aesthetic Guidelines for Bridge Design® states that bridges are legacies of an
individual, a program, or an era. The legacy a bridge leaves reflects the values that initiated the
design. The Utah Department of Transportation (UDOT) echoes a similar sentiment.® It notes
that highways are among a community’s most visible components. Once built, they remain
visible for generations. Because of their significance and permanence, they should integrate
sound design principles and complement their surroundings.

Maryland Department of Transportation State Highway Administration (MOT SHA) guidelines
emphasize that aesthetics are often linked to design efficiency.” Some of the most iconic bridges
are also some of the most economical. Both the Maryland and the North Carolina Department of
Transportation!® emphasize that shape and proportions are among the most important elements.
The same considerations that can make a bridge attractive can also make it economical.
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CHAPTER 5. PAVEMENTS AND BRIDGES IN A CHANGING CLIMATE

This section will discuss the links between asset conditions, asset resilience and performance. In
some cases, asset conditions, per se, may not affect resilience. For example, a pavement’s IRI or
a bridge’s deck condition may have little influence on a roadway’s flood resilience. In other
cases, condition and resilience may be closely linked. Asset management’s LCP process provides
regular milestones for assessing assets’ condition and considering their resilience.

Connections between the SOGR and resilience occur in at least two ways. First, some assets in
good condition may be more resilient. An example could be a culvert. If its components are clean
and functioning as designed, it is more likely to perform as intended.

Second, asset rehabilitation and replacement cycles provide State DOTs opportunities to
incorporate resilient design elements. LCP involves the timely application of preservation,
maintenance, rehabilitation, and reconstruction to extend asset life. Each phase allows State
DOTs to consider if treatment could enhance the asset’s resilience.

In an increasingly unpredictable climate, assets face many threats to their resilience. Storm
surges and flooding can wash out roads and slopes, while hurricanes can damage signs, signals,
and other traffic control devices. Bridges and culverts can be vulnerable to flooding, scour, wave
action, or storm surges. Other threats include seismic events or debris flow from steep,
fire-denuded slopes.

Each State faces unique resilience threats and opportunities. Some of the more recent studies of
asset condition and resilience concluded that there are few uniformly appropriate
system-resilience metrics.}? Too much diversity exists between States’ climate, geology,
geography, and asset conditions to identify uniform, national resilience measures. Dozens of
FHWA-sponsored pilot projects reveal States’ diverse resilience needs. FHWA sponsored

11 pilots about Resilience and Durability to Extreme Weather. Another six pilots addressed
Asset Management, Extreme Weather, and Proxy Indicators. Five pilots examined Nature-Based
Resilience for Coastal Highways, and 19 pilot teams partnered on Vulnerability Assessments and
Adaptation Options. Five pilots participated in the earliest efforts which were Vulnerability
Assessments. Details on these pilots can be found at the FHWA Resilience Pilots website.®

Without “off the shelf” resilience metrics available, each State may need to assess which assets
are most vulnerable to which threats. The TAMP-development process could be the forum for
diverse stakeholders to identify resilience threats. The TAMP’s risk management section could
document the State’s unique resilience threats. Then, the TAMP lifecycle plans and investment
strategies could describe how the State DOT plans to both sustain a SOGR and mitigate
resilience threats.

Structures and Resilience

The history of bridge inspection, repair, and retrofitting reflects the long-standing link between
bridge condition and performance. The National Bridge Inventory (NBI) established in the 1960s
includes several resilience-related items. In 1991, FHWA issued a technical advisory on
evaluating scour at bridges.* In 1992, FHWA initiated a comprehensive bridge seismic research
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effort.> As discussed earlier in this report, in the 2000s, FHWA began a series of resilience pilot
projects to help states identify resilience strategies for bridges and other assets.® FHWA in 2016
produced a report titled Highways in the River Environment — Floodplains, Extreme Events, Risk
and Resilience.” These are just a few milestones that reflect a long-standing focus on structures’
resilience. Although resilience concerns are not new, they are now more intense. Increased storm
intensity and weather variability create new threats that can affect assets’ long-term condition
and performance (Figure 16). The following brief summaries illustrate, in chronological order,
some of the sources mentioned in this paragraph and how the sources link the condition of
highway assets to their resilience.

National Bridge Inventory Data

Among the oldest sources of resilience data are the 116 items recorded for the NBI,® several of
which directly relate to a structure’s resilience. These include vertical and horizontal clearances
that are relevant to potential truck or barge strikes. Other items include scour criticality, channel
adequacy and protection, fracture criticality, and waterway adequacy. Even the rating of
structures’ components can be considered as a form of measuring resilience. A bridge with a
good superstructure and substructure may be more resilient than one with poor components.
Other NBI items relate to how critical a structure is to the transportation system. These items
include traffic and truck volumes, functional classification, and detour length.

Source: iSck. v

Figure 16. Photo. Flood damage to a road.

These NBI items could provide State DOTs with data to develop bridge-resilience measures that
relate bridge conditions to their ability to withstand storm events. However, as mentioned below,
no group of these NBI items alone appear to be predictors of bridge failure during major
hydrological events.
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Bridge Scour Criticality Data

FHWA'’s Guidance on Applying Risk-Based, Data Driven Decision-Making Process to the
FHWA Scour Program explains how NBI items and related data can be used for a data-driven,
risk-based scour-prevention program.® The FHWA direction says characteristics for prioritization
may include, but not be limited to, the following:

e Functional classification

e Average daily traffic

e Emergency service needs

e Community connectivity or evacuation and recovery needs

e The cost of scour countermeasures compared to replacement cost
e The structure’s remaining service life

e Funded replacement schedules

Seismic Vulnerability and Retrofit Data

FHWA'’s seismic retrofitting manual notes that ground motions large enough to cause damage
have a 10-percent chance of occurring within the next 50 years in 37 of the 50 States.*® The
manual describes the type of risk-based analysis and decision-making that leads to investment
strategies to make structures resilient. These include:

e ldentifying bridges at risk
e Evaluating their vulnerability
e Initiating a program to reduce the risk

The type of decisions FHWA’s retrofit manual recommends are similar to other decisions a
TAMP includes. The FHWA manual recommends classifying structures as “essential” or
“standard.” Essential structures provide access to emergency services, have major economic
impacts, are formally identified in an emergency plan, or serve a critical security link. The
manual recommends risk analysis to evaluate threats and vulnerabilities. It also recommends
prioritizing investments to maximize results with limited dollars.

Resilience Pilot Studies Related to Structures

Examples of the diversity of resilience threats to structures and other assets are evident in the
many FHWA-sponsored resilience pilot projects. Just a few examples of how State DOTSs are
considering bridge conditions and characteristics to increase resilience include:

e The Massachusetts DOT developed a method for assessing vulnerable stream crossings.!
It also conducted, with FHWA, support an analysis of the vulnerability of the 1-93
Central Artery/Tunnel to sea level rise and extreme storm events.

e MnDOT assessed and ranked the vulnerability of bridges and other assets to flash
floods.?

e Using NBI and hydrologic data, the Kentucky Transportation Cabinet (KYTC) developed
a Bridge Culvert Sensitivity Index score for each bridge and culvert.'® The analysis
combined NBI condition data with data on each structure’s geomorphic sensitivity, and
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its criticality to the highway network. The rating of each structure can factor into
KYTC’s bridge investment prioritization.

Highways in the River Environment

The 2016 FHWA publication titled, “Highways in the River Environment- Floodplains, Extreme
Events, Risk and Resilience,” provides technical information and methods for assessing the
nexus of riverine environments and transportation facilities as it relates to floods, floodplain
policies, extreme events, climate change, risks, and resilience.* It focuses on quantifying
exposure to extreme flood events considering climate change and other sources of
nonstationarity. There are multiple uses for this publication, including risk and vulnerability
assessments, planning activities, and design procedure development.

In discussing how to reduce the vulnerability of assets in a river environment, the publication
states that planners and designers can reduce vulnerability by either reducing the sensitivity of
assets to extreme events or by enhancing their adaptive capacity.'® Among its recommendations
relevant to TAMPSs are to identify and prioritize critical assets based on their size, vulnerability,
and how hydrological conditions have changed since the assets were designed.

The Need for Individual State Bridge Analysis

Few studies exist that comprehensively summarized all U.S. bridge failures and documented
their cause other than for seismic events. A frequently cited study is from 2003 and examined
500 bridge failures between 1989 and 2000.1® Although bridge failures are rare, the data illustrate
how closely linked failures are to extreme hydrological events. For example, the study found that
1993 experienced above-average failures with a total of 112 bridge failures. Flooding caused 75
of the 112 illustrating the effect of extreme hydrological events.

Despite the seriousness of any bridge collapse, the 500 that failed resulted in 76 fatalities over
12 years. That compares to 36,096 total highway fatalities in 2019 alone.*’

If a study of bridge failure were updated, it is likely to document many more failures since 2000
because of the number of extreme weather events. Hurricane Maria on September 6, 2017,
damaged 388 Puerto Rico bridges.'® In 2011, Tropical Storm Irene damaged more than

300 Vermont bridges.'® A 2013 Colorado flood damaged 120 bridges, although most did not
result in failure.?

A study of 44 bridges damaged by 2005’s Hurricane Katrina found that storm surge elevation
was a primary cause of bridge damage.?* Much of the damage was to the superstructures.
Primary causes were the unseating or drifting of decks and failure of bridge parapets due to
storm surge (Figure 17). Bridge inspections showed that the superstructure damage largely
depended upon the connection type between decks and bents. Features associated with tropical
storm Irene’s bridge failures included stream power, watershed soil types, channel rating, and
waterway adequacy.??
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A review of the literature and of the many
FHWA resilience pilots do not reveal a
few key condition measures that can be
monitored to ensure bridges are resilient.
One of the few studies on bridge failures
found that even a one-year-old bridge
failed during one storm event. 2 Bridge
scour vulnerability is an obvious
storm-related consideration. However,
none of the recent research concluded that
poor scour conditions alone were a
primary pre-existing condition to bridge
failures. Instead, factors such as stream
flow, soils, storm intensity, and
geomorphology were more common
factors.

An NCHRP domestic scan documented
how States use many measures to assess
and then reduce scour risk.?* The study
did not indicate that a few performance
measures or criteria were common to the
17 States studied. The study concluded
that prioritizing scour efforts require a
Source: iStock. _ multi-disciplinary effort. It recommended
Figure 1,7' Photo. A b';'dge dama?led by States form interdisciplinary scour

Hurricane Katrina’s wave action. committees to develop risk-based scour

investment strategies.

Pavement Condition, Performance, and Resilience in a Changing Climate

In an earlier section, this document summarized the importance of good pavement conditions to
performance. Good pavements contribute to safety, noise reduction, and reduced operating costs.
A growing body of research examines the link between a changing climate and pavement
performance. The research findings did not indicate that pavements in good condition enhance
resilience. The research indicated that resilience may be enhanced by elevated roadbeds,
enhanced embankments, drainage structures, improved pavement designs, and other roadway
features.?® However, the research did not indicate that the pavement surface itself enhances
resilience.

Instead, the research identified ways in which climate change could deteriorate pavements.
Research also examined ways in which pavement strategies may need to change to sustain an
SOGR.

U.S. and international research?27:2829 jdentified many ways in which the temperature and
precipitation extremes of climate change can affect pavements, including:

37



Fictional TAMP Risk Management Analysis

e Soil instability, ground movement, and slope instability leading to road damage
e In colder climates, higher temperatures could lead to more spring-like conditions that

lengthen the season for frost heave and thaw-weakening.

e In warmer climates, higher temperatures could increase flexible pavement rutting and
shoving and require new binders. Rigid pavements could experience more
temperature-related curling and warping, greater thermal expansion and shrinkage, and

more “blow ups.”
e Flooding can block roads but also weaken pavements.

e Increased freeze-thaw cycles in some locations will increase thermal fatigue.

Recent research has shown how important climate assumptions are to pavement design success.
The Long-Term Pavement Performance Program (LTPP) research found that 36 percent of the
damage to flexible pavements was related to subgrade and climate variables.® For rigid
pavements, 24 percent of total damage was related to subgrade and climate variables.

Source: iStock.
Figure 18. Photo. Roadway flooding.

Complicating
pavement-resilience
efforts is the highly
variable environmental
effects (Figure 18).
Environmental impacts
to pavements varied by
type of pavement,
thickness, soil types,
and pavement designs.
Changes in climate that
increased some damage
may have decreased
other types of damage,
or been insignificant.
Just one of many
examples cited was that
higher temperatures
were associated with

increased transverse fatigue cracking on jointed portland concrete pavement. However, increased
temperatures and a warmer climate were associated with less transverse joint spalling. An
increase in precipitation increased fatigue cracking on thin asphalt pavements, but not on thicker

ones.

One FHWA-sponsored extreme weather pilot study by the Texas DOT demonstrated the
complexity of determining how hurricanes and flooding affect pavements.3! The Texas study
found differing flooding effects depending on pavement design. Asphalt pavements of 2 inches
or less without treated subgrades were vulnerable to damage, particularly if there is heavy traffic,
as was experienced in Texas during flood response. Sections with 4 inches of asphalt showed no
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immediate flooding effect. However, if the pavement was older than 10 years, it experienced a
1-year shorter service life. A simulation also showed that when floods occur in 3 consecutive
years, the service life of the 4-inch pavement is reduced from 24 years to 21 years.

New Hampshire researchers found that climate change is impacting pavements in unexpected
ways. For example, sea level rise and storm surges were obvious pavement-condition threats.
Additionally, researchers in New Hampshire found that sea level-driven groundwater rise will
occur three to four times farther inland than surface-water flooding.®2 The research concluded
that rising ground water levels threaten pavements’ unbound underlying layers. Unmitigated, a
two-lane road could experience a pavement-life reduction of 90 percent by 2030. While a 4-lane
road could experience a 45-percent pavement-life reduction by 2060. However, relatively simple
structural modifications to the pavement base and asphalt layers could eliminate 80 percent to
90 percent of the service life reduction projected with a 1-foot sea level rise.

Researchers frequently cited the difficulty pavement designers will have in identifying realistic
future environmental assumptions.33343%3¢ For decades, pavement engineers based designs on
past climatic data. As weather patterns change at an increasing rate, more uncertainty enters
pavement-design decisions. One group of researchers examined 799 locations where pavements
were designed using historic temperature data.®” The researchers found that current temperature
extremes were greater than assumed in the historic record. As a result, they estimated that

35 percent of the observed asphalt pavements were built with binders insufficient to perform in
current temperature extremes. They estimated those pavements designed to last 20 years will
require rehabilitation after 16 years when the pavement binder grade needed is wrong by

6 degrees Celsius.

Designers will need to update assumptions about temperature and precipitation extremes,
flooding, fires, and other climate-induced changes. The MOT SHA plans to capture
pavement-inundation data to better calibrate its pavement management system.* The additional
data should allow its Office of Materials Technology to systematically factor flood risk into the
LCP decisions.

Some changes could be project-specific or addressed through material specifications, such as
improved binders.3%4% While costs may rise, at least one study found that a change in binders to
offset higher temperatures could improve pavement performance.*! The binder change was
forecast to reduce IRI by up to 5 percent and rutting up to 14 percent. Such a change would
represent a project-level design decision that could have system-wide impacts important to the
TAMP.

