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LIFE CYCLE PLANNING
Overview
Minnesota’s transportation infrastructure is constantly under attack from the
physical and chemical processes of deterioration, the damaging impact of
floods and other hazards, and the normal wear-and-tear from use. MnDOT and
its partners work to offset these effects and keep the state’s valuable assets
in service for as long as possible at minimum cost. Strong asset management
practices help to minimize the total cost of managing transportation assets by
focusing on all phases of an asset’s life cycle.
MnDOT's Life Cycle Planning objectives are to:
•

Establish a long-term focus for improving and preserving the system

•

Develop maintenance strategies that consider long-term investment needs

•

Determine the funding needed to achieve the desired state of good repair

•

Determine the conditions that can be achieved for different levels of
funding

•

Reduce the annual cost of system preservation without impacting asset
conditions

•

Provide objective data to support investment decisions

•

Eliminate existing performance gaps

•

Demonstrate good stewardship to internal and external stakeholders

MnDOT attempts to accomplish these objectives through three major phases of
management of its system:
•

Performance-based, long-range planning (capital planning at the network
level)

•

Life cycle cost-based project design alternative selection

•

Life cycle cost-based management strategies

Each of these approaches will be described in this chapter.
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The life cycle cost of an asset
includes costs associated with
construction, inspection, maintenance
and disposal.
The total cost of ownership of an
asset includes costs associated with
life cycle costs plus operations and
other indirect costs.

Life Cycle Planning
Life Cycle Planning, as defined by FHWA, is “a process to estimate the
cost of managing an asset class, or asset sub-group, over its whole life with
consideration for minimizing cost while preserving or improving the condition."
Life Cycle Planning is especially useful when comparing alternate strategies
that fulfill the same performance requirements but differ with respect to
construction, maintenance and operational costs. These can be compared in
terms of the total costs over the entire life cycle of the asset. A question that
Life Cycle Planning hopes to answer is: which investments, made today, are
most cost-effective in the long-term to keep the infrastructure in service for as
long as feasibly possible?
Because they do not directly extend the life of an asset, annual operational
investments (such as snow and ice removal, de-icing roads, and debris
removal) have not been included in the Life Cycle Planning. It should be noted,
however, that operational expenses and other indirect costs form a large part
of the overall cost of asset ownership and can be impacted by asset design
decisions. Collectively, governance, maintenance, operations, electricity and
other indirect costs associated with transportation assets comprise total cost
of ownership. As an example, MnDOT spends between $80 million and $150
million annually on snow and ice removal on roadways, depending on the
severity of the winter. These operational requirements significantly impact the
amount of funding available for asset maintenance and rehabilitation activities.
When a new road is built, the state commits not only to the initial construction
costs, but also to the future costs of maintaining and operating that road.
Over a long time period, future costs can be much greater than the initial cost.
Therefore, it is important to manage the facilities as cost effectively as possible
over their entire service life.
The state seeks to limit life cycle costs to the greatest extent possible. Limiting
or postponing future costs allows unused funds to be invested elsewhere in
the system. MnDOT’s policy is to analyze all investments using a real annual
discount rate which is currently set at 1.2 percent. The term “real” means that
the effects of inflation are removed from the computation in order to make the
cost trade-offs easier to understand.
Although it is attractive to delay incurring preventive maintenance costs as
much as possible in order to take advantage of the discount rate, doing so
will typically only result in increased costs over time. When maintenance
is delayed, the condition of each asset worsens, eventually affecting the
serviceability or even the safety of the infrastructure. Also, certain kinds of
preventive maintenance actions are highly cost-effective, but only if performed
at the optimal time. For example, painting a steel bridge at the right time is
highly effective in prolonging its life. However, if painting is delayed, too much
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of the steel may already be rusted and painting is no longer as effective (or
even possible). A much more expensive rehabilitation or replacement action is
then required.
Additional terms used in Life Cycle Planning are:
•

Planning Period: the time-frame over which the Life Cycle Planning is
performed

•

Life Cycle Cost (in today’s dollars): the total cost to build, inspect,
maintain, replace, and dispose of an asset over the analysis period when
the costs incurred in future years are converted to current dollars

•

Equivalent Uniform Annual Cost: the average yearly cost to maintain an
asset

The following sections discuss the three major processes by which MnDOT
seeks to optimally manage its infrastructure.

Performance-Based Long-Range Planning
MnDOT makes investment decisions based on a series of plans which
establishes direction and communicates its priorities. Beginning with its
long-range plan called Minnesota GO, which describes its 50-year vision, its
Statewide Multimodal Transportation Plan, which describes investments and
interaction between transportation modes, and its Minnesota State Highway
Investment Plan, which addresses programmatic and project level investments
over a 20-year planning horizon, MnDOT maintains a long-term focus as
investment decisions are made.
MnSHIP directly relates to asset management objectives by addressing
trade-offs between investment areas such as mobility, safety, and asset
management--by assessing the department's ability to meet performance
objectives through the analysis of multiple investment scenarios.
The investment direction presented in MnSHIP prioritizes investments to
maintain the existing state highway pavements and bridges while making
limited mobility improvements over the next 20 years. The direction will guide
investments so that transportation projects align with statewide goals as much
as possible with available funding. MnDOT's planning processes are described
in more detail in Chapter 2: Asset Management Planning and Programming
Framework.
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DEVELOPMENT OF INVESTMENT APPROACHES IN
MNSHIP
Maintaining existing infrastructure at today's condition levels for the next 20
years would require nearly all $21 billion of MnSHIP's available revenue. Given
the limited revenue, MnDOT identified investment trade-off decisions that
balance numerous competing priorities. To illustrate these trade-off decisions,
MnDOT developed performance levels for each investment category and
then packaged different performance levels from each category into three
investment approaches.
These performance levels represented, in broad terms, concepts such as:
•

Minimum maintenance only

•

Minimally meet performance requirements

•

Maintain current investment levels

•

Reduced funding scenarios

Forecasts of performance-level outcomes are made using MnDOT's Highway
Pavement Management Application and Bridge Replacement and Improvement
Management systems. As described in Chapter 2, each system is capable of
generating investment scenarios and forecasting the network level system
conditions that would result. Both pavement and bridge management systems
include the expectation that preventive maintenance activity schedules will be
followed. HPMA includes algorithms that prioritize projects based on “Marginal
Cost Effectiveness” to optimize return on investment. BRIM relies on the
outcome of a separately validated benefit cost analysis to set proposed project
scope at an optimum level.
Figure 6-1: Pavement Condition Investment Category Folio

Investment Approach

(See Approach Folio)

Investment Level

Total

Performance Level 0
Lowest cost, greatest risk

Performance Level 1
Lower cost, higher risk

Approach C
Corresponds with current investment

Approach A, B

$8,447 M

Years 5-10 (2022-2027) $527.9 M/yr
Years 11-20 (2028-2037) $527.9 M/yr

Investment
Description

Remaining
revenue
available

Base
investment
for other
categories

$9,242 M
Pavement
Condition

50.8%

Maintain current investment
direction based on 2013 MnSHIP
investment direction

$577.6 M/yr
$577.6 M/yr

Remaining
revenue
available
Base
investment
for other
categories

Pavement
Condition

55.5%

Maintain Interstate at a level
compliant with MAP-21. Maintain
GASB 34 threshold on the NHS and
Non-NHS system.

In MnSHIP, each category had three to five performance levels (level 0 to
level 2, 3 or 4). MnDOT used both performance measures and risk to define a
potential range of investment in each category. The lowest performance level,
PL 0, represents the minimum level of investment that is acceptable given
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MnDOT's responsibility for public safety and basic system functionality. The
highest investment levels allow MnDOT to meet the goals and objectives for
each investment category and to make more progress toward the Minnesota
GO vision. Each performance level corresponds with a different set of
improvements, outcomes, risks, and risk management strategies.

INVESTMENT SUMMARY
The 20-year investment direction focuses on maintaining the existing state
highway system while making limited mobility investments. This approach
reflects MnDOT and stakeholder input and meets key requirements and
agency commitments. It also continues a shift for MnDOT from being a builder
of the system to the maintainer and operator of the system. The investment
direction does not affect the projects already developed and programmed in
years 2018 through 2021. The priorities identified in MnSHIP will be reflected in
investments and projects starting in 2022. Figure 6-2 shows the distribution of
expenditures from 2018-2027, the years covered in the TAMP.		

MnDOT makes investment-level decisions for pavements on a network basis
during MnSHIP preparation and allocates funding to the districts which are
charged with selecting projects that will meet MnSHIP outcomes. MnDOT
believes that the local knowledge of system nuances is a critical component of
good decision-making, yet in years past analytical tools to evaluate these local
Figure 6-2: 10-Year Capital Highway Investment Distribution from 2018-2027
Total Investment = $9,802M
SP $171M (2%)

PD $1,484M (15%)

RC $217M
(2%)
AP $229M
(2%)
BI $79M
(0.7%)
FR $224M
(2%)

GM $26M
(0.3%)

PC $4,285M (44%)
TC $601M
(6%)
TS $378M
(4%)

FA $30M
(0.3%)
JT $30M
(0.3%)
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PC

Pavement Condition

BC

Bridge Condition

RI

Roadside Infrastructure

JT

Jurisdictional Transfer

FA

Facilities

TC

Twin Cities Mobility

GM

Greater Minnesota Mobility

FR

Freight

BI

Bicycle Infrastructure

AP

Accessible Pedestrian Infrastructure

TS

Traveler Safety

RC

Regional + Community
Improvement Priorities

PD

Project Delivery

SP

Small Programs
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decisions have not been readily available. Starting in 2018, MnDOT developed
a Pavement Investment Guide to support district decision-making. The guide
is intended to take investment optimization to the next level by providing
investment guidance and several new measures/indicators for districts to
evaluate strategies. The indicators will include the following:
•

% Poor

•

% Good

•

Remaining Service Life

•

Asset Sustainability Ratio

•

Asset Value

•

Preventive maintenance % of optimum

Modifications are being made to MnDOT’s HPMA which will allow District
Materials Engineers to easily create district investment scenarios and
evaluate them against the suite of indicators. MnDOT believes that providing
additional information and tools will result in further optimization of pavement
investments.

