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EXECUTIVE SUMMARY

Overview

In accordance with the Moving Ahead for Progress in the 21st Century Act 

(“MAP-21” – the federal transportation authorization signed into law on July 6, 

2012), the Minnesota Department of Transportation (MnDOT) has developed 

LWV�¿UVW�HYHU�7UDQVSRUWDWLRQ�$VVHW�0DQDJHPHQW�3ODQ��7$03���,W�ZDV�D�
collaborative effort, guided by a TAMP Steering Committee with representation 

IURP�D�ZLGH�UDQJH�RI�0Q'27�RI¿FHV�DQG�GLVWULFWV��DV�ZHOO�DV�IURP�WKH�
agency senior leadership. MnDOT also worked closely with the Federal 

Highway Administration (FHWA), the FHWA Minnesota Division, and regional 

partners (e.g. Metropolitan Planning Organizations, Regional Development 

Commissions) to create this plan.  As a national pilot project, MnDOT’s TAMP, 

along with those produced by Louisiana Department of Transportation and 

Development and New York State Department of Transportation will serve as 

an example and guide for other states as they develop TAMPs of their own.

The TAMP will continue to, and in fact already has improved infrastructure 

management at the agency. Using the TAMP as a guide, MnDOT will more 

thoroughly analyze life-cycle costs, evaluate risks and develop mitigation 

strategies, establish asset condition performance measures and targets, and 

develop investment strategies. The TAMP will also serve as an accountability 

and communication tool and will inform established capital and operations 

planning efforts.

This TAMP document is accompanied by a TAMP Technical Guide, which 

provides further detail about the process, methodology analyses, and 

procedures used during its development. The TAMP Technical Guide has been 

designed to roughly parallel the main TAMP with nine sections, each of which 

FRUUHVSRQGV�WR�D�VSHFL¿F�7$03�FKDSWHU��6SHFL¿F�HOHPHQWV�LQ�WKH�JXLGH�DUH�
referenced and hyperlinked throughout the TAMP.
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Figure ES-1: Minnesota’s State Highway System 

Pavements*

NHS Pavements:  7,595 roadway miles

Non-NHS Pavements:  6,736 roadway miles

Bridges*

NHS Bridges:  1,951 (count)

Non-NHS Bridges:  2,592 (count)

Hydraulic Infrastructure

Highway Culverts:  47,157 (count)

Deep Stormwater Tunnels:  7 tunnels

(50 segments; 69,272 linear feet)

Other Traffic Structures

Overhead Sign Structures:  2,359 (count)

High-Mast Light Tower Structures:  476 (count)

*Locally-owned inventory not included

NHS Interstate
NHS Non-Interstate
Non-NHS

Minnesota State Highway 
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Background

Minnesota’s 14,000-mile state highway system – constructed, operated, 
managed, and maintained by MnDOT – is critical to the state’s economic 
competitiveness and quality of life. Successful administration of such an 
extensive and complex system relies on sound investment strategies and 
management practices. To this end, MnDOT has used performance measures 
to inform management and investment decisions since the mid-1990s; these 
were made a formal part of MnDOT’s statewide planning processes in 2003.

With the passage of MAP-21 each state transportation department is required 
to develop a risk-based TAMP for all pavements and bridges on the National 
Highway System (NHS). Because MnDOT had already begun to implement 
asset management principles prior to the MAP-21 legislation, it was in a 
good position to expand beyond MAP-21 requirements.  This TAMP includes 
pavements and bridges on the entire state highway system as well as 
several smaller asset categories: highway culverts, deep stormwater tunnels, 
overhead sign structures, and high-mast light tower structures (see Figure 
ES-1). Additional asset categories will be included in future MnDOT asset 
management planning initiatives.

Performance Measures and Targets

MnDOT’s performance-based approach to asset management relies on 
measures to assess system performance, identify needs, and develop 
investment priorities. Historically, these measures have included pavement ride 
quality and bridge condition and are used, along with targets for each measure, 
to develop the 20-year State Highway Investment Plan (MnSHIP). Additional 
performance measures, tracking things like culvert and stormwater tunnel 
FRQGLWLRQ��KDYH�EHHQ�PRQLWRUHG�DQG�XVHG�LQWHUQDOO\�IRU�PDQDJLQJ�DVVHW�VSHFL¿F�
programs, but not for establishing investment priorities. 

As part of the TAMP process, MnDOT experts further developed performance 
measures and targets for several of these ancillary asset categories and 
recommended them for formal inclusion in future iterations of MnSHIP. Figure 
ES-2 explains the performance measures for each asset category included in 
the TAMP, along with MnSHIP targets where they exist.