Other climate-mitigation strategies could be more expensive and require program-wide funding
that could influence TAMP investment strategies. Examples of these could include elevating or
otherwise “hardening” coastal roads subject to frequent inundation. The Texas study
recommended adopting for flood-prone areas a more robust pavement structure. The more robust
pavement could increase costs and influence the amount needed for the pavement investment
strategies.
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Further complicating decisions on how to increase pavement performance in the face of a
changing climate is the question of timing.*2434* Some research indicates most climate change
impacts will occur gradually over 40 years or more. The short-term impacts may not be
significant enough to influence a pavement designed for 20 or 30 years. One study using the
Mechanistic-Empirical Pavement Design Guide determined that adaptive pavement strategies
will be needed after 2050.%°

Other research infers more rapid impacts. One study suggests that incremental warming will
gradually shorten the winter and increase spring and late-summer conditions for some New
Hampshire coastal pavements.*® Changing season duration increases the spring-like months
when pavements are most vulnerable to rutting. The study indicated the incremental impacts will
steadily increase and shorten pavement life well before 2050. Short-term mitigation strategies
include a 7 percent increase in pavement thickness in the early 21st century, increasing to
32-percent thickness increases by late mid-century.

One way to better understand how the future climate will affect pavements is through
multidisciplinary teams.**8 Team members can bring updated climate data and share it with
pavement designers, pavement management staff, maintenance staff, and staff who develop
TAMPs. FHWA’s many resilience pilots include multiple examples of how teams of
stakeholders developed extreme weather response strategies.

Those reports are available at:
https://www.fhwa.dot.gov/environment/sustainability/resilience/pilots/.

The climate-response strategies can be included in each TAMP update. The TAMP could include
discussion of:

e Pavements that are most vulnerable to climate threats

e Pavement lifecycle strategies that incorporate climate changes

e Risks to good pavement performance presented by extreme weather events
e Pavement investment strategies that accommodate resilience efforts
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CHAPTER 6. THE LINKAGE BETWEEN DRAINAGE STATE OF GOOD REPAIR
AND PERFORMANCE

The critical path to long-term performance for pavements, safety, and environmental
enhancement may well include good drainage performance. The control, or lack of control, of
water affects long-term pavement performance (Figure 19). Excess amounts of water can
contribute to hydroplaning and even sweeping vehicles off roadways. Water quality is affected
by how, and how slowly, water drains from roadways.

A AT £

Managing drainage assets is not
required under the performance
management regulation of 23 CFR
Part 490 or the asset management
regulation in 23 CFR Part 515.
However, the importance of good
drainage to highway performance is
increasingly recognized. It is likely
that more and more State DOTs will
increase the sophistication of their
drainage management to enhance
highway performance.

In 2002, an NCHRP synthesis study
indicated that no State that responded
to a survey reported it had a
comprehensive culvert-management
system.! By 2007, however, an
FHWA survey indicated that at least
29 States had some form of culvert
management system.? In 2019, at
least three States included culverts in
their TAMPs; those were California, Minnesota, and Ohio. An Internet search finds State DOTs
in Wisconsin, Vermont, Maine, and others enhancing their drainage inventories.

Source: iStock.
Figure 19. Photo. A pothole full of water.

Drainage and Pavement Performance

The linkage between good drainage and transportation performance has been long understood.
Early pavement designer John L. McAdam emphasized the importance of good drainage to
roadway performance in a series of reports he produced between 1816 and 18204
Eighteen-hundred years before McAdam, the Romans included drainage ditches and pavement
slopes to prevent water from weakening their roads.> An old cliché is that three things matter to
pavement performance, “drainage, drainage, and drainage.”®

Recent research confirmed these long-recognized benefits and enhanced them with new insights.
One recent study confirmed anew the understanding that the strength of a pavement base
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measured by the resilient modulus dropped significantly with base saturation.” The deterioration
was negligible in dry-freeze conditions but substantial in wet-freeze ones.

Pavement designers incorporate estimated amounts of moisture into their pavement design.
Several of the researchers, however, state the problem is that many States lack a “follow
through” drainage maintenance process. The lack of a maintenance process based upon the
pavement designer’s assumptions can lead to early pavement failure. Researchers documented
many studies such as the early AASHTO Road Test that confirmed moisture’s role in pavement
deterioration.®

A Minnesota DOT subsurface drainage manual states subsurface drainage maintenance is
essential to protecting pavement investments and performance.® It states that not only is the
capital cost of the drainage structures at risk from poor maintenance, but the pavement is, as
well. It states that moisture damage to pavement can be several times more costly than drainage
maintenance.

The Minnesota subsurface drainage manual alludes to a point made several times in FHWA asset
management publications—that multidisciplinary, cross-cutting coordination is needed to
preserve assets. The Minnesota manual notes when describing drainage maintenance needs that
both pavement designers and maintenance staff must coordinate. The manual states that
pavement designers well understand the importance of drainage maintenance. However, they do
not direct the maintenance staff who are needed to annually inspect and clear drainage
structures.©

As early as 1997, an NCHRP drainage maintenance synthesis report recommended a team
approach. Otherwise, drainage failures can compromise pavement performance.!! It noted that
pavement designers, construction staff, and maintenance staff need to coordinate for pavements
to not fail prematurely from poor drainage. Examples of needed cross-coordination include:

e The designer must know if, or if not, drainage maintenance will occur and to what
degree. The amount of pavement base moisture is an important design consideration. If
the designer assumes frequent drainage maintenance occurs, and it does not, the design
could be flawed.

e Construction crews must understand the details of the permeable base, edge drains, and
other features to ensure they are constructed to perform as intended.

e The maintenance staff must understand how and when drainage maintenance needs to
occur.

e A “feedback loop” from maintenance to design could include advice on how to construct
and mark outlets so maintenance staff can easily find them.

Further evidence of the benefits of cross-cutting, interagency coordination was included in the
drainage research.'? Not only does drainage maintenance extend pavement life by controlling
base moisture, so does pavement preventive maintenance. Crack sealing and various seal coats
reduce surface moisture reaching pavement bases. >4 Researchers noted that long-term
pavement performance can be enhanced by preventive maintenance that reduces surface water
infiltration. Those efforts are complemented by regular sub-surface drainage maintenance.
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Several studies note that water reaches pavement structures through pavement cracks, side
ditches, melting ice layers during spring thaws, from the water table, and from water vapor.t>16

Recent New Zealand research confirmed that enhanced drainage maintenance could be a
cost-effective means to extend pavement life.!” The project modeled different degrees of
drainage obstruction, such as the effect of a 20-percent blockage or a 100-percent blockage. It
determined that weeks could pass after rainfall before the base returns to equilibrium condition
when drainage is even partially blocked. In the meantime, significant pavement damage can
occur. The study recommended prioritizing drainage maintenance as a cost-effective pavement
strategy. Emphasis can be in areas with high water tables or other hydrologic risks.

Research continues into the effect of climate-induced moisture changes and pavement
performance. One study noted a sharp divide in the way climatologists and pavement designers
face climate forecasts.'® Climatologists emphasize probabilities. Pavement designers rely on
“known” and “best available” data. That study recommended more recognition of the
hydrological uncertainty that factors into long-term pavement designs. Changes in precipitation
rates, freeze-thaw cycles, and subsurface moisture could affect how drainage and pavement
performance are addressed.

Another study made similar points. It recommended consideration for how climate-induced
precipitation changes may require additional drainage strategies to ensure flexible pavement
performance.® It noted that when flooding becomes more frequent, unbound layers and subgrade
stiffness is reduced. Higher roadways, enhanced drainage, and reduced use of fine materials in
unbound layers may be needed.

NCHRP Synthesis 239%° summarizes decades of research on the linkage between good drainage
design and maintenance and pavement performance:

“Subsurface drainage is a key element in the design of pavement systems. Indiscriminate
exclusion of this element will assuredly lead to the premature failure of pavement
systems, thereby resulting in high lifecycle costs. Faulting and associated pumping in
rigid pavement systems, extensive cracking from loss of subgrade support in flexible
pavement systems, and distress from significant frost heave are clear signs of inadequate
drainage. After years of unsuccessful sealing attempts, we have learned that we cannot
prevent water from entering a pavement and that the removal of that water is essential
for the pavement elements to perform as predicted. ”

Drainage and Safety Performance

The effects of pavement friction and rutting on highway safety has been discussed in earlier
sections of this report. The degree to which friction and rutting influence safety is, in part,
influenced by drainage. Well-functioning drainage removes water from roadway surfaces more
quickly and can contribute to highway safety.?

FHWA'’s guide, Maintenance of Drainage Features for Safety, identifies several ways in which
good drainage contributes to safe roadways.
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Over time, traffic and resurfacings can affect the original cross slope of roadways. The lack of
adequate cross slope can exacerbate ponding in ruts and other pavement depressions. The
ponding decreases pavement friction and can cause motorists and bicyclists to swerve to avoid
the water. Ponding also can increase when storm drains are blocked or nonexistent.

The degree to which water collects in
ruts also can be influenced by the
effectiveness of drainage. Water is less
likely to remain in ruts if adequate
drainage is designed and drainage
features are functioning.

In sections of the travel way where
runoff flows directly onto the shoulders
(where there are no curb and/or
gutters), water may collect along the
edge of the travel way. Water on a
portion of roadway can result in drivers
losing control of their motor vehicle,

. L. Source: iStock.
particularly when braking in an Figure 20. Photo. Tire splash.
emergency. This can happen when the

inside tires are in contact with roadway surface while the braking ability of the outside tires is
hindered by the water (Figure 20).

Water ponding on the edge of the pavement contributes to the deterioration of the pavement edge
and the rutting of stabilized soil supporting the pavement edge. That can result in additional
safety hazards. Edge drop-offs and shoulder scour are often caused when water is trapped at the
pavement edge by the build-up of debris and vegetation growth. Traversable, well-maintained
roadside ditches both reduce the chance of roll over crashes and reduce water on the roadway.

Drainage maintenance is not only important for pavement performance but also safety
performance. Drain inlets or outlets clogged with vegetation or litter can cause roadway ponding.

Grates and drop inlets can be safe for motorists but can be hazardous for bicyclists. The amount
of bicycle and pedestrian traffic should influence drainage structure design.

Drainage and Water Quality

Well-maintained drainage may not only enhance safety, condition, and pavement performance, it
can also enhance the environment when best management practices (BMPs) are applied.??
TAMPs could acknowledge that their investment strategies support good drainage for several
reasons. First, it helps minimize deterioration of pavements. Second, investment strategies that
improve water quality support progress toward the national goals. One of the seven national
transportation goals is environmental sustainability, “[t]o enhance the performance of the
transportation system while protecting and enhancing the natural environment.”23 Supporting
water quality could also support the agency’s mission or vision, which often includes enhancing
the environment. TAMP objectives should align with the State DOT’s mission.?* The MOT SHA
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vision statement says, “To provide a safe, well-maintained, reliable highway system that enables
mobility choices for all customers and supports Maryland’s communities, economy, and
environment.”?® The Florida Department of Transportation mission is as follows: “The
department will provide a safe transportation system that ensures the mobility of people and
goods, enhances economic prosperity, and preserves the quality of our environment and
communities.”?® The Colorado Department of Transportation vision is, “To enhance the quality
of life and the environment of the citizens of Colorado by creating an integrated transportation
system that focuses on safely moving people and goods by offering convenient linkages among
modal choices.” 2" Additionally, drainage investments can extend pavement life and reduce
crashes while reducing highways environmental impacts. Poorly maintained culverts (Figure 21)
can lead to flooding and collapse during storm events.

The U.S. Environmental Protection Agency notes that heavy metals, oils, and other pollutants
can exist in highway runoff. Drainage BMPs can prevent erosion that carries these materials and
also can trap pollutants before they can be discharged.?® Additionally, controlling the speed and
flow of highway runoff can reduce harmful stream erosion.

Source: iStock.

Figure 21. Photo. A deteriorated culvert.

The FHWA Hydraulic Engineering Circular 22 notes that storm water BMPs are usually based
on three types. One type reduces erosion, another prevents mixing of pollutants from
construction sites with storm water, and a third traps pollutants before they are discharged. Many
strategies are used in these BMPs. Just a few include roadside swales, detention/retention
facilities, infiltration basins, sand filters, and vegetated areas. Even wetlands can be part of a
BMP.

As with drainage overall, ongoing maintenance is essential for the long-term contribution of the
highway BMPs to water quality.?® The FHWA circular states that even in a properly designed
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and constructed storm drainage system, a comprehensive program for storm drain maintenance is
essential. Regular in-pipe inspection will detail long-term changes and will point out needed
maintenance. The program should include periodic inspections with supplemental inspections
following storm events.
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CHAPTER 7. STATE OF GOOD REPAIR AND COMPLETE STREETS

When using lifecycle plans, State DOTSs periodically rehabilitate or reconstruct urban pavements
and bridges. When urban pavements are reconstructed, projects often replace pavement bases,
update underground utilities, and rebuild drainage, including curbs and gutters. For an individual
roadway segment, these types of projects may occur only every 30 to 50 years. However, with
thousands of urban lane miles, State DOTs may be involved in several such projects annually.

These urban reconstruction projects
provide opportunities for coordinating
Complete Street projects with pavement
and bridge LCP (Figure 22). Complete
Street projects support multiple
performance objectives including
enhancing bicyclists and pedestrian safety,
supporting Active Transportation,
supporting transit, and complementing
MPO objectives. These projects may
provide the least-cost opportunities for
adding sidewalks, bike lanes, streetscaping,
and related attributes. The pavement
reconstruction project already includes
costs for contractor mobilization,
maintenance of traffic, and drainage
repairs. Opportunities exist to cost share
with transit, safety, and other programs to implement Complete Street concepts with such
reconstruction projects.

Source: iStock.
Figure 22. Photo. A pedestrian crossing.

FHWA defines Complete Streets as being designed and operated to enable safe use and support
mobility for all users.® A Complete Street could include many elements, including sidewalks,
bike lanes, bus lanes, public transportation stops, crossing opportunities, medians, curb
extensions, and landscaping.

When considering how long-term pavement conditions affect overall system performance, a
State DOT could evaluate the following opportunities to achieve the agency’s mission, support
the national goals, and deliver needed pavement-reconstruction projects:

e Do urban pavement rehabilitation and reconstruction projects provide opportunities to
reduce bicyclist and pedestrian crashes by including medians, pedestrian islands, and
other features?

e Can transit and Active Transportation opportunities be enhanced with project elements?

e Can the urban environment be enhanced by the appearance, color, textures, and features
included in the reconstruction project which supports the agency’s “quality of life”
objectives?
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The ARC identified three priorities for safer walking and bicycling.? First, too many people are
killed walking and cycling. Second, roadway design is the foundation of traffic safety, but safe
design is unevenly distributed, particularly for underserved communities. Third, the fear of being
struck is a major barrier to increased walking, biking, and use of transit. Its plan calls for a Safe
System approach to urban and suburban roadways and the long-term integration of Complete
Streets into transportation projects. ARC describes Safe Streets as a holistic, systems-based
strategy that: accounts for all roadway users; anticipates that humans will make mistakes; and
shares responsibility for safety between individual road users and system designers. ARC
identified a reconstruction project as a potential opportunity to improve system performance in
this capacity.