Life Cycle Cost Based Project Alternative
Selection
MnDOT makes project level scoping investment decisions that consider life
cycle costs in particular for pavement and bridge projects. For significant
pavements projects, a "Pavement Determination" is made which considers a
full analysis of life cycle costs to choose between rigid and flexible pavements.
Software is provided to districts to further refine designs with variables
such as local materials costs tailored to regional conditions. For bridge
design decisions, MnDOT uses a comprehensive deterministic model that
distinguishes between (up to six) design alternatives and compares long-term
costs to maintain the structure.
As a result of recent improvements in the availability of asset and costing
information, MnDOT is beginning to analyze other selected asset decisions
on an ad hoc basis. For example, improved knowledge about life expectancy
of noise walls can be considered against costs of alternatives, or selection
of culvert materials can be tailored to local soil acidity in consideration of
MnDOT's maintenance costs.
Though not uniform or consistent, this represents a rapidly emerging practice
within MnDOT as the inventory of assets is completed, and cost data is
gathered and modeled. One of MnDOT’s goals for its asset management
program is better integration of capital and maintenance investment decisions.
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Life Cycle Based Management Strategies
The third component of MnDOT's effort to minimize life cycle costs is through
consideration of life cycle management strategies for individual asset classes,
incorporating treatments suggested by the management systems, and
respective costs that include both capitally funded actions as well as preventive
and reactionary work accomplished by MnDOT's maintenance staff.
During the development of MnDOT's pilot TAMP, life cycle cost analyses
were prepared for several asset classes using either deterministic modeling
techniques or Markov Chain network level analyses. The analyses generally
considered "worst first" theoretical strategies (run-to-failure) to other
management scenarios representing judgments about current and ideal
practices.
One of MnDOT’s stated goals for this TAMP is that it be helpful and useful
to operational decision makers. To that end, the “worst first” theoretical
strategies have been replaced by “minimum maintenance” scenarios which
reflect plausible, if less than optimum, deferred maintenance approaches. The
strategies are described through the presentation of treatments and associated
timing in the tables presented later in this chapter.
Since preparation of the pilot TAMP, MnDOT has improved its ability to model
internal maintenance costs for routine, reactive, and preventive maintenance
in accordance with asset condition, and has been able to update the life-cycle
models accordingly. These models give asset owners an order of magnitude
representation of possible savings or efficiencies to be gained through
application of best practices, and in some cases, an indication of performance
advantages.
In 2019, the Minnesota Office of the Legislative Auditor published a report
recommending that MnDOT seek to better quantify both internal and capital
cost trade-offs, as well as user cost related to decision-making. In response, a
modeling process designed to monetize delay associated with pavement work
was created, and variations in the results can be seen. Models for bridge and
other traffic impacting activities have not yet been created.
MnDOT has also developed a draft asset management policy to further tie
the recommendation of asset expert offices, investment decision makers and
maintenance practitioners to optimize efficiency.

LIFE CYCLE PLANNING/LIFE CYCLE COST
ANALYSES
Once a section of state highway is built, the agency is responsible for all
future costs to keep that road in service, including the costs to reconstruct
components of the road when it reaches the end of its useful life. Life Cycle
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Planning depends on the ability to forecast both asset condition and future
treatment costs. It uses economic treatments (discounting) to reduce all
future costs to current dollars, so that different alternatives can be compared.
Because of discounting, costs in the far future have very little effect on any
decisions made during the 10-year period covered by the TAMP. In best
practice, the analysis period of Life Cycle Planning should satisfy the following
criteria:
•

Long enough that further costs make no significant difference in the
results

•

Long enough that at least the first complete asset replacement cycle is
included

The reason for the second criterion is that replacement costs are typically much
larger than any other costs during an asset's life, so these costs can remain
significant even if discounted over a relatively long period. A fair comparison
of alternatives should therefore include at least the first replacement cycle
for each of the alternatives being compared. The analyses conducted also
compute remaining capital value, or residual value, and adjust the life cycle
costs to preserve the comparability of alternatives. The following analysis
periods have been used in the Life Cycle Planning:

PAGE

106

•

Pavements: A 70-year analysis period has been chosen to account for at
least one complete reconstruction activity which is timed in response to
varying investment and preventive maintenance approaches during the
estimated lifespan for each of the analyzed treatments.

•

Bridges, culverts and deep stormwater tunnels: These assets have life
spans that potentially extend for much longer than the 70-year scenarios
analyzed for pavements. As a result, based on the second criterion, a 200year analysis period is used for this longer-lasting asset category.

•

Overhead sign structures, high-mast light tower structures, traffic
signals, and roadway lighting: An analysis period of 50 years was
chosen based on expert judgment of the life of these structures and the
degree to which treatment options affect the estimated life.

•

Noise Walls: An analysis period of 120 years was chosen based on
expert judgment of the life of these structures and the degree to which
treatment options affect the estimated life.

•

Pedestrian Infrastructure: An analysis period of 35 years was chosen for
curb ramps and 60 years for sidewalks based on expert judgment of the
life of these structures and the degree to which treatment options affect
the estimated life.
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•

ITS Infrastructure: Each sub-asset in ITS infrastructure has a different
life span so it would be difficult to use one common analysis time frame
for all ITS Infrastructure. In the example of dynamic message signs, an
analysis period of 15 years was chosen based on expert judgment of the
life of this asset.

A key goal of a Life Cycle Planning effort is to manage assets at the optimal
level of preservation where life cycle costs are kept to a minimum. The Life
Cycle Planning modeling strategies presented in the TAMP are summarized
in relation to each asset discussed in this section. The analyses generally
compare a minimum maintenance strategy to strategies that employ more
aggressive preventive maintenance approaches. While they may be exemplary
or network-wide in scope, the analyses give decision makers an indication
of the savings that can be realized by either adopting or maintaining an
aggressive preventive maintenance approach, attendant performance
advantages, and user costs.
Typically, a bridge or pavement maintained at a level that minimizes costs
long-term, is also kept in relatively good condition and produces a higher level
of service over its life, which provides tangible benefits to both the agency and
users.

PAVEMENTS
As discussed in Chapter 1 and Chapter 4, MnDOT maintains a system
of more than 14,000 roadway-miles of pavements statewide. The current
replacement values of NHS and non-NHS pavements are approximately $16
billion and $14 billion, respectively. These high values demonstrate the need
for a sound framework and methodology to managing these assets to the
lowest life cycle cost.
Pavements deteriorate over time due to environmental factors and vehicle
traffic loading. As pavements age and start losing structural and/or functional
capacity, they need to undergo maintenance and rehabilitation to restore
them to the appropriate condition and provide a safe riding surface for the
users. Pavements can be managed on a continuum between simply building
and providing minimum maintenance-only to implementing an aggressive
preventive maintenance scenario. A typical pavement deterioration model
demonstrating the impact of preservation is illustrated in Figure 6-3. Through
the application of life cycle cost analyses, MnDOT has been able to objectively
determine that it is not only cheaper to maintain its pavements through
application of preventive maintenance actions, but that the quality of the
pavements, and thus service to users, remains higher over time.
MnDOT has been increasing the amount of pavement preservation over the
last decade and has taken active steps to maximize the implementation of
preventive maintenance such as:
CHAPTER 6
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Figure 6-3: Deterioration Model Illustrating Impact of Preservation

•

Creating a pavement preventive maintenance manual

•

Staffing a temporary liaison to work between the Materials Office and
districts

•

Building preventive maintenance treatments into its Pavement
Management System decision trees

•

Developing a Pavement Investment Guide, and modifying pavement
management software to allow districts to analyze investment scenarios
unique to their local areas

•

Assigning the Asset Management Program Office responsibility to work
between the Materials Office and district maintenance and materials staff
to improve the systematic planning of pavement preventive maintenance
activities

•

Development of illustrative materials such as a crack sealing exhibit which
shows high benefits resulting from the work MnDOT employees can
perform very cost effectively, to encourage pride in performing this sort of
work

•

Beginning to incorporate calculated internal maintenance cost implications
related to MnSHIP performance scenarios as part of the capital
programming process