MnDOT expanded beyond the MAP-21 
required assets.

ASSETS MnDOT
TAMP

MAP-21
REQUIRED

Pavement 9 9

Bridges 9 9

Highway Culverts 9

Deep Storm Tunnels 9

Overhead Signs 9

High-mast Lights 9
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Asset Inventory and Condition

A considerable amount of information is needed to develop a robust TAMP. 
For the pavements and bridges, this information was, for the most part, readily 
available in MnDOT’s pavement and bridge management systems. For other 
asset categories, data were less complete or accessible. Condition inspections 
are performed less consistently on deep stormwater tunnels, overhead 
sign structures, and high-mast light tower structures, resulting in limited 
maintenance histories and asset condition deterioration rates for these asset 
categories.

MnDOT is using the TAMP process to assess the maturity level of the 
maintenance and management of many of its assets, to identify process 
improvements that will help manage them more effectively, and to apply these 
principles to other MnDOT asset groups. Folios were created for each asset 
category to summarize inventory, estimate replacement value, and report on 
data collection, management technique, reporting practices, current condition, 
recommended targets, and planned investment levels over the next 10 years. 
Figure ES-3 summarizes the system-wide replacement values for the asset 
categories included in the TAMP.

Figure ES-2: Performance Measures By Asset Type

ASSET TYPE PERFORMANCE MEASURE MNSHIP (2013)
TARGET

Pavements Share of system with lane miles with Poor ride quality
������1+6�
������1RQ�1+6�

Bridges NHS bridges in Poor condition as a percent of total NHS bridge deck area
������1+6�
������1RQ�1+6�

Highway Culverts Share of culverts in Poor or Very Poor condition NA

Deep Stormwater Tunnels
Tunnels in Poor and Very Poor condition, measured as a percent of total tunnel 
system length

NA

Overhead Sign Structures Share of overhead sign structures in Poor or Very Poor condition NA

High-Mast Light Tower Structures Share of High-Mast Light Tower Structures in Poor or Very Poor condition NA

Notes: MnDOT uses multiple measures to evaluate the effectiveness of its pavement and bridge management activities. The measures listed here are those used to 
calculate MnDOT’s performance-based investment needs. For a more comprehensive listing of MnDOT’s pavement performance measures, see the 2013 Pavement 
Condition Annual Report. Additional bridge measures can be found in MnDOT’s Annual Transportation Performance Report.
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Figure ES-3: Replacement Cost by Asset Category

ASSET CLASS REPLACEMENT 
COST

Pavements $29.5 billion
Bridges (includes large bridges and culverts greater than 10 feet) $6.6 billion
Hydraulic Infrastructure: Highway Culverts $1.7 billion
Hydraulic Infrastructure: Deep Stormwater Tunnels $300 million
2WKHU�7UDI¿F�6WUXFWXUHV��2YHUKHDG�6LJQ�6WUXFWXUHV $200 million
2WKHU�7UDI¿F�6WUXFWXUHV��+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV $19 million

Risk Management

Risk – or the effect of uncertainty on objectives – can help a transportation 
agency more successfully plan for possible system and program disruptions 
and complications, mitigate potential consequences, and improve agency and 
infrastructure resiliency. 

Even before MAP-21, risk management had been a focus area for MnDOT, 
implemented throughout the agency from high level investment, management, 
and operations plans to individual asset management programming processes. 
MnDOT began developing the risk section of the TAMP with an exercise 
designed to focus on “global” risks (e.g. natural events, operational hazards) 
and their effects on the assets, the public, and the agency. Discussions were 
held with in-house technical experts to assess the major risks related to each 
asset category. 

Upon further deliberation, the technical experts and the project management 
team concluded that MnDOT’s current practices were already mindful of 
many global risks and that the agency (and the public it serves) would 
EHQH¿W�PRUH�LI�WKH�7$03�HPSKDVL]HG�³XQGHUPDQDJHG�ULVNV´�±�DUHDV�LQ�ZKLFK�
there were clear opportunities for improvement at MnDOT. After pivoting to 
this concept and removing from the list those risks that were already well-
PDQDJHG�E\�WKH�DJHQF\��D�¿QDO�OLVW�RI�XQGHUPDQDJHG�ULVNV�DQG�DVVRFLDWHG�
risk mitigation strategies was presented to the TAMP Steering Committee for 
prioritization. Figure ES-4 displays the prioritized mitigation strategies, which 
were used to establish investment priorities and to amend existing business 
processes to improve the management of assets at MnDOT. Chapter 9 of 
the TAMP includes a similar table (Figure 9-2) which also includes estimated 
FRVWV��H[SHFWHG�LPSOHPHQWDWLRQ�WLPHIUDPHV��DQG�LQGLYLGXDO�0Q'27�RI¿FH�
responsibilities for each strategy.
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Figure ES-4: Prioritized Strategies for Mitigating Undermanaged Risks