The ARC Safe Streets for Walking and Bicycling plan states in part:

“Each year, hundreds of roadway projects in the 20-county region rebuild existing roads
or build new ones. New urban and suburban development continues in one of the fastest
growing regions in the country. Every one of these projects is an opportunity to
implement proven safety countermeasures or change communities to those that support
complete streets and eliminate fatal and serious injury crashes among all road users.

Urban reconstruction projects that implement lifecycle strategies not only align with the TAMP’s
lifecycle strategies, but they can also integrate into the metropolitan planning process by
supporting MPO objectives. For example, “promote the redevelopment of declining and
abandoned areas” and “promote healthy and active living” are two objectives of the greater
Cleveland MPO that could be supported with Complete Street projects.* Objectives like these
can provide opportunities for TAM on pavement and bridges to support.

The Denver Regional Council of Governments’ (DRCOGs’) Active Transportation Plan states
that pedestrians and bicyclists are the most vulnerable road users.® Its Active Transportation Plan
noted that only 5 percent of respondents felt comfortable bicycling on a four-lane facility, while
72 percent would be comfortable bicycling on a four-lane facility with a separated bicycle lane.
The DRCOG’s Active Transportation Plan lists among the benefits of Active Transportation
improved health, improved accessibility for people with disabilities, improved safety, and
increased economic vitality. One way this was accomplished was by leveraging opportunities
through private development, public utilities projects, and major roadway projects to construct or
reconstruct sidewalks and to build new bikeways in order to close network gaps in sidewalks and
bikeways.® Other opportunity is in roadway resurfacing projects. Such projects are a
cost-effective opportunity to add bicycle facilities and upgrade curb ramps.’

Earlier sections of this document discussed the importance of Complete Street-like
improvements to reverse the trend of rising pedestrian fatalities. Many Complete Street elements
have been proven through CMFs to reduce pedestrian injuries and deaths. One study attributed
up to 3,500 reduced pedestrian and bicyclists deaths over 29 years to Florida’s Complete Street
program.® Another study noted Germany’s pedestrian-fatality rate was one-fifth that of the U.S.
rate, largely because of more pedestrian-friendly German urban streets.® These and other studies
appeared to show a direct link between Complete Street-type of improvements and reductions in
pedestrian and bicyclist fatalities.
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Complete Streets include elements that one comprehensive study found improved pedestrian
safety.® Those elements are:

e Separation of pedestrians from vehicles by time or space
e Increased pedestrian visibility
e Reduced vehicle speeds

Elements such as pedestrian islands, medians, and signal timing favoring pedestrians provide
both spatial and temporal pedestrian-vehicle separation. Enhanced lighting and warning at
crosswalks enhance pedestrian visibility. Traffic calming reduces speeds, which can reduce both
pedestrian crash numbers and severity.
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CHAPTER 8. STATE OF GOOD REPAIR AND MOBILITY AND RELIABILITY

Although it would seem intuitive that conditions, particularly pavement conditions, would affect
travel speed or reliability, a literature review for this publication did not produce evidence of
links between pavement conditions and reliability. Some research found correlation between
pavement conditions and travel speed, but the results were mixed.

One 2013 study® noted a lack of recent research on the link between IRI and travel speed, with
most of the research pre-dating the 2000s. This study used roadway data from the California
Department of Transportation (Caltrans) and found a slight effect on travel speeds based upon a
section’s IRI. The regression model developed from the research indicates that the average speed
decreased by 0.0083 miles per hour for each inch that the IRI increased.

A 1996 research paper from the Swedish National Road Administration found a 1-mph speed
increase between a set of newly resurfaced roads and a control group of similar roads with poor
pavement conditions. A 1992 research paper? found a reduction in passenger car speed when IRI
and RD increased.

A case study in India® on the influence of pavement distress on average travel speed showed that
the average speed was significantly reduced with the increase of pavement distress level. The
study found that PCI had greater correlation to travel speed than did shoulder width or traffic
flow.

A similar correlation was found between pavement condition with average speed and headway in
a study of pavement condition and road grade in thirteen road segments in the Harbin City of
China.* The study evaluated pavement condition based on potholes’ width, RD, crack ratio, and
gap repair ratio. Another study found that severely distressed pavement conditions could result in
capacity reduction by up to 30 percent.® It concluded that the influence was statistically
significant. However, this study considered only “with distress” and “without distress”
conditions and did not account for the degree of distress.

In summary, the current literature found some correlation between pavement conditions and
travel speed, but often, the effects were not very pronounced.

Although the connection between IRI and travel speed may not appear to be robust, the
connection between IRI and comfort has been documented. Intuitively, it would seem obvious
that speeds and driver satisfaction would be lower when pavements are in poor condition.

Several researchers suggested that IRI thresholds be set based on a roadway’s travel speed.®"8
This is because at low speeds, drivers rate a higher IRI, or more roughness, to be acceptable. But
as speed increases, so does the “jolt” from rough pavement and the comfort or quality of ride
decreases.

At least one paper® also recommends a speed-based threshold for rutting. It concluded that when
speeds are above 74 mph (120 kilometers per hour), a RD of .4 inches (10 millimeters) under wet
conditions can make lateral skid conditions unsafe. However, the study found that speeds below
50 mph were less affected by the RD of .4 inches. The FHWA rutting performance measure
considers rutting of greater than .4 inches to be rated as poor.°
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Disruption of travel time reliability is associated with uncertainty or disturbance of normal
operating conditions by nonrecurring events, and hence, unpredictable to drivers. The primary
ways pavement and bridge conditions affect travel time reliability are through safety impacts and
traffic disturbance caused by work zones.!! The delay caused by traffic incidents is associated
with unreliability because accidents are non-recurring. Previous sections showed that the
infrastructure conditions, especially pavement conditions, have significant safety impacts,
influencing the rate of crashes and other incidents.

The amount of delay caused by the work zone depends primarily on the lane availability,
pavement condition, presence of people, presence of law enforcement on or around the work
zone, type of operation and the equipment, work-zone length, and duration of the work. Lane
availability may be changed by the work zone in the form of lane closure, lane width reduction,
or changes in lane configuration.!2 The traffic disruptions caused by work zones can have
adverse effects on the safety and mobility, not only along the road segment accommodating the
work zone, but across the road network. In addition, allowing assets to downgrade to a lower
condition state can also impact the duration and extent of the future maintenance operations.
Delayed maintenance leads to costlier, more intensive repair or rehabilitation operations
associated with longer downtime of the road segment and higher levels of traffic disruption.® In
other words, these reports indicate that timely maintenance of pavements and bridges not only
reduces the cost of maintenance, but also makes it easier to keep the traffic disruption at a
minimum.

Asset management is playing an increasingly important role in keeping Transportation Systems
Management and Operations (TSMO) assets in good repair to support mobility and reliability.
Five State DOTSs included mobility or reliability-related assets in the 2019 TAMPs. The
Connecticut DOT’s 2019 TAMP included traffic signals, signs, sign supports, and pavement
markings. The Minnesota DOT’s 2019 TAMP included overhead sign structures, high-mast light
towers, traffic signals, lighting, and Intelligent Transportation (ITS) assets. The UDOT TAMP
described UDOT’s management of advanced traffic management systems (ATMS). The Caltrans
TAMP included transportation management system (TMS) assets. The Nevada Department of
Transportation included ITS assets.

A common theme in the literature about asset management and TSMO assets is that the systems
included many complex electronic and software components, all of which require different
lifecycle strategies.!*® Each agency may have different components, from different
manufacturers, of different ages, all of which require agency-specific management processes.

To help States keep TSMO assets in good repair to support mobility and reliability, FHWA has
produced a primer called “Applying Transportation Asset Management” to ITSs® and another on
traffic signals. The primers are structured around five emerging themes in ITS and traffic signals
asset management in line with the TAMP requirements. They are:

e Asset Identification—This theme provides an overview of the type of asset information
agencies should be collecting for ITS and signals assets and why.

e Management Systems for Assets—This theme discusses management systems in terms
of a collection of processes, procedures, tools, or software systems to help an agency
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collect and store information while providing analysis to inform asset management
decision-making.

e Performance Measures and Targets—This theme highlights some of the practices that
agencies can adopt to measure the condition of ITS and traffic signal assets, as well as
establishing targets. This acknowledges the variety of different components with different
life expectancies and conditions, which can lead to uncertainty about how to best define
the overall condition.

e Maximizing Performance—This theme looks at best practices for planning and
maintaining ITS and traffic signal assets in terms of estimating the cost of managing an
asset class, or asset subgroup, over its whole life, with consideration for minimizing cost
while preserving or improving the condition. This includes adopting long-term
maintenance plans and considering lifecycle analysis for ITS assets and considering a
plan for when such assets may become obsolete or no longer supported.

e Resource Allocation—This theme looks at recommended approaches for identifying and
communicating funding and resource needs for long-term management of ITS and traffic
signal assets.

Maintaining TSMO assets in good repair becomes a critical issue as these systems age.'’
Systems plagued by bugs and inoperable components will not only fail to support mobility, but
they can also reduce the perceived utility of the systems. The FHWA primers reiterates earlier
research!®1® that recommends State DOTs develop investment strategies so that TSMO assets
can remain in good repair to support mobility and reliability.
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CHAPTER 9. LINKING TAMPS TO MULTIPLE PERFORMANCE AREAS

After discussing how assets in good repair can support multiple performance areas, this
document shifts to discussing how the TAMP-development process could incorporate
considerations of bridge and pavement contributions to multiple performance areas. Then, it will
discuss how each TAMP section could contribute to understanding how the TAMP supports
these multiple objectives.

Incorporating Multiple Perspectives into a TAMP
In a TAMP question and answer guidance document,® FHWA stated:

“State DOTSs are required to have a process for analyzing gaps in the performance of the
NHS that affect NHS pavements and bridges regardless of their physical condition

(23 CFR 515.7(a)(2)). Under this provision, State DOTs must address instances where
the results or recommendations from other plans, including the State's Highway Safety
Improvement Program, State Freight Plan, etc., may have an effect on NHS pavement
and bridge assets. This could occur if the recommendations from the other plans call for
additions or changes to the existing pavements, bridges, or other physical assets.”

In the preamble to 23 CFR Part 515, FHWA also noted that information on changes needed to
NHS pavement and bridge assets to support system performance can be gathered by reviewing
other State plans. These could include the HSIP, SHSP, and the State Freight Plan, if the State
has one. Other relevant plans and programs could be the LRSTP, the MTP, or State or regional
efforts for TSMO.

Further linkage of the TAMP to other objectives comes from provisions of both 23 CFR Part 450
and 23 CFR 515.9(h).2 The TAMP provision at 23 CFR 515.9(h) requires the State DOT to
integrate its asset management plan into its statewide transportation planning processes. The
planning provision at 23 CFR 450.206(c)(4) requires the State DOT to integrate into the
statewide transportation planning process, directly or indirectly, the goals, objectives,
performance measures, and targets of other State transportation plans, such as the TAMP. These
provisions mean that, in carrying out the transportation planning process, the State DOT must
consider its TAMP, including the TAMP's investment strategies, as part of the decision-making
process during planning.

The coordination of the TAMP with other plans and programs could occur in multiple ways,
including:

e Staff who develop the TAMP could review other plans and programs and look for
opportunities to coordinate TAMP components with those plans and programs.

e TAMP staff could convene multidisciplinary working groups to develop the TAMP.
Members could represent those who develop the LRSTP, SHSP, HSIP, MTPs, or the
Freight Plans. The working group could identify links between the TAMP and the other
plans.

e Because congestion reduction and environmental sustainability are goals, staff who work
in those areas could provide input to the TAMP.
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e State DOTSs could coordinate with MPQOs about how the TAMP investment strategies
could link bridge and pavement programs to regional and community objectives.

How Each TAMP Section Could Reflect Performance Considerations

A TAMP shall discuss how the plan’s investment strategies collectively would make or support
progress toward achieving national goals* identified in 23 U.S.C. 150(b).> As noted, the national
goals are broad. They encompass safety, infrastructure condition, congestion reduction, system
reliability, freight movement and economic vitality, environmental streamlining, and reduced
project delays. Investment strategies result from the components or analysis of each TAMP
section. Each TAMP section could help “set the stage” for investment strategies that support
multiple performance objectives and the seven national goals.

Per 23 CFR 515.9(d), TAMPs asset management plans shall include:

e Asset management objectives that should align with the State DOT’s mission and must
be consistent with the purpose of asset management
e Asset management measures and targets for asset condition including those established
pursuant to 23 U.S.C. 150 for NHS pavements and bridges; the State DOT may include
measures and targets for NHS pavements and bridges established through pre-existing
management efforts or through new efforts
e A summary description of the condition of NHS pavements and bridges regardless of
ownership
e Performance gap identification. Performance gaps are, “the gaps between the current
asset condition and State DOT targets for asset condition, and the gaps in system
performance effectiveness that are best addressed by improving the physical assets.”
e LCP
e Risk management analysis
e Financial plan
An asset management plan shall discuss per 23 CFR 515.9(f) how the plan’s investment
strategies collectively would make or support progress toward:

e Achieving and sustaining the desired SOGR over the life cycle of assets

e Improving or preserving the condition and performance of the NHS relating to physical
assets

e Achieving the State DOT targets for asset condition and performance of the NHS in
accordance with 23 U.S.C.150(d)

e Achieving the national goals identified in 23 U.S.C. 150(b)

A State DOT must include in its plan per 23 CFR 515.9(g) a description of how the analyses
required by State processes developed in accordance with section 515.7 (such as analyses
pertaining to life cycle planning, risk management, and performance gaps) support the State
DOT’s asset management plan investment strategies.
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Performance-Related Objectives, Measures, and Targets

TAMP objectives could include consideration of multiple performance areas. For example,
pavement objectives could include language to support safety, such as ensuring that pavements
have adequate friction in the appropriate locations to support the SHSP and HSIP. Objectives
could reference that the State DOT will manage pavements to reduce rutting, if wet-weather
crashes are a focus of its highway safety efforts. If roadway departure crashes are a priority, the
pavement objectives could include language, as appropriate, to fund wider shoulders, the Safety
Edge, or other complementary strategies.

Bridge objectives could indicate that the State DOT will manage bridges to ensure the long-term
mobility of passengers, freight, and transit operations. Such an objective could be relevant to
plans for managing the State’s particularly large bridges. In many States, a few very large
structures are disproportionately important to freight haulers or motorists. Long-term planning
for those structures could include consideration for how they will complement long-term freight,
transit, and mobility needs.