Although they operate in a decentralized decision-making environment,
most MnDOT districts proactively implement strong pavement preservation
programs, though MnDOT currently lacks robust preventive maintenance
tracking data. Also, the districts are required to manage their entire construction
program within their budget. Unforeseen events such as project cost over-runs
sometimes result in a reduction to the preventive maintenance funding.
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The typical preservation and rehabilitation treatments used by MnDOT on
its asphalt-surfaced pavements include crack sealing, surface treatments
(e.g., slurry seals, chip seals, and microsurfacing), asphalt mill and overlays
and full-depth reclamation. Typical preservation and rehabilitation treatments
on concrete-surfaced pavements include joint resealing, partial depth
repairs, and minor/major concrete pavement repairs (e.g., dowel bar retrofit,
diamond grinding, full-depth repairs). While some of these treatments are
applied primarily to extend the service life of the pavement and delay major
rehabilitation/reconstruction activities, certain treatments are applied primarily
to address safety issues (e.g., friction loss or hydroplaning due to rutting in
the wheel paths). The objective is to slow down the rate of deterioration and
provide a smooth, durable, and safe roadway for the users at the lowest life
cycle cost.
Figures 6-4 through Figure 6-10 describe strategies and related costs for
maintaining pavements according to the scenarios shown. MnDOT determined
two pavement subgroups - flexible (bituminous) and rigid (concrete).
Figure 6-4 summarizes the two rigid pavement scenarios while Figure 6-5
summarizes the three flexible pavement scenarios. Figures 6-6 through 6-10
show each scenario in more detail.
These exhibits are generic representations of the analyses’ process, treatment
sequences which may be compared, relative costs thereof, and resulting lifecycle costs. For bituminous pavements – relative condition outcomes and user
costs can also be recognized. Note that the analyses are sensitive to many
assumptions that must be made. For one, the theoretical analyses begin at
year zero of a pavement lifespan. In reality, the beginning age and condition
vary with each road segment. In keeping with MnDOT’s Pavement Investment
Guide, district engineering staff are encouraged to take advantage of these
tools in actual situations where variables (such as starting condition, design,
and history) are better known and outputs can be tailored to specific questions.
RIGID PAVEMENT
To give decision makers a frame of reference for the annual cost of owning
rigid pavements, a life cycle costing exercise was performed for two rigid
pavement scenarios. The roadway section may represent a fairly heavily
travelled rural two-lane concrete expressway. The “Minimum Maintenance”
strategy assumes a nominal cost of reactive maintenance on a three-year
interval, plus the assumption of two un-bonded overlays during the 70-year
life. An alternative which seeks to forestall major pavement replacement
through more aggressive preventive maintenance, as shown in MnDOT’s
Pavement Design Manual, is presented as well. Costs are as indicated, with
the postponing of major pavement renewal offering a significant savings. Again,
decision makers are encouraged to utilize analytical tools with local data to
support trade-offs.
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Figure 6-4: Rigid Pavement Life Cycle Planning Scenarios

RIGID PAVEMENT
ACTIVITY

TYPICAL
COSTS PER
LANE MILE

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
PAVEMENT
DESIGN MANUAL

Typical Maintenance

Maintenance

$2,380-$5,230

21 times during life cycle

19 times during life
cycle

Reseal joints and partial
depth repair

Preservation

$10,000

Not applied

Not applied

Minor CPR (some full
depth repairs)

Preservation

$71,670

Not applied

1 time during life cycle

Major CPR (and grinding)

Preservation

$198,330

Not applied

2 times during life
cycle

Major Rehabilitation

$544,906

2 times during life cycle

Not applied

N/A

ANNUAL

$21,170

$18,940

DEFINED ACTIVITY

Unbonded Overlay

MNDOT EUAC
(COST PER LANE
MILE)

*Pavement van evaluates pavement condition on an annual basis statewide.

FLEXIBLE PAVEMENT
The following example pavement section for LCCA may be representative of
a mid-volume two-lane rural bituminous roadway (the user cost computations
assume 3,000 AADT). Three alternatives are presented: “Minimum
Maintenance,” where very little beyond reactive patching is done later in
the pavement life. A second scenario – “PDM” is a direct application of
the recommendations in the MnDOT Pavement Design Manual. The third
represents an evaluation of a strategy proposed by a MnDOT pavement
engineer (as promoted by this chapter) to use an aggressive preventive
maintenance strategy in conjunction with progressively deeper repairs
correlating to anticipated depth of pavement cracking.
Costs are as indicated, with the usage of the MnDOT Pavement Manual
showing 5 percent savings given the assumptions in the exercise. Of note
is the substantial difference in pavement service and notable difference in
user costs. Decision makers are encouraged to use these analytical tools, in
addition to varying user cost inputs to assess the sensitivity of the outputs.
KEY TAKEAWAYS
The analysis suggests that EUAC can be reduced significantly, or performance
can be increased, and user costs reduced by using preventive maintenance in
keeping with MnDOT’s Pavement Design Manual.
The analyses are sensitive to certain assumptions and districts are
encouraged to use these tools, in support of the Pavement Investment Guide,
by customizing variables to reflect the unique situations faced. User costs can
also be considered with this simple model. Varying the assumptions can easily
highlight sensitivity to input variables.
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Figure 6-5: Flexible Pavement Life Cycle Planning Scenarios

FLEXIBLE
PAVEMENT
ACTIVITY

TYPICAL COST
PER LANE
MILE

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
PAVEMENT
DESIGN MANUAL

STRATEGY C
LEVEL OF
SERVICE

Patching

Reactive Maintenance

$1,000-$3,800

18 times during life
cycle

Not applied

Not applied

Chip Seal

Preservation

$18,000

Not applied

4 times during life
cycle

4 times during life
cycle

Crack Treatment

Preservation

$3,000

Not applied

4 times during life
cycle

6 times during life
cycle

Micro-Mill
& Surface
Treatment

Preservation

$55,000

Not applied

Not applied

2 times during life
cycle

Microsurfacing

Preservation

$30,000

Not applied

Not applied

2 times during life
cycle

Thin Mill and
Overlay

Preservation

$100,000

Not applied

Not applied

2 times during life
cycle

Medium Mill and
Overlay

Preservation

$165,000

Not applied

4 times during life
cycle

1 time during life
cycle

New Hot Mix
Asphalt

Major Rehabilitation

$469,272

Cold In-Place
Recycling &
Overlay / Thick
Mill & Overlay

Major Rehabilitation

$180,000

Not applied

Not applied

1 time during life
cycle

Reclaim and
Overlay

Major Rehabilitation

$240,000

3 times during life
cycle

Not applied

Not applied

N/A

N/A

AVERAGE - 3.2
MINIMUM - 2.4

AVERAGE - 3.6
MINIMUM - 3.0

AVERAGE - 3.7
MINIMUM - 3.1

N/A

ANNUAL

$12,560

$12,000

$12,440

N/A

ANNUAL

$5,130

$1,840

$1,890

DEFINED
ACTIVITY

LEVEL OF
SERVICE
(SURFACE
RATING)
MNDOT
EUAC (COST
PER LANE
MILE)
USER DELAY
EUAC
(COST PER
LANE MILE)
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1 time during life cycle 1 time during life cycle

1 time during life
cycle
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Figure 6-6: Minimum Maintenance Scenario Life Cycle Management Strategy for Flexible Pavements

TYPICAL
CONDITION
WHEN APPLIED

TYPICAL COST
DISCOUNTED
(PER LANE
TOTAL DELAY COST
MILE)**
PER LANE MILE

TYPICAL PAVEMENT AGE*
(YEARS)

ACTIVITY TYPE

0

New HMA

-

$469,272

$122,250

13

Patching

Good

$1,437

$300

15

Patching

Good

$1,401

$298

16

Patching

Good

$1,383

$298

17

Patching

Good

$1,365

$297

18

Patching

Good

$1,347

$296

19

Patching

Fair

$1,956

$295

20

Reclaim and Overlay

Poor

$185,363

$104,323

33

Patching

Good

$1,110

$283

35

Patching

Good

$1,082

$281

36

Patching

Good

$1,068

$281

37

Patching

Good

$1,054

$280

38

Patching

Fair

$1,530

$279

39

Patching

Fair

$1,511

$278

40

Reclaim and Overlay

Poor

$143,164

$89,025

53

Patching

Good

$857

$267

55

Patching

Good

$835

$265

56

Patching

Good

$825

$265

57

Patching

Good

$814

$264

58

Patching

Fair

$1,182

$263

59

Patching

Fair

$1,167

$262

60

Reclaim and Overlay

Poor

$110,572

$75,971

70

Residual Value (10/20
years used)

Good

-$48,587

($37,985)

TOTAL PRESENT WORTH

N/A

N/A

$881,707

$359,412

MNDOT EUAC
TOTAL USER DELAY EUAC

N/A
N/A

N/A
N/A

$12,596
$5,134

N/A
N/A

Note:
* Based on values from MnDOT Pavement Design Manual Chapter 7 and input provided by MnDOT Pavement Work Group
**Cost data provided by MnDOT TAMP Pavement Work Group
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Figure 6-7: Pavement Design Manual Scenario Life Cycle Management Strategy for Flexible Pavements

ACTIVITY TYPE

TYPICAL
CONDITION
WHEN APPLIED

TYPICAL COST
(PER LANE
MILE)**

DISCOUNTED TOTAL
DELAY (COST PER
LANE MILE)

0

New HMA

-

$469,272

$122,250

8

Crack Treatment

Good

$2,705

$203

12

Chip Seal

Good

$15,416

$201

20

Medium Mill and Overlay

Good

$127,437

$1,176

23

Crack Treatment

Very Good

$2,229

$777

27

Chip Seal

Good

$12,700

$192

37

Medium Mill and Overlay

Good

$102,314

$1,119

40

Crack Treatment

Very Good

$1,790

$185

44

Chip Seal

Good

$10,197

$183

54

Medium Mill and Overlay

Good

$82,144

$1,064

57

Crack Treatment

Very Good

$1,437

$176

61

Chip Seal

Good

$8,186

$174

70

Medium Mill and Overlay

Good

$66,807

$1,015

70

Residual Value (1/15
years used)

Very Good

-$62,353

($948)

N/A

N/A

$840,280

$127,767

N/A

N/A

$12,004

N/A

N/A

N/A

$1,825

N/A

TYPICAL PAVEMENT
AGE* (YEARS)

TOTAL PRESENT
WORTH
MNDOT EUAC
TOTAL USER DELAY
EUAC

Note:
*Based on values from MnDOT Pavement Design Manual Chapter 7 and input provided by MnDOT TAP Pavement Work Group
**Cost data provided by MnDOT TAMP Pavement Work Group, some assumptions made to develop cost ranges based on data provided
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Figure 6-8: Level of Service Scenario Life Cycle Management Strategy for Flexible Pavements

TYPICAL PAVEMENT AGE*
(YEARS)

ACTIVITY TYPE

TYPICAL
CONDITION
WHEN
APPLIED

TYPICAL
COST
(PER LANE
MILE)**

DISCOUNTED
TOTAL DELAY
(COST PER LANE
MILE)

0

New HMA

-

$469,272

$122,250

2

Chip Seal

Very Good

$17,541

$207

9

Crack Treatment

Good

$2,671

$202

13

Micro-Mill & Surface
treatment

Good

$46,499

$400

17

Crack Treatment

Very Good

$2,409

$198

23

Thin Mill and Overlay

Good

$74,299

$777

26

Crack Treatment

Very Good

$2,144

$193

27

Chip Seal

Very Good

$12,700

$192

31

Microsurfacing

Very Good

$20,101

$190

38

Medium Mill and Overlay

Good

$101,001

$1,116

41

Crack Treatment

Very Good

$1,767

$184

42

Chip Seal

Very Good

$10,463

$184

48

Micro-Mill & Surface
Teatment

Very Good

$29,588

$361

50

Crack Treatment

Very Good

$1,573

$179

57

Thin Mill and Overlay

Good

$47,892

$703

59

Crack Treatment

Very Good

$1,400

$175

60

Chip Seal

Very Good

$8,293

$174

63

Microsurfacing

Very Good

$13,296

$173

69

CIR & OL / Thick M&O

Very Good

$73,828

$42,443

70

Residual Value (2/20
years used)

Very Good

-$65,592

($38,199)

TOTAL PRESENT WORTH
MNDOT EUAC
TOTAL USER DELAY EUAC

N/A
N/A
N/A

N/A
N/A
N/A

$871,143
$12,445
$1,887

$132,102
N/A
N/A

Note:
*Based on values from MnDOT Pavement Design Manual Chapter 7 and input provided by MnDOT TAP Pavement Work Group
**Cost data provided by MnDOT TAMP Pavement Work Group, some assumptions made to develop cost ranges based on data provided
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Figure 6-9: Minimum Maintenance Scenario Life Cycle Management Strategy for Rigid Pavements

TYPICAL PAVEMENT
AGE* (YEARS)

ACTIVITY TYPE

TYPICAL COST (PER LANE MILE)**

0

Initial Construction

$966,670

3

Maintenance

$2,886

6

Maintenance

$2,776

9

Maintenance

$2,671

12

Maintenance

$2,569

15

Maintenance

$2,472

18

Maintenance

$2,378

21

Maintenance

$2,287

24

Maintenance

$2,200

27

Maintenance

$2,117

30

Unbonded Overlay

$369,861

33

Maintenance

$1,959

36

Maintenance

$1,884

39

Maintenance

$1,813

42

Maintenance

$1,744

45

Maintenance

$1,678

48

Maintenance

$1,614

51

Maintenance

$1,553

54

Maintenance

$1,494

57

Maintenance

$1,437

60

Unbonded Overlay

$251,047

63

Maintenance

$1,330

66

Maintenance

$1,279

69

Maintenance

$1,230

70

Residual value (10/30
years used)

-$147,085

N/A

$1,481,862

N/A

$21,169

TOTAL PRESENT
WORTH
MNDOT EUAC (COST
PER LANE MILE)

Note:
The Pavement Work Group indicated that the desired and typical life cycle strategies are fairly close for rigid pavements and recommended using the same values for both
* Based on values from MnDOT Pavement Design Manual Chapter 7 and input provided by MnDOT TAMP Pavement Work Group
**Cost data provided by MnDOT TAMP Pavement Work Group, some assumptions made to develop cost ranges based on data provided
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Figure 6-10: Preventive Maintenance Scenario Life Cycle Management Strategy for Rigid Pavements

TYPICAL PAVEMENT
AGE* (YEARS)

ACTIVITY TYPE

TYPICAL COST (PER LANE MILE)**

0

Initial Construction

$966,670

3

Maintenance

$2,290

6

Maintenance

$2,203

9

Maintenance

$2,119

10

Reseal joints and partial
depth repair

$8,788

13

Maintenance

$2,012

16

Minor CPR (some full
depth repairs)

$58,289

19

Maintenance

$2,723

22

Maintenance

$2,619

26

Maintenance

$2,487

28

Major CPR (and
grinding)

$138,141

31

Maintenance

$3,504

34

Maintenance

$3,371

37

Maintenance

$3,243

40

Maintenance

$3,120

43

Maintenance

$3,001

46

Maintenance

$2,887

50

Major CPR (and
grinding)

$103,972

53

Maintenance

$2,638

56

Maintenance

$2,537

60

Maintenance

$2,410

63

Maintenance

$2,318

66

Maintenance

$2,230

69

Maintenance

$2,145

70

Residual value (20/20
years used)

$0

N/A

$1,325,717

N/A

$18,939

TOTAL PRESENT
WORTH
MNDOT EUAC (COST
PER LANE MILE)
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MnDOT will also consider implementing more robust network level life cycle
cost assessment approaches as research and technologies advance and are
available (see Chapter 9). This work may be pursued during the next TAMP
update cycle.

BRIDGES AND LARGE CULVERTS
Bridges are large, complex and expensive assets that are custom-designed
and built to satisfy a wide variety of requirements. All culverts of 10 feet or
greater in diameter (and some important smaller culverts) are inspected and
managed as bridges. The bridges addressed in this TAMP (NHS, non-NHS,
bridge culverts) have a replacement value of approximately $14.6 billion. The
service life of most bridges is beyond 50 years and MnDOT works aggressively
to extend bridge life by performing preventive maintenance on a routine basis.
Consistent with federal requirements, MnDOT performs a detailed inspection
on each of its bridges on a periodic basis (usually at two-year intervals, some
more or less frequently based on inspection results, as outlined in the MnDOT
Bridge and Structure Inspection Program Manual). MnDOT's bridge office is
required to house inventory, inspection and condition data on all bridges in the
state regardless of ownership, and includes all for federal reporting. Regular
communication and audit of statewide inspection data is performed by MnDOT.
Preventive maintenance activities – flushing, crack sealing, joint maintenance,
spot painting, and other minor repairs – are typically performed by internal staff
either in accordance with a recommended frequency or as needed, based on
the element condition documented within Structure Information Management
System. Most bridges are flushed annually, or as often as constraints allow,
to remove corrosive salts from the bridge deck and other elements like joints,
drains, bearing seats, and superstructure elements (e.g., beam ends, lower
chord members). Constraints from following treatment strategies include
staffing, funding, work zone traffic control limitations on high-volume bridges
(typically on Interstate Highways), and other system priorities. Crack sealing
on bridge decks and barrier and poured joint sealing are typically performed
on a five year frequency. Other preventive maintenance activities, such as
expansion joint maintenance, as well as reactive maintenance activities, such
as patching, are performed in response to conditions noted in the inspection
reports and tracked in SIMS.
MnDOT has developed a strong preventive maintenance culture within its
bridge engineering and bridge maintenance groups. Each year, all new
employees (and some in the existing workforce) receive thorough training in
bridge preservation covering needs, benefits, philosophy, causes and problems
related to specific deterioration types, numerous treatment techniques
(from deck flushing to full depth joint replacement), appropriate preventive
maintenance intervals, and tracking and recording expectations.
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Bridges and culverts deteriorate over time. Steel beams, and reinforcing steel
in particular, are prone to corrosion. Paint and concrete cover the steel and
protect it from corrosion. But paint and concrete are often exposed to weather,
traffic, erosion, animals, chemicals and collisions, and therefore require
preventive as well as reactive care. These materials can also crack as they
age, thus allowing corrosive water and chemicals to penetrate the materials,
worsening deterioration. MnDOT uses information from its SIMS and inspection
programs to forecast needs and track work performed.
Most bridges have expansion joints and bearings to prevent damage due to
temperature changes and motion. These features can sometimes be damaged
by the constant pounding of trucks passing over them, corrosion, excessive
movement or intrusion by rocks and other foreign materials. Leaking expansion
joints can lead to increased deterioration of underlying elements due to greater
exposure to deicing chemicals. MnDOT uses internal staff to replace glands
and otherwise perform preventive joint maintenance to minimize damage
caused by leaks at joints (Figure 6-11).
Bridge culverts tend to be more durable, and require very little maintenance
because they are generally protected underground. Most are precast, therefore
they are manufactured under more controlled conditions. They also deteriorate,
but at a slower rate than bridges.
To estimate the cost effectiveness of management strategies (minimum
maintenance compared to MnDOT’s more optimized typical preventive
maintenance practices), MnDOT performed a network level life cycle cost
analysis using a Markov modeling approach (Figures 6-12 through 6-15). The
analysis uses bridge condition data to project deterioration rates and quantify
the number of bridges typically addressed per year within the various condition
Figure 6-11: Effects of Leaking Deck Joints
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states. Expert judgment was used to estimate the numbers and health
improvement effects of various treatments. Actual unit cost data from MnDOT
financial systems was used to price treatments, which in conjunction with the
department’s adopted discount rate, yields a theoretical equivalent uniform
annual cost for a bridge of average size.
KEY TAKEAWAYS
The analysis suggests that EUAC can be reduced from approximately $56,000
for the minimum maintenance strategy to $36,000 for a strategy including more
aggressive preventive maintenance.
MnDOT’s typical preventive maintenance strategies are believed to extend
the average service life of each structure from about 50 to 80 years and save
considerable sums compared to a minimum maintenance-only strategy.
In keeping with this TAMP’s goals of providing more actionable guidance to
MnDOT’s Bridge maintenance community, the Bridge Office has begun to
explore additional cost modeling techniques in addition to the Markov modeling
approach (see Chapter 9). This work will be pursued during the next TAMP
update cycle.
Figure 6-12: Life Cycle Management Strategy for Bridge Decks