Resulting from these objectives could be pavement-related measures and targets to support them,
including:

e Achieving the annual skid testing and remediation targets particularly at high-risk
locations such as intersections, crosswalks, horizontal curves, or railroad crossings

e Limiting the amount of rutting, if reducing rutting is among the State DOT’s
crash-remediation strategies

e Systematically adding shoulder treatments to HRRRs if shoulder treatments are part of a
roadway-departure-reduction strategy

Bridge-and-structure-related measures and targets could include:

e Achieving the number of seismic retrofit projects scheduled in a resilience plan

e Reducing the number of load-limited bridges that could impede freight movement

e Improving bridges that are too narrow, have inadequate geometry, or do not support
Active Transportation

e Replacing or rehabilitating the number of structures deemed vulnerable to wave action,
scour, or other hydrologic threats

e Progress toward completing culvert and drainage structure inventories and management
programs

Summary Description of Assets and Those Affecting Performance

State DOTs could enhance the summary description of assets by summarizing the asset
subgroups or collections of individual assets that are most critical to improving performance. It is
likely that such assets will influence later TAMP sections, such as the lifecycle plan, risk
analysis, financial plan, and investment strategies. These assets can create inordinate risks and
opportunities to condition and performance, as well as to agency budgets. Examples could
include:
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e Large bridges in poor or nearly poor condition that, over time, could be impediments to
both freight movement and achieving condition targets. Such bridges can be
disproportionately influential to overall statewide conditions, to financial plans, and to
freight movement.

e The urban pavements that need reconstruction and will be candidates for Complete Street
improvements. Again, these locations can create disproportionate financial impacts. They
are more expensive than typical resurfacings but present opportunities to enhance
pedestrian safety and achieve other Complete Street objectives.

e The structures at risk from seismic or climatic affects, such as bridges vulnerable to wave
action. Summarizing these types of structures draws attention to the need for resilience
investments and to the threats that could impede the SOGR.

e Structures or pavements that represent “historic waves” that will reach their lifecycle’s
end during the 10-year TAMP period. These could include Interstate pavements and
bridges that have not been reconstructed since their original construction, or they could
include early-generation ITS assets that are approaching obsolescence. Overhead sign
structures are another class of such assets that some State DOTs have cited as requiring
systematic investment.

Condition Gaps and Their Effect on Performance

The objective of performance gap analysis is to track performance compared to short-term
targets and long-term performance goals for a SOGR.’ Also, the information from a performance
gap analysis is applied to undertake life cycle and financial planning to develop alternative
strategies to close or address the identified gaps to operate and improve or preserve the existing
assets.

In addition to describing the gaps between conditions and short-term targets, the performance
gap analysis could describe condition-related performance gaps. Examples could be:

e Gaps in pavement friction, rutting, shoulders, or other attributes that present gaps to the
State DOT’s highway safety strategies

e The number of urban pavement sections lacking sidewalks, bike lanes, or pedestrian
features that impede the State DOT’s Complete Streets, pedestrian-safety, or Safe Routes
to School targets as described in Safe Routes to School Programs®

e The number of bridges that have not been “hardened” or retrofitted for seismic or
hydrological threats according to state resilience plans or strategies

e Gaps in data, condition, or investments to understand and achieve resilience and
water-quality objectives for culverts and other drainage features

e Gaps in the number of roadway sections vulnerable to flooding or sea level rise that have
not yet been improved as called for in State or regional resilience plans

How Lifecycle Plans and Performance Are Linked

LCP both informs performance gap analysis for asset condition and is informed by the
performance analyses for other performance areas.® LCP provides the strategies that determine
the resources needed to achieve long-term objectives for the TAMP that may also influence other
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planning documents. Other plans, such as the SHSP, provide context to the LCP analysis. Those
plans help the State DOT better understand how achieving the objectives and targets established
in those plans impact the agency’s preferred life cycle strategy for each asset.

In addition to managing an asset’s condition, the LCP process considers how the asset performs
within the larger transportation system. LCP begins with performance objectives.'* The
objectives ensure that investments address strategic agency priorities. Asset condition and
minimum acceptable performance are two examples of the type of performance measures LCP
uses. Both the condition measures and the performance measures help determine when asset
improvements or interventions are needed.

If the size, design, or components of a bridge or pavement do not contribute to objectives such as
safety, mobility, or resilience, those considerations could influence the lifecycle plan. Assets may
be retired before the end of their lifecycle to meet system performance objectives, or the asset’s
need for rehabilitation or reconstruction could provide the opportunity for adding features—such
as Complete Street or resilience components—to maximize overall system performance, or the
lifecycle preservation treatments could be timed or designed to enhance safety.

The TAMP’s lifecycle plan could discuss how LCP strategies mesh with system performance
objectives by:

e Discussing how preservation treatments, such as thin pavement overlays, are evaluated
for their contribution to pavement performance and safety performance

e Explaining if and how rural pavement treatments are coordinated with HRRR strategies,
such as improving shoulder conditions

e [lllustrating how urban pavement-reconstruction or rehabilitation programs will
coordinate with Complete Street efforts

e Coordinating urban bridge replacement projects with objectives for Complete Streets,
Active Transportation, or Safe Routes to School

e Enhancing resilience by incorporating weather and seismic risks into bridge and
pavement lifecycle plans

Enhancing Performance by Managing Risks

The risk management section could discuss which asset-condition risks threaten system
performance. It also could identify the mitigation strategies the agency adopts to reduce system
condition risks and enhance system-performance opportunities. Examples could include:

e Pavements threatened by periodic flooding present risks to long-term pavement
performance and to mobility. Incorporating treatments to reduce these vulnerabilities
could enhance both long-term pavement performance and the transportation system’s
resilience by reducing the likelihood that the pavement fails, or that the roadway closes
during emergency events.

e Aging, deteriorating large structures can present a risk to bridge performance targets, to
long-term freight mobility, and to agency budgets. Treatment or replacement plans for
these bridges reduce both long-term condition risks, as well as long-term freight mobility
risks.
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Pedestrian safety risks can be reduced by incorporating pedestrian-safety treatments in
urban pavement projects.

Risks to road failure during increased storm events can be reduced through culvert
inventory, inspection, and maintenance programs.

Improving Performance Through Financial Plans and Investment Strategies

TAMPs’ discussion of financial plans and investment strategies could articulate how the
strategies both achieve condition targets and also enhance performance in multiple areas.
Examples include:

The financial plan’s work type allocations for reconstruction and rehabilitation could be
adequate to support the inclusion of Active Transportation or Complete Streets elements
when urban pavements are reconstructed.

The financial plan could include line items for improving at-risk assets that reduce
system performance, such as load-limited bridges or aging pavements that require
reconstruction.

Rural pavement investment strategies could include funding for Safety Edges, improved
shoulders where needed, or coordination with HRRRs strategies.

Urban pavement programs are funded and linked to programs for pedestrian safety,
intersection safety, or other high-risk locations.

The financial plan includes funds for bridge investment strategies that consider not only
bridge conditions but also include funds to address the need for bridges to accommodate
Super Loads, long-term capacity needs, or Active Transportation needs.

Bridge and pavement investment strategies include consideration for resilience to reduce
threats from extreme weather, sea-level rise, or seismic events.

Investment strategies prioritize high-risk assets such as aging Interstate pavements and
bridges, or routes critical to emergency response.

In short, the financial plan and investment strategies could summarize how each respond to the
needs, gaps, risks, and lifecycle strategies to both improve or preserve conditions and enhance
system performance.
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CHAPTER 10. SUMMARY AND CONCLUSION

Because each State DOT defines its own SOGR, each has broad latitude to link its performance
objectives to its asset conditions. A State DOT could add pavement friction as an SOGR criterion
in addition to IRI, rutting, cracking, or faulting. It could decide a pavement does not support
safety performance if its shoulders are inadequate. A pavement’s SOGR could consider whether
its crown and cross slope quickly drain rainfall. Bridges may be in good repair if they have
sidewalks and bike lanes to meet Active Transportation objectives. Pavements and bridges may
be in good repair if their elevations can withstand flooding, sea level rise, or wave action. A lack
of these attributes could mean the assets’ condition do not support performance objectives.

Balancing efforts to enhance an asset’s condition with its contribution to system performance can
be complex. In earlier sections, this document described the balance necessary to make
pavements long-lasting, smooth, and quiet while providing adequate friction. Financially
strapped agencies may struggle to widen bridges to accommodate pedestrians and cyclists if they
face declining bridge conditions. Agencies that are striving to achieve pavement targets may not
easily afford the extra costs to add Complete Street elements to pavement-reconstruction
projects.

The TAMP-development process provides a framework for considering these complex tradeoffs.
The TAMP describes how the highway system will be managed to achieve State DOT targets for
asset condition and system performance effectiveness while managing the risks, in a financially
responsible manner, at a minimum practicable cost over the life cycle of its assets.

The TAMP articulates condition and performance objectives. Then it analyzes how lifecycle
plans and investment strategies close the gaps and manage risks to condition and performance.
The TAMP provides a framework for incorporating system performance strategies as part of
asset-condition strategies.

The TAMP-development staff can coordinate stakeholders to identify opportunities for
enhancing system performance while deploying lifecycle strategies. The TAMP development
process can include stakeholders’ perspectives for safety, mobility, resilience, freight movement,
reliability, and sustainability. Each stakeholder could contribute to considerations of how bridge
and pavement lifecycle plans can consider more than only asset conditions. They can consider if,
how, and when asset-treatment strategies can be enhanced to achieve other performance
objectives.

The TAMP also can acknowledge and incorporate the priorities of other plans. These include the
SHSP, HSIP, and the state Freight Plan, among others. Also, important could be the State DOT
and MPO strategies for congestion reduction, reliability, and environmental sustainability. Each
plan and program comes with its own resources, including funding, data, and expertise. The
TAMP can capture from these other plans and programs linkages to both support asset condition
strategies and system performance strategies.

The research and examples in this report document the linkage between a SOGR and
performance. The TAMP provides a means to analyze, explain, and deploy strategies to further
strengthen those linkages.
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APPENDIX A. FICTIONAL TAMP CHAPTERS LINKING CONDITION TO
PERFORMANCE INTRODUCTION

The following appendices include three sections of a fictional TAMP. The three fictional
sections are written to illustrate the concepts in an FHWA report entitled “How Pavement and
Bridge Conditions Affect Transportation System Performance.”! That report summarizes how
bridges, pavements, and other assets in good condition support multiple transportation
objectives, such as safety, resilience, environmental quality, and the overall quality of life. This
report illustrates how a fictional State DOT could use that report’s concepts to link its TAMP to
a wide array of performance objectives.

The topics of these chapters are risk management, performance gap analysis, and investment
strategies. The chapters are consistent with the typical State DOT TAMPs and with the 23 CFR
Part 515 requirements, although representing a fictional State DOT. Of particular relevance to
these chapters is the performance emphasis in 23 U.S.C. 119 (e)(1). It states, “A State shall
develop a risk-based asset management plan for the NHS to improve or preserve the condition of
the assets and the performance of the system.” Also relevant to this document is 23 USC
119(e)(3), which states, “In developing a risk-based asset management plan, the Secretary (of
Transportation) shall encourage States to include all infrastructure assets within the right-of-way
corridor in such plan.” These chapters illustrate just a few ways in which a fictional State DOT
could link investment strategies to numerous performance objectives.

Background Relevant to These Fictional Chapters

The asset management regulation in 23 CFR Part 515 includes the following regarding
performance gap analysis, risk management plan, and investment strategies:

“A State DOT shall establish a process for conducting performance gap analysis...At a minimum
the State DOT’s process shall address the following in the gap analysis...The gaps, if any, in the
performance of the NHS that affect NHS pavements and bridges regardless of their physical
condition.”?

“A State shall establish a process for developing a risk management plan. This process shall, at a
minimum, produce the following information...Identification of risks that can affect condition of
NHS pavements and bridges and the performance of the NHS, including risks associated with
current and future environmental conditions, such as extreme weather events, climate change,
seismic activity, and risks related to recurring damage and costs as identified through the
evaluation of facilities repeatedly damaged by emergency events carried out under part 667 of
this title. Examples of other risk categories include financial risks such as budget uncertainty;
operational risks such as asset failure, and strategic risks such as environmental compliance.”?

“An asset management plan shall discuss how the plan’s investment strategies collectively would
make or support progress toward...Improving or preserving the condition of the assets and the
performance of the NHS relating to physical assets.”*
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The following definitions come from 23 CFR 515.5:

“Investment strategy means a set of strategies that result from evaluating various levels of
funding to achieve State DOT targets for asset condition and system performance effectiveness
at a minimum practicable cost while managing risks.”

“Lifecycle cost means the cost of managing an asset class or asset sub-group for its whole life,
from initial construction to its replacement.”

“Performance of the NHS refers to the effectiveness of the NHS in providing for the safe and
efficient movement of people and goods where that performance can be affected by physical
assets. This term does not include the performance measures established for performance of the
Interstate System and performance of the NHS (excluding the Interstate System) under 23 U.S.C.
150(c)@)(IN(A)(IV)—V).”

“Performance gap means the gaps between the current asset condition and State DOT targets for
asset condition, and the gaps in system performance effectiveness that are best addressed by
improving the physical assets.”

“Risk management means the processes and framework for managing potential risks, including
identifying, analyzing, evaluating, and addressing the risks to assets and system performance.”

Background Relevant to Fictional State Department of Transportation

Although these chapters are for a fictional State DOT, the data cited are taken from actual State
DOTs and anonymized. These examples represent ones found in 2019 TAMPs. They are
enhanced to illustrate how State DOTs could more explicitly indicate how their asset
management bridge and pavement conditions influence safety, resilience, reliability, freight
movement, and other areas of transportation system performance.

Background information about this fictional State is included below to provide context for this
fictional agency. State ABC is:

¢ Including all State-owned pavements and bridges in its TAMP and not only NHS
pavements and bridges

e Facing as an east coast agency long-term sea level rise and increasing extreme weather
events

e Experiencing climate impacts and recognizing resilience risks, such as lacking a culvert
inventory and having an inordinate number of scour-critical bridges

e Contending with NHS bridge conditions that are much worse than national averages,
although pavement conditions are good compared to national averages

e Experiencing increasing pedestrian fatalities, which led it to adopt policies to reduce
pedestrian crashes

e Prioritizing freight mobility because as an industrialized state its economy is highly
dependent on freight movement
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e Facing constrained finances and is not able to fully fund all the bridge and pavement
investments it would like and must make financial tradeoffs between bridge and
pavement programs

The following three fictional TAMP chapters include the Performance Gap Analysis, Risk
Management Analysis, and Investment Strategies. Although these three chapters do not include
the objectives, measures, and targets TAMP sections, in this fictional scenario, the agency has
decided it must accept slightly lower pavement conditions to increase funding to improve its
bridge inventory. Therefore, the performance gap analysis section and the investment strategy
sections assume the agency already has lowered pavement targets and raised bridge condition
targets.
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APPENDIX B. PERFORMANCE GAP ANALYSIS PROCESS

Our agency’s performance gap analysis section examines gaps between our agency’s projected
bridge and pavement conditions and our targets. It also examines how condition and data gaps
could affect performance in multiple areas such as safety, freight movement, and resilience.

Our DOT established a process for conducting the performance gap analysis so that the gap
analysis would lay the groundwork for later sections such as the risk analysis and investment
strategies. The process involved the following steps:

1. Tasking our multidisciplinary TAMP Development Team to identify not only condition
gaps, but gaps in the performance of the NHS that affect NHS pavements and bridges
regardless of their physical condition. Gaps in the performance of the NHS are
determined by examining our performance-based plans, programs, and other performance
efforts, such as, but not limited to, the SHSP,* the State Freight Plan (SFP), the Freight
Reliability Index,? the CMAQ Traffic Congestion Measures,® and the NHS Travel Time
Reliability measures.*

2. Tasking the TAMP Development Team to review our LRSTP and the MTPs adopted by
our metropolitan planning organizations (MPO) to identify planning objectives that could
be supported by our TAMP’s investment strategies.