STRATEGY

TREATMENT

INTERVAL
$/BRIDGE
(YEARS)

% TREATED
ANNUALLY
IN GOOD
CONDITION

% TREATED
ANNUALLY IN
SATISFACTORY
CONDITION

% TREATED
ANNUALLY
IN FAIR
CONDITION

% TREATED
ANNUALLY
IN POOR
CONDITION

Preventive
Maintenance

Joint sealing

5

$1,529

20%

20%

20%

N/A

Preventive
Maintenance

Deck sealing

5

$37,406

20%

20%

20%

N/A

Preventive
Maintenance

Crack sealing

5

$1,500

20%

20%

20%

N/A

Preventive Action

Joint repair
(patch)

Conditionbased

$38,215

N/A

1%

2%

N/A

Reactive
Maintenance

Deck repair

Conditionbased

$16,833

N/A

2%

35%

15%

Major
Preservation

Overlay

Conditionbased

$130,921

N/A

N/A

5%

2%

Reactive
Maintenance

Rail repair/
replace

Conditionbased

$127,705

N/A

1%

5%

N/A

Rehab and
Replacement

Redeck

Conditionbased

$1,122,184

N/A

N/A

N/A

5%
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Figure 6-13: Life Cycle Management Strategy for Bridge Superstructures

STRATEGY

TREATMENT

INTERVAL
$/BRIDGE
(YEARS)

% TREATED
ANNUALLY
IN GOOD
CONDITION

% TREATED
ANNUALLY IN
SATISFACTORY
CONDITION

% TREATED
ANNUALLY
IN FAIR
CONDITION

% TREATED
ANNUALLY
IN POOR
CONDITION

Routine
Maintenance

Inspection

1-2

$1,111

60%

60%

60%

60%

Preventive
Maintenance

Flushing

Annual

$500

75%

75%

75%

75%

Preventive
Maintenance

Lube bearings

4

$26,600

0.1%

0.2%

N/A

N/A

Preventive
Maintenance

Spot painting

5

$19,500

N/A

2%

5%

N/A

Major
Preservation

Full painting

Conditionbased

$377,480

N/A

3%

5%

N/A

Reactive
Maintenance

Patching

Conditionbased

$30,000

N/A

1%

3%

5%

Reactive
Maintenance

Repair/replace
bearings

Conditionbased

$46,549

N/A

N/A

N/A

5%

Reactive
Maintenance

Repair steel

Conditionbased

$50,000

N/A

N/A

2%

5%

Rehab and
Replacement

Replace
elements

Conditionbased

$100,000

N/A

N/A

N/A

1%

Rehab and
Replacement

Replace structure

Conditionbased

$2,702,941

N/A

N/A

N/A

20%

Figure 6-14: Life Cycle Management Strategy for Bridge Substructures

STRATEGY

TREATMENT

INTERVAL
$/BRIDGE
(YEARS)

% TREATED
ANNUALLY
IN GOOD
CONDITION

% TREATED
ANNUALLY IN
SATISFACTORY
CONDITION

% TREATED
ANNUALLY
IN FAIR
CONDITION

% TREATED
ANNUALLY
IN POOR
CONDITION

Reactive
Maintenance

Patching

Conditionbased

$56,070

N/A

N/A

10%

15%

Reactive
Maintenance

Slope paving
repair

Conditionbased

$26,166

N/A

1%

1%

N/A

Reactive
Maintenance

Erosion/scour
repair

Conditionbased

$25,000

N/A

N/A

5%

5%

Rehab and
Replacement

Replace
elements

Conditionbased

$100,000

N/A

N/A

N/A

1%
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Figure 6-15: Life Cycle Management Strategy for Bridge Culverts (>10ft)

STRATEGY

TREATMENT

INTERVAL
$/BRIDGE
(YEARS)

% TREATED
ANNUALLY
IN GOOD
CONDITION

% TREATED
ANNUALLY IN
SATISFACTORY
CONDITION

% TREATED
ANNUALLY
IN FAIR
CONDITION

% TREATED
ANNUALLY
IN POOR
CONDITION

Preventive
Maintenance

Inspection

1-4

$1,111

60%

60%

60%

60%

Reactive
Maintenance

Patching

Conditionbased

$12,104

N/A

N/A

5%

10%

Rehab and
Replacement

Replacement

Conditionbased

$250,000

N/A

N/A

N/A

25%

OTHER ASSETS LIFE CYCLE PLANNING
Highway Culverts
Culverts are inspected on an interval based on condition and risk: new assets
are inspected every six years, while those in poor condition may be inspected
every year or every other year. MnDOT maintains and annually reports on a
performance measure for the conduct of inspections. MnDOT also maintains
a culvert inventory including inspection records and condition information in
TAMS. The department has developed treatment decision trees based on
culvert sizes, types, condition, and several other "flags" which aid significantly
in the life cycle planning (capital investment, as well as maintenance) of the
system of culverts.
Other drainage system components have different inspection frequencies.
Federal MS4 permits require storm water ponds to be inspected once every
five years, while structural pollution control devices are inspected every year
and infiltration/filtration basins the first two years after construction and then
every two years thereafter. Culverts are flushed to remove accumulated debris,
when sedimentation is restrictive to flow or when culverts are video-inspected,
and a small fraction of them receive condition-based repairs as warranted.
These assets are manufactured under relatively controlled conditions
(compared to bridges) and, in most cases, have a long life.
Drainage culverts do gradually deteriorate, exhibiting corrosion, settlement,
deformation, scour from floods, impact damage, and buildup of debris. One
relatively common problem is leakage where water intrudes into surrounding
soil and washes it away, creating voids. The presence of these pockets tends
to accelerate deterioration and can potentially cause a local collapse of the
roadway above.
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LIFE CYCLE PLANNING SCENARIOS
The highway culverts life cycle analysis included two scenarios shown in
Figure 6-16. The minimum maintenance scenario included only routine
maintenance, with the maintenance costs being estimated using data from
TAMS. Current practice scenario added three corrective actions including joint
repair, pave invert, and replace ends.
KEY TAKEAWAYS
Condition inspections in accordance with MnDOT’s adopted cycle are a
primary means of mitigating risk of drainage infrastructure failure. Inspection
frequency is based on condition and inspection findings are important as
they drive routine maintenance. These corrective actions were anticipated to
Figure 6-16: Highway Culverts Life Cycle Planning Scenarios

TREATMENT WORK
TYPE

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICE

Inspection

Routine Maintenance

$70

Applied

Applied

Cleaning

Routine Maintenance

$380

Applied

Applied

Reset Ends

Routine Maintenance

$3,000

Applied

Applied

Joint Repair

Corrective Actions

$3,300

Not Applied

Applied

Pave Invert

Corrective Actions

$1,980

Not Applied

Applied

Replace Ends

Corrective Actions

$5,800

Not Applied

Applied

Slipliner

Rehabilitation or
Replacement

$12,000

Applied

Applied

Cured Inplace Liner

Rehabilitation or
Replacement

$25,000

Applied

Applied

$38,000

Applied

Applied

Rehabilitation or
Replacement

$71,000

Applied

Applied

N/A

N/A

$507

$356

ACTIVITY

Trench Replacement
Jack Replacement

MNDOT EUAC PER
CULVERT

Rehabilitation or
Replacement

reduce the equivalent annual cost per culvert from $507 to $356 on a networkwide average culvert basis. Treatment decision trees have been developed
based on culvert size, type, condition, and other "flags" which aid in life cycle
planning.

Deep Stormwater Tunnels
MnDOT, in partnership with the city of Minneapolis, maintains an inventory of
eight deep stormwater tunnels that range in length from 0.2 to 4.6 miles, which
adds up to 73,392 linear feet or nearly 14 total miles. All eight tunnels have had
detailed inspection studies completed, which identify specific conditions and
repairs. Minneapolis also performs a visual walk-through inspection of tunnels
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every two to five years. Typical maintenance consists of repairing cracks and
drilling and grout filling the annular space between the outside of the concrete
liner and the eroded sandstone native soil.
During the preparation of MnDOT’s pilot TAMP, generalized risks for these
deep stormwater tunnels were assessed, life cycle cost assessments were
prepared, and priority strategies were developed for mitigating undermanaged
risks. Since the pilot TAMP was prepared, MnDOT has made substantial
investments in preventive maintenance (grouting the annular space of the
Interstate 35W tunnel), and followed through on its priority of using the bridge
management software to manage these tunnels. Due to the small sample
size, high-level assumptions needed, unique considerations of the remaining
individual tunnels, and limited alternatives, MnDOT did not perform a generic
life cycle cost assessment for these stormwater tunnels in this TAMP. It will
perform analyses as needed to make future management and investment
decisions.

Overhead Sign Structures
A less-formalized element-level inspection process and rating system is used
for overhead sign structures in Greater Minnesota districts. As a result of this
TAMP process, MnDOT has developed a uniform statewide overhead sign
structure inspection form and is working on a corresponding inspection process
rating system. Sign structure inspection is newly implemented.
Typical reactive maintenance activities performed on overhead sign structures
include tightening nuts and removing grout. Minor rehabilitation activities
performed include re-grading footing, replacing welds, removing catwalks/
lighting, and replacing individual elements. Most of the responsibility for
inspecting and maintaining these structures falls on MnDOT district staff, and
MnDOT has developed cost recording protocols to improve the cost data for
these assets.
LIFE CYCLE PLANNING SCENARIOS
The overhead sign structures life cycle analysis included four scenarios shown
in Figure 6-17. The minimum maintenance scenario included only reactive
maintenance, with the maintenance costs being estimated using data from
TAMS. Current practice scenario, under Scenario B, added two inspection
activities -- structure and out of cycle inspections -- as well as tightening nuts
and a major rehabilitation one time during the sign structure's life. Scenario C
increases the frequency of nut tightening to every five years. For existing signs
in the field, tightening the nuts more frequently may extend the life of the sign
but may cost more per structure. In Scenario D, MnDOT would work to ensure
proper initial installation of overhead signs.

CHAPTER 6

LIFE CYCLE PLANNING

PAGE

123

Figure 6-17: Overhead Sign Structures Life Cycle Planning Scenarios

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICE

Reactive Maintenance

$100

Annual

Annual

Annual

Annual

Structural Inspection

$250

None

Every 5 years

Every 5 years

Every 5 years

TREATMENTS

STRATEGY C
STRATEGY D
PREVENTIVE PROPER INITIAL
MAINTENANCE INSTALLATION

Out of Cycle Inspection

$26

None

Annual

Annual

Annual

Tighten Nuts

$257

None

One Time

Every 5 years

None

$6,250

None

At 30 years

At 30 years

At 30 years

N/A

40 YEARS

40 YEARS

41-50 YEARS

41-50 YEARS

N/A

$570

$713

$243-$867

$209-$649

Major Rehabilitation

EXPECTED LIFE
MNDOT EUAC PER
STRUCTURE

KEY TAKEAWAYS
If signs did not need nut tightening over the life of the sign structure, MnDOT
could save considerably versus its current practice scenario. A current MnDOT
research project will provide national guidance on nut tightening issues.
Conducting inspections according to the cycle adopted is an important part of
minimizing risk related to these structures.

High-Mast Tower Light Structures
Statewide high-mast light tower structures are inspected on a five-year cycle
due to MnDOT’s recently formalized inspection program; a similar program with
element level inspections exists for overhead sign structures.
Similar to pavements and bridges, which are managed through a fairly mature
process, protocols for inspection, and management of high-mast light tower
structures have been on a regularly defined program for a couple decades.
However, over the last couple of years, MnDOT has invested significant
resources to improve the way these assets are managed and the condition of
the assets.
Typical maintenance actions performed on high-mast light tower structures
include tightening and levelling of nuts, removing debris, and replacing
components that are not functioning adequately. Most of the responsibility for
inspecting and maintaining these structures falls on MnDOT district staff, and
MnDOT has developed cost-recording protocols to improve the cost data for
these assets.
LIFE CYCLE PLANNING SCENARIOS
The high mast tower light life cycle analysis included three scenarios shown
in Figure 6-18. The minimum maintenance scenario included only reactive
maintenance, with the maintenance costs being estimated using data from
TAMS. Scenario B added a periodic structural inspection as well as an out of
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cycle structural inspection, nut tightening, and replacing the LED luminaires
on a periodic basis. These added tasks were anticipated to reduce the cost of
reactive maintenance by 5 percent and extend the expected life from 40 years
to 50 years. Scenario C added periodic exercising of the lowering mechanism,
which was anticipated to reduce the cost of reactive maintenance by an
additional 5 percent.
KEY TAKEAWAYS
The analysis indicated that Scenario B, which included inspections, nut
tightening and LED replacement had the lowest equivalent uniform annualized
cost. The exercising of the lowering mechanism in the highest scenario cost
more than it saved, although it was still better than the lowest effort scenario.
Figure 6-18: High Mast Tower Light Structures Life Cycle Planning

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICE

STRATEGY C
PREVENTIVE
MAINTENANCE

$3,017

Every 5 years

Every 5 years

Every 5 years

Structural Inspection

$132

None

Every 5 years

Every 5 years

Tighten Nuts

$250

None

Every 50 years

Every 50 years

Out of Cycle Inspection

$132

None

Every 50 years

Every 50 years

Replace LED Luminaires

$4,000

None

Every 15 years

Every 15 years

$78

None

None

Annual

N/A

40 YEARS

50 YEARS

50 YEARS

N/A

$1,812

$1,774

$1,803

TREATMENTS
Reactive Maintenance

Exercise Lowering
Mechanism

EXPECTED LIFE
MNDOT EUAC PER
STRUCTURE
Noise Walls

Noise walls are inspected on a 10-year cycle with the last inventory and
inspection completed in 2012. MnDOT completes out of cycle inspections if a
serious defect is found that requires more frequent monitoring.
Typical reactive maintenance activities are performed on an annual basis.
Minor rehabilitation activities include minor concrete panel repair or wood
re-planking. Most of the responsibility for inspecting and maintaining noise
walls falls on MnDOT district staff especially Metro District staff. Metro District
has 95 percent of all noise walls statewide.
LIFE CYCLE PLANNING SCENARIOS
The concrete noise wall life cycle analysis included three scenarios in Figure
6-19. The minimum maintenance scenario included only reactive maintenance,
with the maintenance costs being estimated using data from TAMS. Scenario
B added structural inspections every 10 years. Scenario B also added a minor
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rehabilitation every 27 years. This scenario was anticipated to add up to 20
years on the expected life of the wall. Scenario C additionally added splash
zone sealing every five years, which was anticipated to increase the expected
life of the wall from 80 years to 95-120 years.
The wood panel noise wall life cycle analysis included three scenarios in
Figure 6-20. The minimum maintenance scenario included only reactive
maintenance, with the maintenance costs being estimated using data from
TAMS. Scenario B added structural inspections every 10 years with out of
cycle inspections as needed. Noise walls required out of cycle inspections if a
serious defect is found that requires more frequent monitoring. Scenario B also
added re-planking every 30 years. This scenario was anticipated to add up to
20 years on the expected life of the wall. Scenario C additionally added splash
zone sealing every 5 years which was anticipated to increase the expected life
of the wall from 60 years to 75-100 years.
Figure 6-19: Concrete Noise Walls Life Cycle Planning Scenarios

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICE

STRATEGY C
PREVENTIVE
MAINTENANCE

Reactive Maintenance

$838

Annual

Annual

Annual

Structural Inspection

$455

None

Every 10 years

Every 10 years

Out of Cycle Inspection

$23

None

Annual

Annual

Minor Rehabilitation

$54,355

None

Every 27 years

Every 27 years

Splash Zone Sealing

$16,000

None

None

Every 5 years

N/A

80 YEARS

81-100 YEARS

95-120 YEARS

N/A

$2,749

$2,137-$3,359

$2,818-$3,968

TREATMENTS

EXPECTED LIFE
MNDOT EUAC PER
NOISE WALL

Figure 6-20: Wood Panel Noise Walls Life Cycle Planning Scenarios

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICE

STRATEGY C
PREVENTIVE
MAINTENANCE

$1,292

Annual

Annual

Annual

Structural Inspection

$570

None

Every 10 years

Every 10 years

Out of Cycle Inspection

$29

None

Annual

Annual

Re-planking

$18,424

None

Every 30 years

Every 30 years

Splash Zone Sealing

$8,520

None

None

Every 5 years

N/A

60 YEARS

61-80 YEARS

75-100 YEARS

N/A

$4,251

$2,404-$4,348

$1,874-$3,687

TREATMENTS
Reactive Maintenance

EXPECTED LIFE
MNDOT EUAC PER
NOISE WALL
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KEY TAKEAWAYS
Current practice appears to have the lowest life cycle cost for concrete noise
walls while adding splash zone sealing could lower the life cycle costs for
wood panel noise walls. Using activities such as re-planking and splash zone
sealing will extend the life of the asset but not certain for how long. Splash
zone sealing of concrete walls did not equate to cost savings even if life of the
wall was extended by 20 years. Concrete noise walls are a lower cost range
alternative in the minimum maintenance and current practice strategies over
wood panel walls.
There were a few limitations to this life cycle analysis. For this analysis, risk
is not incorporated as a monetary value. Risk impacts should be included
in conjunction with life cycle analysis strategies. For example, performing
structure inspections may only increase life-cycle costs $100/structure but will
lower the risk of structure collapse. In addition, noise wall life cycle planning
should also consider noise abatement and aesthetics that are not included
here. More research is also needed on how preventive maintenance activities
increase life.