3. Coordinating our gap analysis efforts with the target-setting, LCP, and investment
strategy efforts

4. Comparing our current conditions to the current bridge and pavement targets

5. Generating from our bridge and pavement management systems forecasts of the bridge
and pavement conditions for each of the next 10 years based upon the final preferred
investment strategy

6. Comparing the difference, if any, between the forecasted conditions and our agency’s
condition targets for each of the TAMP’s 10 years. That includes comparing any gaps to
our Federally required 2-year and 4-year bridge and pavement targets.® Federal regulation
requires that our TAMP’s investment strategies discuss how they achieve an SOGR.® We
adopted as our definition of SOGR the targeted conditions set for the 10th TAMP year.

7. Linking the Performance Gap Analysis process to the investment strategy efforts to
evaluate alternative strategies to close or address the identified gaps before the final gaps
were documented

8. Documenting the projected condition gaps after alternative strategies were evaluated and
a final preferred investment strategy was selected

9. Documenting how gaps in bridge and pavement conditions could affect performance in
other areas, such as safety, freight movement, and resilience

10. Writing the final performance gap analysis section

This coordination between the gap analysis, target setting, LCP, and investment analysis ensures
that the performance gap process results in meaningful conclusions. In reviewing gaps and
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alternative investment strategy options, our agency reluctantly lowered pavement condition
targets to accommodate the need for increased bridge investment. As discussed later, we would
have preferred to sustain our current pavement conditions. Limited funds, however, led to a
tradeoff to lower pavement targets to reallocate funds to improve bridge conditions.

Our gap analysis also identified two categories of gaps that increase risk and could impede our
LCP. One category is the significant number of scour-critical bridges. The other is our lack of a
culvert inventory. Both put us at risk of extreme weather events and reduce the resilience of our
highway network. Bridges and roadways could fail prematurely during extreme weather events if
bridges are scour prone or culverts are in poor condition. Such early failures shorten the lifecycle
of assets and close roadways during emergencies. Our gap analysis considers how those two
categories of gaps could impede our LCP and lower our transportation system’s resilience during
extreme weather events.’

The Current and Forecasted Gaps

Table 1 shows the current conditions, while Table 2 shows the forecasted conditions, targets, and
in some cases gaps. Each State establishes its own SOGR.8 Our agency defined the SOGR as our
10-year targets. For the TAMP, our agency adopted targets based upon the Federal bridge and
pavement performance measures, which are the percent good and poor for Interstate pavements,
non-Interstate NHS pavements, and NHS bridges.® Our agency uses additional targets for
selecting projects.

Table 1. Conditions as of 2022.

2022's Current Conditions Good% Poor %
Interstate Pavement 53.2 0.4
Non-Interstate NHS Pavement 36 9
NHS Bridges 27 10.1

In Table 2, targets are in rows A and B. Forecasted conditions are in rows C and D. Gaps, if any,
are in rows E and F. Positive values in rows E and F reflect conditions that are better than
targets. Negative values indicate conditions are forecast to be worse than the targets.

Table 2 shows that targets for good pavement decline gradually over 10 years. That is because
investment levels are not forecast to be adequate to sustain the Interstate and non-Interstate NHS
pavements in their current condition. The declining targets were set because of the gap analysis
process being coordinated with the target-setting, lifecycle, and investment strategy analysis.
After evaluating several investment strategies and target levels, the Department determined that a
gradual decrease in the amount of good Interstate pavement and increase in poor pavement was
unavoidable if sufficient funds were to be allocated to achieve the bridge condition targets.
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Table 2. National Highway System (NHS) conditions, forecasts, and gaps.

J ‘ Interstate Pavement Non-Interstate NHS Pavement NHS Bridges

Targets % Targets % Targets %
Rows 2-Year | 4-Year | 10-Year | 2-Year 4-Year 10-Year | 2-Year | 4-Year | 10-Year
A | Good 54 53 51 36 34 32 30 32 35
B | Poor 2 2 2 10 11 14 9.9 8.5 5
Forecasts % Forecasts % Forecasts %
C | Good 53 52 50 36 35 33 28 30 35
D | Poor 0.4 0.6 1.5 9 10 12 9 8 5
Gaps % Gaps % Gaps %
Good -1 -1 -1 0 1 1 -2 -2 0
Poor 1.6 1.4 0.5 1 1 2 0.9 0.5 0

As seen in Table 2, 2-year, 4-year, and 10-year Interstate forecasted pavement conditions for
poor pavements are better than the targets. They are also much better than the 5-percent poor
Interstate pavement set as a national maximum allowable level.'® However, the NHS bridge
conditions at the 2-year mark are only 0.1 percent below the 10-percent allowable maximum for
poor condition bridges.!

The lower pavement targets reflect the investment tradeoff necessitated to reluctantly allow
pavement conditions to decline to improve the poor bridge conditions. As can be seen by
comparing current Interstate pavement conditions to the targets in row B, the target for percent
poor was set lower than current conditions. Also, as seen in row E, the percentage of good
Interstate pavements is slightly below target. The lack of gaps in poor Interstate and non-
Interstate NHS pavements is the result of lowering targets. Although gaps are minimized, the
pavement network changes reflect a slight overall decline. The amount of good pavement
slightly declines, and the amount of poor pavement slightly increases.

In contrast, NHS bridge conditions improve, and the gaps decrease between forecasted
conditions and targets. As seen in Table 3, the current percentage poor NHS bridge area was
10.1 percent. Not only was that worse than the 10-percent poor allowable maximum, but it was
also one of the worst overall condition levels nationally. The historically poor NHS bridge
conditions led to the increased bridge investments and the tradeoff to allow pavement conditions
to slightly decline.

In addition to Interstate pavements, non-Interstate NHS pavements, and NHS bridges, the TAMP
also includes all other State-owned pavements and bridges. The forecasted conditions, targets,
and gaps for the non-NHS pavements and bridges are shown in Table 3. The table shows that the
non-NHS pavement condition targets were lowered, and bridge targets and conditions raised.

As with the NHS pavements, the agency forecasts a steady decline in non-NHS pavement
conditions over the 10-year period as seen in Table 3. This, again, reflects the tradeoff made to
increase bridge investments. The non-NHS pavement gaps are 0 because targets were steadily
reduced. At the same time, the non-NHS bridge conditions improve but to a lesser amount than
for the NHS bridges.
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Table 3. Non-National Highway System (NHS) pavement and bridge targets, conditions.

‘ Non-NHS Pavement Non-NHS Bridges

Targets % Targets %
Rows 2-Year | 4-Year 10-Year 2-Year | 4-Year 10-Year
A | Good 40 39 37 40 42 44
B | Poor 15 16 18 11 10 8
Forecasts % Forecasts %
C | Good 40 39 37 40 42 44
D | Poor 15 16 18 11 10 8
Gaps % Gaps %
E | Good 0 0 0 0 0 0
F Poor 0 0 0 0 0 0

In summary, although pavement targets were lowered, the reduced targets reflect the “best
available” option given the agency’s limited finances and its acute need to improve bridge
conditions. The tradeoff allows improvement in bridge conditions while pavements remain close
to the national condition averages.

Although the agency lowered its targets and eliminated most gaps between targets and
conditions, it would have preferred to sustain its 2022 pavement conditions. Figure 23 illustrates
the annual financial gap between the inflation-adjusted pavement allocation and the
inflation-adjusted investment needed if 2022 conditions were sustained. The financial gap is the
difference between the inflation-adjusted need and the inflation-adjusted budget. The investment
gap begins at $15.5 million and rises to $248.2 million by 2032. The 2022 need to maintain
pavements in current condition is $245 million compared to the budget of $229.5. Then, a
3.5-percent inflation rate is applied. The fixed budget is reduced each year by the inflation rate as
shown in the Inflation-Adjusted Budget line. By 2032, the purchasing power in current dollars
for the $230 million pavement allocation is $160.71 million.

Needed Pavement Investment Compared to Allocation
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Figure 23. Graph. The financial gap between the inflation-adjusted pavement budgets and
the amount needed to sustain 2022 conditions through 2031.
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The financial need to sustain current conditions is increased by the inflation rate plus the cost to
offset the accumulating backlog of poor pavements and the declining number of good
pavements. The agency includes this financial gap information to indicate that if revenues exceed
forecasts, increases in the pavement budget would be a highly ranked priority for those
additional funds.

Figure 24 and Figure 25 show the gap between the desired percentage of good and poor
Interstate pavement and the percentage that will be achieved with the new, lower targets.
Although the Interstate conditions will remain well above national minimum conditions, they
will be slightly lower than what highway users experience today. In Figure 24 and Figure 25, the
lines with squares show forecasted conditions. The solid black lines show the desired condition
levels, which are better than the targets our agency had to accept.

Forecasted 'Good' Interstate Pavement
vs. Desired Conditions
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Figure 24. Graph. Forecasted compared to desired good Interstate pavement conditions.
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vs. Desired Conditions
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Figure 25. Graph. Forecasted compared to desired poor Interstate pavement conditions.
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In contrast to the slight reduction tolerated for pavement conditions, the increased investment in
bridges will improve bridge conditions and prevent an even larger investment backlog that was
forecast to occur between 2022 and 2032. Figure 26 shows in the solid line what was the
previously anticipated bridge budget. It was to start in 2022 at $240 million and rise by 2 percent
per year to $293 million by 2032. However, that level of investment would have created an
annual investment backlog. That backlog ranged annually from $129 million annually to $208
million. The variation in needed investment reflects the need to pay for specific major bridges as
their plans were completed. Such under-investment would have led to decreased bridge
conditions and an ever-growing investment backlog. The updated TAMP budget will achieve the
condition targets, eliminate the backlog, and allow our agency to sustain the improved conditions
beyond the 10 years of the TAMP.

Comparison of TAMP Bridge Budget Compared to Previous
Planned Bridge Budget
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Figure 26. Graph. Comparison of the pre-TAMP bridge budget, the new TAMP bridge
budget, and the investment gap closed by the TAMP bridge budget.

The 2023-2032 bridge investment strategies substantially increase bridge investment and are
anticipated by 2032 to achieve the NHS bridge condition target of no more than 5 percent of the
NHS bridges in poor condition as measured by bridge area. Figure 27 illustrates the steady
improvement in the percentage of NHS bridge area in good condition forecast by these
investment strategies. Figure 28 shows the steady decrease in the amount of NHS bridge area in
poor condition forecasted to occur because of these investment strategies.
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Forecasted "Good" NHS Bridge Condition Vs. Desired
Conditions
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Figure 27. Graph. This chart shows how the percentage of good National Highway System
(NHS) bridge area is forecast to steadily increase under the new investment strategy.

Forecasted Poor NHS Bridge Conditions vs. Desired
Conditions
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Figure 28. Graph. This graph shows how the percentage of poor National Highway System
(NHS) bridge area is forecasted to decline under the new investment strategy.
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Identifying Condition Gaps Affecting Performance-Based Plans

Table 2 summarized the gaps between the forecasted bridge and pavement conditions and the
bridge and pavement targets that relate to the Federal performance measures. Those measures are
set in Federal regulation.'? In addition to analyzing those condition gaps, the agency also
analyzed if any condition gaps affect performance in other areas such as safety, freight
movement, and resilience or extreme weather as seen in Figure 29. The TAMP is influenced by,
and influences, other transportation plans and performance programs.

Linking Our TAMP to Our Performance-Based
Plans and Programs

PERFORMANCE-BASED
PLANS

LRSTP, MTPs, SHSP, Fregght

Plan, Congestion Strategies

and others

L

TAMP
What myestment

strategies should we

mplement aver the next

10 years?

Programming
What projects should
be funded?

1- 5 years

LRSTP = long-range statewide transportation plan; MTP = metropolitan transportation plan; SHSP = Strategic
Highway Safety Plan.

Figure 29. Graph. The Transportation Asset Management Plan (TAMP) in the planning,
programming, and performance process.

To identify condition gaps that could influence our transportation system performance, we took
two steps. First, the subject matter experts who developed the TAMP reviewed all our
performance-based plans and programs. These include the:

e Statewide Long-Range Transportation Plan
e The MTPs

e The SHSP:
o Highway Safety Improve Program projects and activities deriving from the SHSP

e The State Freight Plan
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e The metropolitan Congestion Management Processes and CMAQ Traffic Congestion
Strategies

e The Truck Travel Time Reliability strategies
e The State Resilience Plan

We also invited stakeholders from those plans and programs to workshops to help us identify
gaps in bridge and pavement conditions that could influence their performance plans. We looked
for opportunities to link our TAMP to the performance-based planning and programming process
as shown in Figure 29.

Pavement Conditions and Safety

When viewed narrowly, no safety performance gaps were found that were attributable to the
gaps in pavement conditions. For example, asphalt pavement conditions are assessed by a
pavement’s condition as measured by the IRI, cracking, and rutting. Concrete pavements are
measured by IRI, cracking, and faulting. Our agency’s SHSP identified no link between elevated
crash rates and IRI, rutting, cracking, or faulting. Such a correlation may exist, but it does not
appear in our highway crash analyses. Rutting is managed, in part, because it can contribute to
crashes. Ruts can retain water that reduce friction, contribute to hydroplaning, and can be a crash
factor. However, our SHSP analysis process has not identified rutting as a safety emphasis area.

When viewed more broadly, our agency has identified correlations between some pavement
conditions and crash rates. Those conditions related to pavement friction and shoulder adequacy.
Although friction and shoulder deficiencies are not captured in the national pavement
performance measures, our agency analyzes them to determine if they contribute to higher crash
rates. The agency’s friction management process assesses high-risk locations annually. These
assessments occur at horizontal curves, intersections, areas of high pedestrian traffic, and any
location identified as a high-crash area.

The pavement inventory includes data on shoulder width. When roadway departure crashes are
analyzed, the width and condition of shoulders are examined to determine if they may be a
contributing factor.

Based upon the correlation found between shoulder conditions, friction, and crashes, the agency
determined that a pavement performance gap exists between those condition elements and the
desired pavement performance. At some locations in the State, either higher friction values or
improved shoulder conditions were determined to be a needed safety counter measure. The
pavement program will give treatment priority to these sites requiring enhanced shoulders,
improved friction, or other pavement-related safety measures. Applying this priority could result
in fewer funds available for sustaining pavement conditions as measured by IRI, rutting, faulting,
or cracking. However, we prioritize safety even if it could, in the short term, reduce funding to
sustain the pavement condition targets. If the safety program requires additional pavement
funding, the pavement program will evaluate if pavement condition targets need to be lowered
yet again to achieve the safety targets.

75



Fictional TAMP Risk Management Analysis

Therefore, the pavement program will coordinate with the safety program to measure and
address, if warranted, pavement friction at sites including:

Areas of high pedestrian traffic such as NHS and State routes in residential
neighborhoods or areas with high pedestrian traffic

Mid-block crosswalks and school crossing zones
Signalized intersections with elevated crash rates
Safe Routes to School sites

Horizontal curves, particularly if identified by the HRRRs Program

Shoulders will be improved if they are determined to be a contributing crash factor particularly
to rural crashes.

Through the cross-functional TAMP Development Team, the agency’s safety program and the
pavement program will regularly coordinate analysis of crash data and seek correlations to
pavement conditions. To the extent practical, both programs will coordinate on countermeasures
where pavement friction or improved shoulders could be crash reduction factors (CRF).

Bridge Conditions and Freight Mobility
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Another area where asset condition and transportation

Major Bridge Number system performance overlap relates to the State’s
and Deck Area bridges and future freight volumes. Presently, 104
50.0% bridges have load limits of which 29 are on the NHS.
45.0% Those limits occasionally lead to longer routes for

“super loads,” which are prohibited on those structures.
The TAMP investment strategies lead to improvement
in our bridges and supports the goal of the State Freight
Plan for the NHS routes to accommodate permitted

15.0% super loads which generally are non-divisible loads
10.0% greater than 80,000 pounds.

>0% Another area of long-term concern includes the subset
0.0% =

Percent of All Area of La of Major Bridges. These are bridges that the agency
C of All Area of Large . . -
Bridges Bridges defines as structures that are more than five times larger

than the average State bridge. Out of the inventory of

Figure 30. Graph. The major 759 NHS structures, 22 are Major Bridges and have

bridges are only 2.9 percent of all

National Highway System (NHS)
bridge area, although they comprise
44.1 percent of all NHS bridge deck

more than 9,000 square meters of deck area. Although
they are only 2.9 percent of the number of NHS
structures, they are 44.1 percent of all the NHS bridge
deck area (Figure 30). They are in slightly worse
condition than NHS bridges statewide. Of the 22, 4 are

area.

already poor and 10 are rated 5, or “low-fair” in the 0-9 bridge rating scale. If these bridges
deteriorate to poor condition, they may be load-limited which could lead to long detours for
Super Loads. Those load limits would frustrate one of our State Freight Plan objectives.
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The bridge staff and the state freight planning staff will incorporate in the next TAMP and State
Freight Plan a long-term strategy for ensuring that the State’s NHS bridges remain in good repair
and capable of handling future super load demands. The bridge staff will develop a 20-year
strategy to ensure that the number of load-limited structures does not impede freight mobility,
and that plans are in place to keep the Major Bridges at least in fair condition and able to
accommodate super loads. We rate bridges as fair if they are in condition state 5 or 6 based upon
the National Bridge Inspection Standards (NBIS). The NBIS rates bridges on a 0-9 scale. Those
rated 7-9 are good, 5-6 are fair, and 4 or below are poor.

The bridge staff and freight planning staff will coordinate on how to invest the more than

$1 billion in Major Bridge funds that are described below in the Investment Strategies section.
Our agency substantially increased funding to rehabilitate, reconstruct, or replace the Major
Bridges that are in poor condition or could become poor in the next decade. Part of those funds
also will be invested in maintenance and preservation to keep the Major Bridges that are in good
or fair condition from deteriorating.

Investments in the Major Bridges could also assist with our performance for the Freight
Reliability Index, also known as the Truck Travel Time Reliability Index. Three of the Major
Bridges are on our one Interstate corridor that is included on the FHWA’s list of the top 100
Freight Bottlenecks.™® As our bridge staff and freight staff coordinate on improvements to these
bridges, the structures’ need for improved ramps or additional lanes will be considered to support
our Freight Reliability performance.

Preparing for Future Demand

Our agency predicts that truck freight volumes will increase annually by between 1.5 and

2 percent. That growing demand will increase the impact caused by trucks on our bridges,
pavements, and upon our traffic congestion. Trucks create impacts disproportionate to their
numbers. For example, the Highway Capacity Manual estimates that on urban freeways, large
trucks create the equivalent congestion of between 2 and 4 automobiles. On two-lane roads with
rolling terrain, the impact is even greater. Our pavement and bridge management systems
condition forecasts in Figure 24 through Figure 28 anticipate this truck growth. The growth in
truck freight was another factor in influencing our forecasts of future bridge investment needs.

The rate at which truck volumes increase remains an uncertainty that could affect our
assumptions about pavement and bridge conditions, as well as traffic congestion. If truck
volumes increase considerably, particularly in areas of rolling terrain or near congested
interchanges, our assumptions about investment needs and congestion levels may have to be
updated.

Asset Conditions and Resilience

The TAMP Development Team in reviewing agency strategic objectives and asset conditions
identified three areas of concern where asset conditions may affect the transportation system’s
resiliency. Those three areas are:

e Pavement sections subject to storm surge and sea-level rise
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e Scour-critical bridges
e Culverts lacking accurate inventory and condition data

Our DOT conducted an FHWA-sponsored resilience pilot study that identified no roadway
sections threatened by sea level inundation within the 10 years of the TAMP. If sea levels rise as
predicted, within 50 years, then up to 25 miles of coastal roadways will face frequent inundation.
However, already, slightly more than 12 miles of coastal roadways are threatened by storm
surges during hurricanes. Those represent a gap in two areas. First, their closure temporarily
impedes evacuation and emergency assistance. Second, pavements in those sections may
prematurely deteriorate from inundation. Research repeatedly has shown that saturated pavement
bases can lead to accelerated deterioration.**1°

To address these gaps, the pavement staff will consider additional mitigation to those
storm-surge-prone sections when they are next scheduled for treatment. Additional treatments
could include enhanced drainage structures, elevation of the lowest sections, and enhanced
pavement designs to compensate for the saturated roadway bases.

The TAMP Development Team also identified 40 NHS structures with a scour rating of 3. That
rating is defined as scour critical with foundations unstable for calculated scour conditions.*® To
address this long-term performance gap, the bridge staff will factor the scour critical rating of
structures into the project-selection criteria. The bridge program funding has increased, and the
additional resources are expected to not only improve overall conditions but also reduce the
number of scour-critical structures.

The final gap related to asset conditions and resilience is with the State’s incomplete culvert
inventory. The current gap relates to information. Without complete inventory and inspection
data, the agency is not able to determine whether culverts present a resilience gap to pavements
and to mobility during storm emergencies. If culverts are in poor condition, they could be at risk
of failing during storm events. They can also impede good drainage that could accelerate
pavement deterioration. Also, the agency would like to include culverts in the next TAMP but
cannot do so without knowing their number, age, condition, and size. As part of the TAMP’s
bridge investment strategy, funds are included to complete and maintain an inventory of all
State-managed culverts. For the next TAMP, the degree to which culverts present a resilience
threat can be determined.

Performance Gap Analysis Summary

The investment strategies that will be discussed in a later section will reduce the agency’s current
bridge condition gaps. The percentage of poor condition NHS bridges will be reduced by
approximately 50 percent. Closing that gap represents a major improvement in bridge conditions.
It also allows the DOT to achieve its target of no more than 5 percent poor for NHS bridge
conditions by deck area. This will be better than the maximum amount of 10 percent poor set in
Federal regulation.t’

However, the cost of those long-delayed bridge investments requires tradeoffs. As a result, the
agency has set lower pavement targets. Although few pavement condition gaps are shown in this
section, that is because the agency has lowered the targets to realistically reflect what can be
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achieved with available resources. These new lower targets tell the public what pavement
conditions they can expect, and they give the agency a benchmark to achieve. Although the
pavement conditions and targets have been lowered, the conditions are still near national
averages and better than the Federal allowable minimum conditions.*®

Although the agency is forecasting to meet the official pavement targets, this TAMP emphasizes
that if funds allowed, the DOT would retain the higher current conditions as the 10-year target. If
resources exceed the revenue forecasts, investing more to achieve higher pavement conditions
will be a priority consideration. Our TAMP is one means by which we are communicating to
legislators and the public that they will experience slightly declining pavement conditions
without additional revenues. We want the TAMP to be a realistic document that accurately
communicates the realities facing our State’s transportation network.
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APPENDIX C. MANAGING RISKS TO TAMP OBJECTIVES
Risk Chapter Background

The FHWA report “How Pavement and Bridge Conditions Affect Transportation System
Performance” illustrates how assets in good condition can support progress toward multiple
transportation objectives. This document presents a risk chapter as if it were developed by a
fictional State DOT that identifies condition risks that could affect performance. This example is
intended to convey how this fictional DOT managed risks to its TAMP objectives. This chapter
includes two major elements. First, it identifies, assesses, and describes the agency’s response to
the risks facing its asset management objectives. Second, it illustrates how an agency could use
FHWA risk guidance to manage its asset management risks.

Risk Management Analysis

As noted in the FHWA definition, risk is more than only threats. Risk means the positive or
negative effects of uncertainty or variability upon agency objectives.! Our TAMP uses “threats”
to indicate the negative effect of uncertainty or variability and “opportunity” to refer to their
potentially positive effects.

Although threats, such as sea level rise and extreme weather, are risks, so are other uncertainties
that could affect our agency’s asset management objectives. A few examples include
higher-than-expected construction cost inflation that prohibits us from affording all the needed
bridge and pavement projects, or a risk could be inaccurate forecasts from our bridge and
pavement management systems. An inaccurate forecast could cause the agency to overestimate
or underestimate the funds needed to sustain assets in good condition. A third example could be
an unexpected increase in the rate of deterioration in some of the older bridges and pavement
sections. That could cause us to reallocate resources to arrest unexpected condition declines.
Some risks could be opportunities. Some new materials and processes may be unproven but
could lower costs and improve asset performance, or inflation could be less than forecasted. Our
agency generally tries to mitigate threats and capitalize on opportunities.

The approach used in our TAMP to manage asset risks is based upon FHWA guidance entitled
Incorporating Risk Management into TAMPs.2 This chapter generally follows the steps
suggested in that guidance.

Organizing the Risk Team

The agency formed a diverse risk management team to develop the risk analysis and response
strategies. Because risk can come in many forms and directions, the approach we used was to
have a diverse team to anticipate the numerous risks that could face the TAMP objectives.
Delivering the investment strategies required relying on multiple groups from within and outside
of our agency. Some events such as Federal consideration of a new environmental regulation
could affect the project-delivery schedule. International steel and oil markets affect costs. A
more rapid-than-expected rise in sea levels could accelerate the State’s coastal impacts. New
innovations in chip seals could provide more low-cost pavement-treatment opportunities. To
address these challenges, our agency wanted to gather multiple perspectives.
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Among the risk team members were staff from:

Pavement management Bridge management Asset management
Information technology Maintenance District leadership
Environmental services Statewide planning Metropolitan planning
Safety Estimating Freight planning
Materials Risk management Finance

Reviewing Objectives and Their Context

One of the early steps taken was for a risk-management team facilitator to start the first in a
series of risk workshops by reviewing the asset management objectives and the context around
them. The risk team members were reminded of the agency’s two relevant objectives to:

e Manage the assets with lifecycle strategies to lower costs and improve long-term asset
conditions

e Manage the assets so they contribute to safety, mobility, resilience, sustainability, and
environmental justice as well as to achieve condition targets and sustain an SOGR

Important context around the risk identification effort included providing an overview of high-
level strategic issues facing the agency.

The first strategic issue was poor NHS bridge conditions. Figure 31 shows that, although the
percentage of poor NHS bridge area has declined, it still exceeds the DOT’s target of no more
than 5 percent poor bridge deck area. In addition, the agency has not achieved its target of 25
percent good bridge deck area. Therefore, achieving the bridge condition targets is a major goal,
and events that could impede their achievement could be significant risks. As will be elaborated
upon, risks that could impede achieving our bridge condition targets include unexpectedly high
construction inflation, increased storm events that damage bridges, or failure to deliver the
needed bridge-improvement projects.

The second strategic issue related to the NHS bridge conditions is the disproportionately
significant impact on the bridge conditions caused by the State’s largest structures. Out of the
759 NHS structures, the 22 largest comprise 44.1 percent of all NHS bridges by deck area. Those
bridges are only 2.9 percent of the total NHS bridge inventory, but they present a
disproportionate risk to the bridge budget, bridge conditions, and resilience. In simple terms, if
we do not improve and sustain those Major Bridges, it is mathematically impossible to achieve
our statewide bridge condition targets. These Major Bridges are not just disproportionately large,
they are disproportionately expensive, disproportionately complex to repair, and have
disproportionate impacts on our freight and mobility objectives.
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NHS Bridge Condition Trends
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Figure 31. Chart. Trend line of past National Highway System (NHS) bridge conditions.

These Major Bridges are below average compared to statewide bridge conditions. The average
NHS bridge condition statewide is 5.82 on the 0-9 NBI rating system. For the 22 Major Bridges,
the average NBI condition rating is 5.27. The Major Bridges’ condition contributes
disproportionately to our overall poor bridge conditions. Four of the 22 are already poor and
represent 47 percent of all the poor bridge area on our State highway system.

The Major Bridges also represent a disproportionate resilience risk. Table 4 of the 22 Major
Bridges illustrates the number of scour critical structures. They include 5 with a low scour rating
of 3 and another 5 with scour ratings of 5. A rating of 3 indicates the bridge is scour critical and
determined to be unstable for calculated scour conditions. ® Even with a low scour rating, a
bridge can be rated higher than poor. The “lowest rating” is based only on the condition of the
deck, superstructure, and substructure.*®

A rating of 5 indicates foundations are determined to be stable for assessed or calculated scour
condition. However, it is one condition level way from 4 which indicates that action is required
to protect exposed foundations. Table 4 illustrates the number of scour critical structures. It also
illustrates that only six of the largest bridges have any components rated 7 or above, which is
good. Although only four currently are poor, the overall condition of these large bridges could
present a long-term risk to the condition targets and budgets.

The third strategic issue is pedestrian and bicycle safety and ensuring that each bridge project
includes pedestrian walkways and bike lanes where warranted. Based on the agency’s safety
objectives, the agency leadership has instructed every unit in the DOT to take steps to reduce the
high number of pedestrian and bicycle fatalities. The State’s overall highway fatality rate has
fallen from 1.24 per 100 million miles travelled in 1994 to 1.02 by 2019. However, the number
of pedestrian and bicycle fatalities has not fallen commensurately. The most recent 5-year
average number of pedestrian and bicycle fatalities remains about 42 deaths per year,
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disproportionately high among the young, the elderly, and people in environmental justice
communities. One of the strategic initiatives is to combine efforts across the department to lower
the pedestrian crash numbers.

Table 4. These are the 22 major bridges and their condition. Components in poor condition
or if a structure is scour critical are flagged with black cells.

Scour Average Lowest
Structure | Bridge Area Deck Super Sub . DETIY, Condition .
Rating . Rating
Traffic
001 58,902 6 5 5 5 58,206 F 5
002 58,244 6 5 6 5 60,673 F 5
003 56,569 5 5 6 8 24,012 F 5
004 54,991 6 6 5 8 157,934 F 5
005 50,651 6 6 6 36,410 F 6
006 43,343 6 6 5 8 129,187 F 5
007 30,337 6 6 5 N 128,795 F 5
008 25,677 7 7 7 8 17,677 G 7
009 21,040 5 3 : BE 19,479 P 4
010 19,814 7 7 7 5 48,000 G 7
011 19,713 6 6 6 8 82,969 F 6
012 19,164 7 7 7 5 184,030 G 7
013 19,044 5 5 6 8 127,595 F 5
014 18,869 6 3 3 3 9,480 P 3
015 16,960 7 6 6 | 8 | 4220 F 6
016 14,363 6 6 6 3 20,816 F 6
017 13,521 6 T <« BE 88,550 p 4
018 12,232 6 5 6 8 61,724 F 5
019 12,196 4 5 5 5 206,049 p 4
020 11,103 7 7 6 89,100 F 6
021 9,951 7 6 5 N 53,251 F 5
022 9,225 6 6 5 N 53,251 F 5

Cells that are highlighted indicate components that are poor or bridges that are scour critical.