Signals
MnDOT conducts annual operation checks on traffic signals. This includes
checking signal timing, a cursory review of intersection hardware, replacing the
cabinet filter, and removing any debris. Every two years, MnDOT inspects the
electronics of the signal cabinet including testing the malfunction monitor unit.
Every three years, MnDOT completes an in-depth electrical inspection of the
wiring and hardware.
Minor rehabilitation activities performed include replacing LED indications
and replacing the electronics. Most of the responsibility for inspecting and
maintaining these structures falls on MnDOT Electrical Services and district
staff.
LIFE CYCLE PLANNING SCENARIOS
The traffic signal life cycle analysis included four strategies shown in
Figure 6-21. The lowest effort strategy, Strategy A, included only reactive
maintenance, with the maintenance costs estimated using data from TAMS.
Strategy B consisted of three periodic inspections/preventive maintenance
tasks -- one each for operational, electrical, and electronic. These inspection/
preventive maintenance and replacement tasks were anticipated to reduce
reactive maintenance costs by 5 percent. Strategy C consisted of replacing the
electronics and the LED indications proactively on a periodic basis. Strategy D
consisted of periodic structural inspection, which was anticipated to increase
the expected life of the entire signal system from 30 years to 40 years.
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Figure 6-21: Signals Life Cycle Planning Scenarios

TYPICAL
COSTS

STRATEGY A
REACTIVE
MAINTENANCE

STRATEGY B
PREVENTIVE
MAINTENANCE

STRATEGY C
EQUIPMENT
REPLACEMENTS

STRATEGY D
STRUCTURAL
INSPECTION

Reactive
Maintenance

$399

Annual

Annual

Annual

Annual

Operations Check

$74

None

Annual

None

None

Electrician Preventive
Maintenance

$124

None

Every 3 years

None

None

Electronic Preventive
Maintenance

$132

None

Every 2 years

None

None

Replace LED
Indications

$20,000

None

None

Every 10 years

None

Replace Electronics

$30,000

None

None

Every 15 years

None

Structural Inspection

$1,000

None

None

None

Every 5 years

EXPECTED LIFE
MNDOT EUAC
PER SIGNAL

N/A

30 YEARS

30 YEARS

30 YEARS

40 YEARS

N/A

$8,885

ADD $23

ADD $1,908

SUB $1,523

TREATMENTS

KEY TAKEAWAYS
The analysis indicated that the added inspections/preventive maintenance
tasks cost more than they saved. Even if the inspections/preventive
maintenance and replacement tasks had eliminated all reactive maintenance
costs, it would still cost more than it saved. While the inspections/preventive
maintenance tasks of the middle scenario did not demonstrate benefit from
a life cycle cost point of view, MnDOT considers these efforts beneficial for
operational and liability reasons. Proactively replacing the LED indications and
electronics also cost more than it saved. Conducting structural inspections
lowered the equivalent uniform annual cost, saving more than it cost, by
lengthening the time between total re-builds of the signal system.

Lighting
MnDOT conducts electrical inspections every five years. MnDOT does
not currently have a consistent inspection schedule for inspecting lighting
structures. Minor rehabilitation activities performed include replacing LED
indications and replacing the electronics. Most of the responsibility for
inspecting and maintaining these structures falls on MnDOT Electrical Services
and district staff.
LIFE CYCLE PLANNING SCENARIOS
The roadway lighting life cycle analysis included three scenarios shown in
Figure 6-22. The minimum maintenance scenario included only reactive
maintenance and re-setting knocked down poles, with the maintenance
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costs being estimated using data from TAMS. Scenario B added a periodic
electrical inspection as well as replacing the LED luminaires on a periodic
basis. The electrical inspection was anticipated to reduce the frequency of
reactive maintenance from once every four-years to once every five-years on
average per pole. Scenario C added periodic structural inspection, which was
anticipated to increase the expected life of the light pole from 30 years to 40
years.
KEY TAKEAWAYS
The analysis indicated that Scenario C, which included electrical inspection and
structural inspection, had the lowest equivalent uniform annualized cost, mostly
due to lengthening the time between complete replacement of the light poles.
The added inspections and LED replacements in the middle scenario cost
more than they saved, making it the highest cost scenario. The lowest effort
scenario that included no inspection or LED replacements had costs between
the other scenarios. While the inspections and LED replacements of the
middle scenario were not beneficial from a life cycle cost point of view, MnDOT
considers these efforts beneficial to maintain the safety impacts of the lighting.
Figure 6-22: Lighting Life Cycle Planning Scenarios

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICES

STRATEGY C
STRUCTURAL
INSPECTION

Knockdowns

$1,978

Every 5 years

Every 5 years

Every 5 years

Reactive Maintenance

$1,841

Every 4 years

Every 5 years

Every 5 years

Electrical Inspection

$55

None

Every 5 years

Every 5 years

Replace LED Indications

$500

None

Every 15 years

Every 15 years

Structural Inspection

$140

None

None

Every 5 years

EXPECTED LIFE
MNDOT EUAC PER
STRUCTURE

N/A

30 YEARS

30 YEARS

40 YEARS

N/A

$307

$317

$295

TREATMENTS

Pedestrian Infrastructure
Responsibility for inspections and maintenance varies on sidewalks and ramps
along state highways. In some cases, MnDOT has agreements with the local
government to inspect and maintain pedestrian infrastructure. Frequency
of local inspections can vary but are generally completed every five years.
MnDOT schedules inspections every 10 years with the last full inspection
completed in 2013.
Minor rehabilitation activities generally address any heaving or height
differences between adjacent concrete slabs removing the hazard. This
includes grinding the slab, slabjacking (raising a sunken slab), or removing
vegetation that may be causing the slab to become uneven. These
rehabilitation treatments are more commonly used on sidewalks than curb
ramps.
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Figure 6-23: Curb Ramps Life Cycle Planning Scenarios

TYPICAL COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICES

STRATEGY C
STRUCTURAL
INSPECTION

Structural Inspection

$100

None

Every 10 years

Every 10 years

Grinding/Slabjacking/
Vegetation removal

$250

None

None

Every 5 years

N/A

20 YEARS

20 YEARS

21-35 YEARS

N/A

$228

$232

$41-233

TREATMENTS

EXPECTED LIFE
MNDOT EUAC
PER RAMP

LIFE CYCLE PLANNING SCENARIOS
The pedestrian infrastructure life cycle analysis included three scenarios shown
in Figure 6-23 for curb ramps. The minimum maintenance scenario included
only reactive maintenance, with the maintenance costs estimated using
data from TAMS. Scenario B added structural inspection every 10 years to
match MnDOT's current practice. Scenario C added a rehabilitation treatment
including grinding, slabjacking or vegetation removal every five years, which
was anticipated to increase the expected life of the curb ramp by up to 15
years.
The pedestrian infrastructure life cycle analysis included three scenarios
shown in Figure 6-24 per sidewalk (300 ft. block). The minimum maintenance
scenario included only reactive maintenance, with the maintenance costs
estimated using data from TAMS. Scenario B added structural inspection every
10 years to match MnDOT's current practice. It also added a rehabilitation
treatment including grinding, slabjacking or vegetation removal. Scenario C
added a panel replacement every 10 years, which was anticipated to increase
the expected life of the sidewalk by up to 20 years.

Figure 6-24: Sidewalk Life Cycle Planning Scenarios

TYPICAL
COSTS

STRATEGY A
MINIMUM
MAINTENANCE

STRATEGY B
CURRENT
PRACTICES

STRATEGY C
STRUCTURAL
INSPECTION

Inspection

$100

None

Every 10 years

Every 10 years

Grinding/
Slabjacking/
Vegetation removal

$250

None

Every 20 years

Every 20 years

Panel
Replacements

$200

None

None

Every 10 years

N/A

40 YEARS

40 YEARS

41-60 YEARS

N/A

$183

$269

$133-293

TREATMENTS

EXPECTED
LIFE
MNDOT EUAC
PER SIDEWALK
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KEY TAKEAWAYS
Structural inspection and maintenance will increase the life of the pedestrian
infrastructure, reduce risk, and lower annual costs for pedestrian ramps. If
sidewalk life increases 10+ years then the annual cost of Scenario 3 is lowest.
Pedestrian infrastructure life cycle planning includes compliance as well as
structural condition information. ADA compliance includes non-condition items
such as obstructions or non-compliant slopes.

Buildings
MnDOT's Building Services section completed an inspection of all buildings
in 2014. By statute all agencies with real property are required to report to
the Department of Administration the condition of their buildings every year
on September 1. Every facility and the systems that make-up the facility are
inspected once every three years. The inspections are conducted by one or
two MnDOT staff from each district and take about 40 hours for each staff
member.
LIFE CYCLE PLANNING SCENARIOS
Figures 6-225 through 6-40 show the treatment strategies for each building
system, rather than for a "typical" building, since building types vary.
Figure 6-25: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station/Small Truck Storage Facility/Salt Shelters - Foundation/Slabs/Exterior Walls/Roof Structure

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Preventive maintenance (Walls)

Sq. Ft

$0.90

Installation

Preventive Maintenance (Slabs)

Sq. Ft

$1.75

Poor to Very Poor

Minor Rehabilitation (Walls)

Sq. Ft

$8.50

As Needed

Minor Rehabilitation (Slabs)

Sq. Ft

$7

As Needed

Replacement (Walls)

Sq. Ft of Bldg. Gross
Sq. Footage

$19.75

Figure 6-26: Typical Life Cycle Management Strategy for Treatments and Costs for Heated Equipment Storage/Unheated Equipment
Storage/Brine Facility - Foundation/Slabs/Exterior Walls/Roof Structure

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Preventive maintenance (Metal
Panel Walls)

Labor Hrs.