A fourth issue important to the DOT’s risk context is construction inflation. In the 12 months
preceding the TAMP, construction inflation rose at more than twice the expected rate of

3 percent a year. Price hikes were attributed to material and labor shortages and abruptly
increasing demand after the pandemic.

Figure 32, Figure 33, and Figure 34 illustrate the price volatility seen in the months leading up to
the TAMP update. National prices for steel, diesel, and other construction materials rose sharply
in the preceding 12 months.
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An uncertainty for the TAMP is whether over its 10-year period, prices will regress to the mean
of the long-term average inflation or whether the high prices seen at the time of the TAMP
update represent a new plateau of prices.

Figure 32, Figure 33, and Figure 34 each show the cost trends and a linear regression line with an
R2 value. The R2 calculates how closely the straight line resembles changes over time. A perfect
correlation between the line and prices would produce an R2 value of 1.0. The regression line
(R?) for construction materials captured 65.41 percent of the past price volatility. The R2 value
of the regression line for steel captures only 37.51 percent of the past price volatility. The R?
value of 0.1915 for diesel prices indicates that a straight-line forecast would have captured only
19.15 percent of the past price volatility. In other words, the typical straight-line forecast of price
increases could underestimate the variability in future prices and represent a risk to our
investment strategies.
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Figure 32. Chart. Change in construction materials price index.

Values in Figure 32 and Figure 33 are in dollars and are depicted as indexes. An index represents
a “market basket” of goods that show price changes over time. Figure 32’s construction price
index was shown starting in 2009 with a base value of $189.40. Changes in prices can be
compared with their change from that base amount in 2009. The steel price index is shown from
January 1, 2002, starting from a base index value of $98.30. Changes in prices over time can be
compared relative to that base price.
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20-Year Steel Price Index
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Figure 33. Chart. Change in steel producer price index.
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Figure 34. Chart. Change in diesel prices.

The three charts and the agency’s recent bid-price history indicate that substantial uncertainty
surrounds the unit costs assumed in the investment strategies. That uncertainty represents what

could be a threat to the construction program.

A fifth issue is resilience. Climate change is both a risk and an accelerator of other risks, such as
increased flooding, higher temperatures, and greater coastal erosion, which can translate into
increased risk to the SOGR to pavements and bridges. Our agency is an active member of the
State Resilience Task Force and contributor to the State’s Resilience Plan. Our TAMP’s response
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to risks caused by higher sea levels and more extreme weather represents our department’s
contribution to the State Resilience Plan.

The Risk Identification Process

After reviewing the strategic objectives and the major context issues, a facilitator led the
agency’s workshop participants through a risk identification process. This involved working in
small groups to hear from each participant. Exercises were included to ensure that participants
got to express their opinions and to minimize “group think.” Group think is when members get
steered into an apparent consensus through the advocacy of one or two assertive participants.

The group wrote risk statements with a subject, verb, and object. The detail provided by such
statements facilitated the later assessment, prioritization, and response to the risks. The risk
register includes the risk statements members produced.

The Risk Assessment Process

After refining their risk statements, members assessed the likelihood and consequence of each
risk using the risk matrix in Figure 35. Members expressed their own judgment about the
likelihood and consequence of each risk. Negotiation and compromise were sometimes needed
for the group to agree on the final likelihood and consequence value for a risk.

Risk Consequence Matrix
Values L X I = Consequence

b Almost Certain 5 5 50 200 350
2 | Probable 4 4 40 160 280
¢ | Possible 3 3 30 120 | 210
= | Rare 2 2 20 80 140
Exceptionally Rare 1 1 10 40 70

Values
1 10 40 70

Low | Moderate | High | Severe
Impact

Figure 35. Chart. A likelihood and impact matrix.

The risk matrix is designed to help separate high-impact immediate risks from others, such as
high-impact low likelihood ones. The use of numeric impact and likelihood values is intended to
help differentiate high risks from low ones. The risk register includes the assessment values that
were computed.

The agency’s risk assessment process emphasized the identification of opportunities, as well as
threats. The nonregulatory AASHTO Guide for Enterprise Risk Management states that risks
include uncertainty, variability, threats, and opportunities. The AASHTO Guide states that few
opportunities exist without taking some risk. An example of an opportunity is trying new
construction materials. However, this opportunity comes with a risk of higher costs or
uncertainty about how the materials will perform over time.
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In Table 5 and Table 6 are the threats and opportunities the risk management team identified.

Table 5. Threats risk register.

Threats Risk Register

No. | Event Impact Likelihood Consequence | Value
...create uncertainty
Rising and about whether pavement
R1 unpredlct_able an_d bridge allocations Almo_st High 200
construction will be adequate to Certain
prices... achieve condition
targets.
Poor-condition ...remain a hazard to the
o\ ’ - Almost i
R2 | scour-critical Ion_g_ term safety and . High 200
. resilience of the Certain
bridges... .
transportation network.
...could lead to repeated
Continued poor water quality violations, Almost
R3 | drainage increase localized Certain High 200
conditions... flooding, and damaged
pavements.
The increase in the ...could lead to fewer
size of our bidders per project,
construction increased competition
R4 | program without an | for materials, and lead to Possible High 120
increase in our higher bid prices that
State’s construction | reduce the effect of
industry capacity... | investment strategies.
...threaten the resilience
of our transportation
Rising sea levels, network, disruption to
R5 storm surges, and planned bridge and Possible High 120
hurricane pavement programs, and
probabilities... an increased rate of
bridge and pavement
deterioration.
Declining pavement ...threaten achlevgn_lent
conditions could of pavement-condition _ _
R6 . targets and could Possible High 120
lower skid values .
impede plans to reduce
and... . .
pedestrian fatalities.
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Threats Risk Register

No. | Event Impact Likelihood Consequence | Value
... could reduce the
department’s ability to
Loss of key staff manage bridge and
R7 | with unique asset pavement management Probable Moderate | 40
management skills... | systems and conduct
lifecycle planning
(LCP).
... could cause major '
Rg | A major seismic damage to bridges, Exceptionally |\ 1o ie | 40
event ... pavements, roadways, Rare
and other assets.
... could strain the
More than 900 lane | pavement budget,
R9 miles of 40-year-old | deteriorate rapidly, and Probable Moderate | 40
concrete Interstate cause the department to
pavement ... not meet our pavement-
condition targets.
...could lead to
Decreasing political | legislative redirection of
R10 | support for asset funds and inability to Possible Moderate | 30
management... afford the investment
strategies.
Uncertalpty a.b out ... could lead to under
the deterioration or over-estimation of
R11 | curves in the new L Possible Moderate | 30
. our bridge investment
bridge management
needs.
system...
. ... their continued
I our bridge deterioration could
R12 | conditions are not : Possible Moderate | 30
improved evgntually_ |mp_ede our
P freight reliability.
...pavement conditions
If pavement- . .
. will decline more than
preservation expected and costs to
R13 | treatments are not P o Possible Moderate | 30
. achieve condition targets
effectively
implemented could exceed the
P v pavement budgets.
...could lead to not
. identifying failing
R14 ﬁﬂngftoirr?\?eliir culverts that could Possible Moderate | 30
Yoo collapse, create hazards,
and lead to flooding.
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Table 6. Opportunities risk register

Opportunities Risk Register

No. | Event Impact Likelihood | Consequence | Value
...could identify
— economies of scale and
Coordination :
between pavement shared fupglmg . Almost .
R15 . .~ | opportunities to improve . High 200
bridge, and drainage . Certain
Foorams both asset conditions
prog and drainage
performance.
...could identify
opportunities for the
pavement program to
Coordination enhance pavement
between the friction, improve .
R16 pavement and safety | crosswalks and other Probable High 160
programs. .. important pedestrian-
safety features, and
reduce pedestrian
fatalities.
Coordination :
...could provide
between the .
low-cost opportunities to
pavement program enhance shoulders
R17 | and the High-Risk L ’ Probable High 160
friction at curves, and
Rural Roads )
other factors affecting
(HRRRS)
rural crash rates.
Program...
The bridge program ...to 1_dent1fy how the_
i planning and sequencing
and the freight of bridge projects on
R18 | program could ridge proj Possible High 120
. major freight routes
coordinate long-term | | |
needs could complement long-
term freight mobility.

The Threats Risk Register was produced during the workshop. It shows the six highest scoring
threats. Those generated a likelihood and impact value above 100. The top six selected will be

treated as enterprise threats that could seriously impede the asset management objectives.
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Those six are:

R1-Rising and unpredictable construction prices create uncertainty about whether the
pavement and bridge allocations will be adequate to achieve condition targets.

R2-Poor-condition, scour-critical bridges remain a hazard to the long-term safety and
resilience of the transportation network.

R3-Continued poor drainage conditions could lead to repeated water quality violations,
increase localized flooding, and damage pavements.

R4-The increase in the size of our construction program without an increase in our
State’s construction industry capacity could lead to fewer bidders per project, increased
competition for materials, and lead to higher bid prices that reduce the effect of
investment strategies.

R5-Rising sea levels, storm surges, and hurricane probabilities threaten the resilience of
the transportation network and disruption to planned bridge and pavement programs.

R6-Declining pavement conditions could lower skid values and threaten achievement of
pavement-condition targets and could impede plans to reduce pedestrian fatalities.

The workshop also produced four opportunities that were spurred by the agency’s objectives and
by the strategic initiative to reduce pedestrian crashes. Those opportunities are:

R15-Coordination between pavement, bridge, and drainage programs could identify
economies of scale and shared funding opportunities to improve both asset conditions and
drainage performance.

R16-Coordination between the pavement and safety programs could identify
opportunities for the pavement program to enhance pavement friction, improve
crosswalks and other important pedestrian-safety features, and reduce pedestrian
fatalities.

R17-Coordination between the pavement program and the HRRRs Program could
provide low-cost opportunities to enhance shoulders, friction at curves, and other factors
affecting rural crash rates.

R18-The bridge program and the freight program could coordinate long-term needs to
identify how the planning and sequencing of bridge projects on major freight routes could
complement long-term freight mobility.

The objective to manage assets not only for condition but also to support multiple performance
areas led the risk team members to identify opportunities for different programs to cooperate.
Those include the R15 opportunity to pool funds to achieve economies of scale between the
pavement, bridge, and drainage programs. Risk team members saw the lack of a drainage
inventory and deteriorating drainage conditions as a high risk to resilience and to compliance
with water quality standards. Workshop participants said poor drainage can accelerate pavement
deterioration, exacerbate flooding, delay emergency response, and contribute to crashes. Rather
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than treating drainage needs as a “silo,” the risk team members saw an opportunity for at least
three programs to coordinate to improve drainage.

The Risk Prioritization Process

The next step in the process is risk prioritization. This differs from risk assessment in that this
step prioritizes risks based upon an agency’s ability to respond to risks and its risk appetite.
Some risks, such as international oil price increases, cannot be prevented by an agency. The risk
response may involve monitoring and adjusting to prices but not preventing price increases. In
contrast, a risk such as inadequate asset data is within an agency’s control. Mitigating inadequate
data could have a high response priority because it is something that an agency can control and
manage.

In the risk prioritization process, the agency also considers its “risk appetite.” The risk appetite in
this case was a qualitative threshold based upon agency policy. For example, through policy, the
agency expressed no tolerance for increases in pedestrian crashes. Therefore, risk mitigation
strategies to reduce pedestrian crashes will be a priority. Similarly, the agency’s policy of
enhancing resilience led the agency to tolerate less risk for bridge scour. The risks chosen for
response strategies were ones that were highly rated and which the risk team believed our agency
could influence.

The prioritization led directly to the next step, identifying risk-response strategies.
Identifying Risk Response Strategies

Through another series of workshops, the risk team members identified risk-response strategies
(Table 7 and Table 8). The term “risk-response strategies” and not “mitigation” strategies is used
to mean strategies to address risks. The response to the risks is not always just to prevent or
mitigate them, but to also capitalize upon them. This document uses the term risk-response
because some of the risks were threats while some were opportunities.

Risks 1-6 are the top-priority risks and their response strategies will be “owned” by the senior
agency leadership. That consists of the executive management team that includes the agency’s
deputy directors. The appropriate subject-matter staff will “own” other risks.
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Table 7. Threats response strategies.

Response Strategies for Threats

No. | Threat Response
e Closely monitor bid prices
e Track forecasted price trends reported in national
Ris ] dictabl trade publications for key inputs such as steel,
ISIng and unpredictabie cement, and diesel
construption prices create e Prepare contingency plans for delaying projects or
R1 uncertainty about Whether reducing scope items
the pavement and bridge o )
allocations will be adequate | ® Consider if increased use of chip geals or low-cost
to achieve condition targets. pavement products could be substituted for
pavement resurfacings
¢ Analyze the long-term impact of delaying some
high-cost pavement reconstruction projects
. . e Continue close management of the bridge
Eﬁgggg?gg:ﬁg’asﬁgg;}gr![gcal project-develop_ment program to ensure that the
R2 | the long-term safety and programmed bridges are delivered as planned
resilience of the ¢ Maintain the stream monitoring and frequent
transportation network. inspection programs to ensure that storm events do
not increase scour risk
((::(;)nn(;[:?il(;icsj Egt(jlrddlr;ailgat%e e Continue funding and staffing the enhanced drainage
R3 rgpeat_ed water quality _ . [‘a"&tiname prfgr.?“ to0 bundl
violations, increase localized OOk Tor opportuntties to bundle - .
flooding, and damage dralnage-lmpr_ovement projects with bridge and
pavements. pavement projects
The increase in the size of
our construction program
without an increase in our
State’s construction industry |® Publicize the increased size of the expected
R4 cgpacity could !ead to fewer construction program in hopes of attracting
bidders per project, increased additional competition through new firms forming or
competition for materials, existing firms expanding
and lead to higher bid prices
that reduce the effect of
investment strategies.
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Response Strategies for Threats

No. | Threat Response
Rising sea levels, storm
surges, and hurricane e Complete the vulnerability analysis of roadways and
prIObab_'ll_'t'eS cofuld threaten bridges at risk of increased sea levels, storm surges
RS :rzaenrses(;rl'[Z?if)enone(t)\;Jvr()rk ¢ Incorporate the need to elevate some structures into
disrugtion to planned t;ridge the lifecycle plans for coastal structures
and pavement programs, and | ® Develop rapid-response plans to be able to restore
an increased rate of bridge service quickly if roadways or bridges are damaged
and pavement deterioration.
Eoerféz?ig\r?se:z\ael??g\tver skid | Prioritize skid-measurement and response at
values and threaten pedestrian-heavy locations
R6 | achievement of pavement- e Coordinate the pavement program, skid-
condition targets and could measurement programs, and pedestrian safety
impede plans to reduce program to ensure opportunities to enhance
pedestrian fatalities. pedestrian safety are found
Loss of key staff with unique N _ o
asset management skills e Conduct transition planning to identify when key
could reduce the agency’s staff may retire so that training can avoid abrupt loss
R7 | ability to manage bridge and of staff expertise
pavement management e Consider outside contract resources to augment key
systems and conduct skills
lifecycle planning (LCP).
¢ Continue the gradual seismic retrofit program to
) o enhance the vulnerable structures
A major s_els(rjmc ever;t iﬁmd ¢ Incorporate needed seismic resilience features in
R8 g??dsge?%g\r/er%r:rige 0 the new bridge designs
roadwa,ys and othe} assets ¢ Coordinate with emergency management staff to
' develop response plans in the event of a major
seismic event
More than 900 lane miles of
40-year-old concrete
l?:sirﬁtfﬁg p:\igmggi gatcjildet ¢ Be diligent about programming, designing, and
R9 deterioratgrapi dly, and gau,se delivering the multiple projects to replace or
the department to r’10t meet rehabilitate those at-risk pavements
our pavement-condition
targets.
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Response Strategies for Threats

No. | Threat Response
) N e Emphasize to legislators during budget testimony the
Decreasing political support long-term cost savings and condition improvement
}‘or daiselt malnzigemer(;t_ CO‘:,Id attributable to asset management programs
R10 o‘i‘afun%seSrllz ?r:;/l:?i Ir i‘iyl':gC o, Update the asset management brochure, website, and
afford the investment video to explain the benefits of asset management
strategies. e Put a dollar figure on the annualized savings from
asset management
Uncertainty about the
detenotatlon csr}ées in the e Continue comparing actual observed deterioration
R11 ?ngaer?;gersngz\t)vsy?tefrgne could rates to update the management system curves
lead to under or over- e Be prepared to revise bridge-condition forecasts as
estimation of bridge deterioration curves are enhanced
investment needs.
Lfo?lijrrn?)rric()j\?:dcﬁr?giirﬁons are | Diligently identify, plan, program, and deliver our
. P bridge program
R12 | continued deterioration g p g . .
eventually could impede our | * Apply lifecycle strategies to manage the bridge
freight reliability. program to improve conditions for the least cost
If the pavement-preservation
treatments are not effectively |4 Conduct refresher training for maintenance crews
|mp(;§tr_nented_,|{)3ve:pent about crack sealing and other preservation activities
R13 fr?:n :e)'(%r;i,:g/ ('j angcc:)nsisr?gre e Prioritize the delivery of preservation projects
achieve condition targets e Explore bundling multiple preservation projects to
could exceed pavement lower costs
budgets.
An incomplete culvert ¢ Allocate planning funds to complete the culvert
inventory could lead to the inventory
R14 | 29ency not identifying e Complete the management system module to
failing culverts that could monitor and forecast culvert conditions
collapse, create hazards, and | e Ensure culvert inspection and inventory updates are
lead to flooding. a priority for maintenance garages
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Response Strategies for Threats

No. | Threat Response

Coordination between e Formally instruct the pavement, bridge, and drainage

ga\{ement, bridge, and Id program staff to coordinate and look for shared
rainage programs cou opportunities

identify economies of scale

RIS | and shared funding e Conduct a kick-off workshop to spur coordination
opportunities to improve ¢ In the bridge, pavement, drainage programs, identify
both asset conditions and the specific projects that will incorporate multiple
drainage performance. treatments

Table 8. Opportunities response strategies.

Response Strategies for Opportunities

No. | Opportunity Response

Coordination between the
pavement and safety programs
could identify opportunities
for the pavement program to
R16 | enhance pavement friction,
improve crosswalks and other
important pedestrian-safety
features and reduce pedestrian
fatalities.

¢ Instruct the Highway Safety Improvement Program
(HSIP) staff and the pavement staff to develop joint
approaches to treat pavements and develop
crosswalks to enhance pedestrian safety

Coordination between the
pavement program and the
High-Risk Rural Roads
(HRRRs) Program could
R17 | provide low-cost
opportunities to enhance
shoulders, friction at curves,
and other factors affecting
rural crash rates.

¢ Instruct the HSIP staff and the pavement staff to
develop joint approaches to treat pavements to
support the crash-reduction strategies in the rural
safety programs
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Response Strategies for Opportunities

No. | Opportunity Response
_ ¢ Coordinate the development of bridge lifecycle plans
The bridge program and the and TAMP investment strategies with the State
freight program could Freight Plan

coordinate long-term needs to

identify how the planning and o |dentify the aging, high-volume bridges that are

sequencing of bridge projects important to bridge conditions, freight mobility, and

on major freight routes could overa_ll system rel_|§b|I|ty ]
complement long-term freight | ® Identify opportunities to ensure long-term freight
mobility. mobility is considered with bridge lifecycle

strategies

R18

Integrating Risk Management into Agency Operations

Progress on top priority risk-response strategies will be reviewed quarterly at the standing
executive leadership meetings.® Each year, the risk team will reconvene. They will:

e Review the agency context and identify major developments that could influence the
agency’s overall risk profile

e Update the risk register to respond to any economic, political, or policy changes that
could influence the department’s risks

e Update the risk-response strategies
e Inform the senior agency leadership of high priority risks and potential enterprise risks
Facilities Repeatedly Damaged by Emergency Events

A section of the asset management rule, known as Part 667, requires that TAMPs include a
summary of the evaluation of facilities repeatedly damaged by emergency events. The agency’s
evaluation of sites damaged more than once during emergency events since January 1, 1997,
identified 12 such locations. However, more than 150 different locations were damaged at least
once during officially declared emergency events since January 1, 1997.

To maintain an accurate list of sites relevant to the Part 667 rule, our agency developed a website
of all sites damaged during emergency events since January 1, 1997. The list of sites will be
updated after each officially declared emergency event. The updating will allow our agency to
identify if any sites beyond the initial 12 are damaged more than once.

When our agency plans to program a project, part of the programming protocol will be to check
whether the project is at a location that has been damaged more than once during an emergency.
If so, an analysis will be conducted prior to programming to determine how to mitigate, partially,
or fully resolve the root cause of the past site failures. The evaluations will consider the risk of
recurring damage, the cost of any long-term solution, and the likely success of the solution. The
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project scope will then include any cost-effective elements intended to avoid damage from future
emergency events.

The agency will continue monitoring damage during future emergency events. In addition,
pertinent locations that need to be addressed will be considered when developing projects during
the statewide and metropolitan planning processes.
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APPENDIX D. INVESTMENT STRATEGIES

The FHWA report How Pavement and Bridge Conditions Affect Transportation System
Performance illustrates how assets in good condition can support progress toward multiple
transportation objectives. This is an example TAMP section that illustrates how a fictional
agency could link its investment strategies! to both achieve asset condition targets, as well as
system performance effectiveness.

Introduction to a Fictional Investment Strategy Transportation Asset Management Plan Section

This TAMP section contains our department’s investment strategies. These strategies are
developed to implement the findings from the other TAMP analyses, such as the lifecycle plan,
gap analysis, financial plan, and risk assessment. These investment strategies are intended to
meet the department’s asset condition targets, support performance of the NHS, and make
progress toward the national goals, such as safety, infrastructure condition, congestion reduction,
freight movement, system reliability, and environmental sustainability.

The investment strategies for our department are:

e Investment Strategy 1-Invest on average $323 million annually in NHS bridges,
excluding Major Bridges, to achieve the department’s NHS bridge condition targets by
2032, to support long-term freight mobility, and to enhance resiliency by decreasing the
number of scour-critical structures. Major Bridges are defined in the risk analysis chapter
as structures that are five times larger than the average agency bridge.

e Investment Strategy 2—Invest approximately $105 million annually in the Major Bridge
program. The additional investment in the Major Bridges brings the condition of the
Major Bridges equal to the statewide NHS bridge condition and enhances long-term
freight mobility.

e Investment Strategy 3—Invest approximately $230 million annually in NHS and non-NHS
pavements to achieve the agency’s condition targets for the maximum amount of poor
Interstate and non-Interstate NHS pavements.

e Investment Strategy 4—Invest approximately 2 percent of the NHS pavement allocation to
improve friction, shoulders, or other pavement elements to support the Strategic Highway
Safety Program’s pavement-related safety emphasis areas.

Closing Condition Gaps

The financial allocations shown in Table 9 are forecast to achieve the department’s bridge
condition targets, close the department’s bridge condition gaps, and achieve a long-term SOGR.
As noted in earlier TAMP sections, the department’s NHS bridge conditions in 2022 were

10.1 percent poor. The department’s target for 2032 is to have no more than 5 percent of NHS
bridges rated poor and at least 50 percent of NHS bridges in good condition by 2032.

Table 9 shows an average annual investment of $416 million over the 10-year TAMP period
from 2023 to 2032. The year 2022 provides context to compare and contrast the future
expenditures to the base year of 2022. The investment strategies substantially increase the bridge
allocation to pay for the bridge investments needed to achieve those condition targets. The
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allocations are based on the lifecycle-based bridge management analysis discussed below and
elaborated upon in the Lifecycle Planning section. The allocations for Investment Strategies 1
and 2 are highlighted individually.

The pavement allocations shown in Table 10 are forecast to achieve the pavement condition
target of no more than 2 percent of the Interstate pavement in poor condition and no more than
14 percent of the Non-NHS pavements in poor condition, both by 2032. However, as indicated in
the Performance Gap Analysis section, the forecasts indicate a 1 percent condition gap may exist
for the percent of Interstate pavements in good condition. The department intentionally set a
target for good Interstate pavements above the department’s forecasted conditions as an
“aspirational” target. The department will prioritize increased Interstate pavement investments to
close that small gap if additional funding becomes available. The pavement allocations are
derived from the lifecycle-based pavement management analysis discussed below and elaborated
in the Lifecycle Planning section.

Table 9. Bridge investment strategies allocations with Strategy 1 and Strategy 2 amounts
indicated.

Bridge Allocation
Work Types
2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

Maintenance $36 S35 $32 $29 $29 $26 $26 $26 $26 $26 $26
Strategy | Preservation $54 S53 $48 $43 S44 $39 $39 $39 $39 $39 $39

1 Rehabilitation $144 | $140 | $128 | $115 | $117 | $105 | $105 | $105 | $105 | $105 | $105
Reconstruction | $126 | $123 | $112 | $101 | $102 | $121 | $135 | $148 | $154 | S168 | $189
Strategy 2 | Major Bridge S68 | $102 | $98 | $107 | $121 | S145 | $122 | $97 | S85 | S78 | $94
Total S$428 | $453 | $418 | $395 | $413 | $436 | $427 | $415 | $409 | $416 | $453

The allocations in Table 9 and Table 10 not only achieve most condition targets, but they also
contribute to the long-term SOGR that extends beyond the TAMP’s decade. The bridge and
pavement investment scenarios that were modeled by the management systems sought the best
20-year investment scenarios. The allocations in years 2023 to 2032 represent the first 10 years
of those 20-year scenarios. As a result, the investment strategies not only achieve most 2-year,
4-year, and 10-year targets, they are steps along the path to sustaining the SOGR for at least
20 years.

Table 10. The pavement investments strategy allocations.

Pavement Allocation

2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Maintenance 23 | $23 | $23 | $23 | $23 | $23 | $23 | S23 | $23 | $23 | S$23
Preservation S$35 | S35 | S35 | $35 | $35 | $35 | S35 | S35 | S35 | $35 | S35
Rehabilitation $92 $92 $92 $92 $92 $92 $92 $92 S92 S92 $92
Reconstruction | S81 | S81 | $81 | $81 | $81 | $81 | S81 | S81 | S81 | $81 | $81
Total $230 | $230 | $230 | $230 | $230 | $230 | $230 | $230 | $230 | $230 | $230

Work Type
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Implementing Lifecycle Planning

The bridge and pavement allocations by work types directly support the LCP strategies generated
by the bridge and pavement management systems. The lifecycle-based strategies help us to lower
lifecycle costs, which are the cost of managing an asset class or asset sub-group for their whole
life from initial construction to replacement. Our agency has documented that the lifecycle
approach over time improves bridge and pavement conditions and lowers the overall cost of
managing assets from their cradle to grave.

The department conducted multiple scenarios with the bridge and pavement management
systems analyzing different investment levels and different mixes of treatments. For example,
scenarios were modeled with differing dollar amounts for preservation, rehabilitation, and
reconstruction. The scenarios produced differing condition levels over a 20-year forecast period.
The department selected as the preferred lifecycle plans the bridge and pavement scenarios that
resulted in the highest overall network conditions for the available funding. Those two resulted
in the fund allocations shown in table 9 and table 10 which are repeated from the Financial Plan.

Implementing Risk Management Strategies

As noted in the Risk Analysis, the department’s Major Bridges are in below-average condition
and disproportionately impact statewide bridge conditions. To respond to the risk that the
conditions of the Major Bridges will further reduce statewide conditions, the department created
the Major Bridge funding category. Table 9 indicates the largest investments for those bridges
are “front ended” in the first five TAMP years. That allows the department to stabilize the
condition of the largest bridges.

The Major Bridge allocation not only implements a lifecycle strategy to sustain network-wide
bridge conditions, but it also addresses a high-priority risk shown in the Risk section. Risk R2
states that, “poor-condition, scour-critical bridges remain a hazard to the long-term safety and
resilience of the department’s transportation network.” The Major Bridge program will not only
improve the condition of Major Bridges, it also will focus upon those Major Bridges with
scour-critical ratings. The intent is to reduce the number of scour-critical Major Bridges, and
concurrently extend the life of those structures by rehabilitating decks and superstructures as
needed. The Major Bridge program will not only improve bridge conditions, but it will also
enhance transportation system resilience.

Supporting National Goals and Performance of the National Highway System

The investment strategies support progress toward the national goals that include safety,
infrastructure condition, congestion reduction, system reliability, freight movement and
economic vitality, and environmental sustainability.? As mentioned, the investment strategies
support these goals by:

e Improving bridge conditions to meet targets and progress toward the SOGR
e Sustaining pavements at targeted levels

e Enhancing resilience by reducing the number of scour-critical structures
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e Supporting safety by improving friction and shoulder conditions where they could
contribute to crashes

e Sustaining long-term freight mobility by reducing the number of load-limited NHS
bridges

Although not part of the investment strategies, an important risk response strategy noted in the
Risk Management section was to staff and invest in an enhanced drainage maintenance program.
Drainage in good condition can enhance water quality by implementing storm water BMPs.
Those efforts will also support the national goal of environmental sustainability.

Monitoring Risks From Inflation

The investment strategy allocations are “finely tuned,” meaning that they include no excess
funds or contingencies for inflation beyond the expected 3.5-percent inflation rate. As noted in
the Risk Management section, prices at the time this TAMP was developed were rising rapidly.

It is possible that construction prices could rise further and exceed the 3.5-percent inflation rate
assumed in the allocations. If that occurs, the department may not be able to afford the amount of
bridge and pavement projects called for in the lifecycle plan. However, periods of rapid inflation
in 2006 and 2007 were followed by price decreases, leading to a long-term average of

3.5 percent annual construction inflation.

The department’s risk-response strategy to unpredictable construction prices will be to:
e Closely monitor bid prices

e Track forecasted price trends reported in national trade publications for key inputs such
as steel, cement, and diesel

e Prepare contingency plans for delaying projects or reducing scope items

e Consider if increased use of chip seals or low-cost pavement products could be
substituted for pavement resurfacings

e Analyze the long-term impact of delaying some high-cost pavement reconstruction
projects
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