8

Installation

Preventive maintenance (Slabs)

Sq. Ft

$1.75

As Needed

Replacement (Metal Panel Walls)

Sq. Ft

$16
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Figure 6-27: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station/Small Truck Storage Facility/Heated Equipment Storage/Unheated Equipment Storage/Brine Facility - Exterior Doors and Windows

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Good to Poor

Routine/Preventive maintenance

Door or Window

$35

Poor to Very Poor

Minor Rehabilitation

Door or Window

$350

Very Poor

Full Replacement

Sq. Ft of Bldg. Gross
Sq. Footage

$5

Figure 6-28: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station/Small Truck Storage Facility - Roofing

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Routine Maintenance

Total

$225

Very Poor (25 years)

Full Replacement

Sq. Ft

$12

Figure 6-29: Typical Life Cycle Management Strategy for Treatments and Costs for Heated Equipment Storage/Unheated Equipment
Storage/Brine Facility - Roofing

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Replacement (Metal Roof)

Sq. Ft

$16

Figure 6-30: Typical Life Cycle Management Strategy for Treatments and Costs for Salt Shelters - Roofing

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Yearly

Routine Maintenance

Labor Hrs.

$16

Very Poor (25 years)

Replacement (Fabric)

Sq. Ft

$12

Figure 6-31: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station/Small Truck Storage Facility - Interior Finishes

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Good to Fair

Routine Maintenance (Carpet)

Sq. Ft

$0.30

Not Typically Done

Routine Maintenance (Wall Finishes)

Sq. Ft

$0.67

PAGE

20-25 Years/Poor to Very Poor

Replacement (Carpet)

Sq. Ft

$5.75

20-25 Years/Poor to Very Poor

Replacement (Wall Finishes)

Sq. Ft

$2.75

20-25 Years/Poor to Very Poor

Replacement (Ceiling Tiles)

Sq. Ft

$8.88
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Figure 6-32: Typical Life Cycle Management Strategy for Treatments and Costs for Brine Facility - Interior Finishes

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Routine Maintenance (Wall Finishes)

Labor Hrs.

8

20-25 Years/Poor to Very Poor

Replacement (Wall Finishes)

Sq. Ft

$2.75

Figure 6-33: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility - HVAC Systems

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Ongoing

Preventive maintenance

Sq. Ft per Year

$0.65

10-30 Years

Minor Rehabilitation

Sq. Ft per 15 Years

$1.50

Poor

Replacement (Boiler + Chiller)

Sq. Ft

$5.50

Figure 6-34: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station - Electrical and Lighting

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Routine Maintenance

Labor Hrs. (MnDOT)

$0

As Required (40 year life expectancy)

Replacement (Switchgear/Sub-Panels)

Sq. Ft

$16

As Needed

Replacement (Light Fixtures)

Sq. Ft

$5.25

Figure 6-35: Typical Life Cycle Management Strategy for Treatments and Costs for Heated Equipment Storage/Unheated Equipment
Storage/Brine Facility - Electrical and Lighting

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Routine Maintenance

Labor Hrs. (MnDOT)

$0

As Required (40 year life expectancy)

Full Replacement

Sq. Ft

$14.50

Figure 6-36: Typical Life Cycle Management Strategy for Treatments and Costs for Salt Shelter - Electrical and Lighting

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Routine Maintenance

Labor Hrs. (MnDOT)

$0

As Required

Full Replacement

Sq. Ft

$14.50
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Figure 6-37: Typical Life Cycle Management Strategy for Treatments and Costs for Small Truck Storage Facility - Electrical and Lighting

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Not Typically Done

Routine Maintenance

Labor Hrs. (MnDOT)

$0

As Required (40 year life expectancy)

Replacement

Sq. Ft

$21.25

Figure 6-38: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station/Small Truck Storage Facility/Brine Facility - Plumbing and Fixtures

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

As Needed (40+ year life expectancy)

Replacement (Piping + Fixtures)

Sq. Ft

$14.25

Sq. Ft

$0.07

Replacement (Water Heaters)

Poor (15 year life expectancy)

(Does Not Apply to Brine Facilities)

Figure 6-39: Typical Life Cycle Management Strategy for Treatments and Costs for Large Warehouse/Office Facility/Rest Area/Weigh
Station/Small Truck Storage Facility - Communication, Security, and Fire Alarm Systems

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

15-20 years

Replacement (Fire Alarm)

Sq. Ft

$5.60

15-20 years

Replacement (Electronic Lock
System)*Only Large Warehouse/
Office Facility/Weigh Station

Sq. Ft

$1.90

15-20 years

Replacement (Communications)

Sq. Ft

$1.90

Figure 6-40: Typical Life Cycle Management Strategy for Treatments and Costs for Weigh Station - Scale Mechanisms

TYPICAL AGE (YEARS) OR CONDITION
LEVEL WHEN TREATMENT IS APPLIED

TREATMENT

UNIT

COST/
UNIT

Poor

Replacement

Scale Mechanism

$120,250

KEY TAKEAWAYS
Due to the complexities of having several systems with differing expected lives
per building type, life cycle cost analyses were not performed. In achieving
optimal life cycle planning for buildings, it is important to perform timely
preventive maintenance and replacement activities in order to extend the life of
certain individual building systems (e.g., doors and windows).
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ITS Infrastructure
There are 14 different ITS infrastructure assets included in TAMP. Each asset
has different life cycles, inspection frequencies and maintenance activities.
For example, dynamic message signs are inspected annually. This includes
checking the fan, pixel board, power supply, as well as checking for animal
infestations, leaks and debris.
Rehabilitation activities include fan replacement, pixel board replacement
and power supply replacement. Most of the responsibility for inspecting and
maintaining ITS assets falls on MnDOT district staff, especially for Metro
District, which has a majority of all ITS assets statewide.
LIFE CYCLE PLANNING SCENARIOS
A life cycle analysis was completed on dynamic message signs as an example
of ITS infrastructure in Figure 6-41. The dynamic message signs life cycle
analysis included two scenarios. The minimum maintenance scenario does not
include any preventive or reactive maintenance. Scenario B added a scheduled
fan replacement every four years, pixel board replacement every 10 years,
and power supply replacement every 13 years. This scenario was anticipated
to increase the expected life of dynamic messages signs from six years to 15
years.
KEY TAKEAWAYS
Scenario B was anticipated to increase the expected life of dynamic
messages signs from six years to 15 years. In addition, the annual cost per
sign decreased from $8,493 to $286. This is primarily due to having the sign
last over twice as long with inspections and rehabilitation treatments. A risk
not incorporated into this analysis is that of technology changing. Life cycle
planning for ITS assets can prove be difficult due to technology changes and
how new technologies may change life cycles.
Figure 6-41: Dynamic Message Signs Life Cycle Planning Scenarios

TYPICAL COSTS

STRATEGY A
MINIMUM MAINTENANCE

STRATEGY B
CURRENT PRACTICES

Filter Change

$250

None

Annual

Fan Replacement

$250

None

Every 4 years

Pixel Board Replacement

$250

None

Every 10 years

Power Supply Replacement

$250

None

Every 13 years

EXPECTED LIFE
MNDOT EUAC PER
SIGN

N/A

6 YEARS

15 YEARS

N/A

$8,493

$286

TREATMENTS
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Summary of Life Cycle Cost Estimates
The information presented in the previous analyses provides insight into
MnDOT's desired preservation practices and illustrates how much it costs
per year to maintain an asset when costs are presented in an Equivalent
Uniform Annual Cost or "today's dollars" format. The information shows
that timely preservation work is very effective in reducing life cycle costs for
pavements, bridges and other assets, primarily by extending the service
life of these assets. Currently, MnDOT does not have fully implemented
tools, nor sufficiently nuanced historical and forecasting data, to optimize all
preservation practices objectively. However, numerous improvements have
been made across all asset classes referenced as a result of increased focus
since preparation of the pilot TAMP. As a result, greater cost savings could be
achieved through fine-tuning the timing and application of preservation actions
given continually improving deterioration and treatment effectiveness data.
MnDOT does believe that its culture embraces and applies asset management
principles at a relatively high level, nonetheless.
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Improving Life Cycle Management
In transportation asset management, state-of-the art life cycle management
is quantitative and scientific, based on research and analysis of historical
condition and performance data. Predictive models for deterioration, cost,
action effectiveness, and risk allow an agency to reliably forecast the outcomes
of policies and programming decisions. Combined with the ability to generate
policy and program alternatives, this approach enables better-informed
decision-making. See Figure 6-42 for a cross-asset comparison of annualized
life cycle costs.
Figure 6-42: Annualized Life Cycle Cost Estimates by Asset

ASSET CLASS

ANNUALIZED COST RANGE

Pavements (flexible)

$12,000 - $12,560 per lane-mile

Pavements (rigid)

$18,940 - $21,170 per lane-mile

Bridges

$36,000 - $56,000 per bridge

Highway Culverts

$356 - $507 per small culvert

Overhead Sign Structures

$209 - $867 per structure

High-Mast Light Tower Structures

$1,774 - $1,812 per structure

Noise Walls (concrete)

$2,137 - $3,968 per structure

Noise Walls (wood panel)

$1,874 - $4,348 per structure

Signals

$7,362 - $10,816 per signal

Lighting Poles

$295 - $317 per structure

Pedestrian Infrastructure (curb ramp)

$41 - $233 per ramp

Pedestrian Infrastructure (sidewalk)

$133 - $293 per sidewalk (300 ft block)

Buildings

Not calculated

ITS (dynamic message signs)

$286 - $8,493 per sign

MnDOT has a culture of embracing continuous improvement. As evidence, note
that a high number of improvements identified in the pilot TAMP have been
completed at this time as shown in Chapter 9: Implementation and Future
Developments. MnDOT also invited an FHWA contractor to perform an asset
management gap assessment, and is implementing the recommendations
of that effort. MnDOT will continue to identify and pursue solutions to more
nuanced issues as it nears its goals of comprehensive and holistic asset life
cycle management.
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