PRIORITY LEVEL 1 STRATEGY PURPOSE(S)
Annually track, monitor, and identify road segments that 
KDYH�EHHQ�LQ�3RRU�FRQGLWLRQ�IRU�PRUH�WKDQ�¿YH�\HDUV�DQG�
consistently consider them when programming.

To provide additional information when prioritizing projects; to highlight roads 
that have been in Poor condition for an extended period of time; to help 
MnDOT improve level of service for customers statewide

Address the repairs needed on the existing South I-35W 
deep stormwater tunnel system.

To improve condition of South I-35W deep stormwater tunnel; to alleviate 
safety concerns and reduce overall percentage of deep stormwater tunnel 
system in Poor and Very Poor condition (thereby helping MnDOT meet 
targets)

Investigate the likelihood and impact of deep 
stormwater tunnel system failure.

To improve understanding of the likelihood for failure of the deep stormwater 
tunnel system (located entirely in MnDOT’s Metro District) and the likely 
impacts of such an event; to aid planning and management of the system

Develop a thorough methodology for monitoring 
highway culvert performance.

To increase availability of information; to develop a systematic and objective 
methodology to monitor culverts; to manage culverts more effectively

Develop and adequately communicate construction 
VSHFL¿FDWLRQV�IRU�overhead sign structures and high-
mast light tower structures.

To prevent installation problems that lead to premature deterioration and 
reduced asset life; to ensure that MnDOT inspectors and vendors understand 
and adhere to requirements (e.g. torque thresholds)

Track overhead sign structures and high-mast light 
tower structures in a Transportation Asset Management 
System (TAMS).

To more deliberately and effectively manage these asset categories; to 
include more assets in TAMS, thereby improving cross-asset tradeoff 
decision-making

PRIORITY LEVEL 2 STRATEGY PURPOSE(S)
Collect and evaluate performance data on ramps, 
auxiliary lanes, and frontage road pavements for the 
highway system in the Twin Cities Metro Area.

7R�GHWHUPLQH�FXUUHQW�LQVSHFWLRQ�SURFHGXUH�LV�VXI¿FLHQWO\�FDSWXULQJ�QHHGV��WR�
more effectively manage non-mainline highway pavements

Augment investment in bridge maintenance modules 
and develop related measures and tools for reporting 
and analysis.

To develop performance models to predict changes in bridge performance 
over time; to more effectively manage bridges

Include highway culverts in TAMS.
To more deliberately and effectively manage highway culverts; to include 
more assets in TAMS, thereby improving cross-asset tradeoff decision-
making

Place pressure transducers in deep stormwater 
tunnels with capacity issues.

To place pressure transducers in deep stormwater tunnels that will collect 
EHWWHU�FDSDFLW\�VSHFL¿F�GDWD�VXFK�DV�SUHVVXUH�LPSDFW�E\�ZDWHU�YROXPH

Incorporate the deep stormwater tunnel system into the 
bridge inventory.

To improve regularity of deep stormwater tunnel inspections by adding the 
tunnel system to the bridge inventory, with inspection frequency tied to 
reported condition

'HYHORS�D�SROLF\�UHTXLULQJ�D�¿YH�\HDU�LQVSHFWLRQ�
frequency for overhead sign structures, as well as 
related inspection training programs and forms.

To establish a formal inspection program for overhead sign structures, based 
on MnDOT’s best knowledge of structure condition, deterioration rates, and 
inspection needs

PRIORITY LEVEL 3 STRATEGY PURPOSE(S)
Repair or replace highway culverts in accordance 
with recommendations from the TAMS (once it is 
implemented).

To improve overall system quality and management; to meet newly 
established and vetted asset targets
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Life-Cycle Cost Analysis

Asset management helps to minimize the total cost of managing transportation 

assets in part by focusing on all phases of an asset’s life-cycle (see in Figure 
ES-5). When a new road is built, the state is committing 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 facilities as cost-effectively 

as possible over their entire lives, and to be mindful of life-cycle costs when 

making decisions about an asset.

Figure ES-5: Phases in a Typical Asset Life-Cycle

The life-cycle analyses conducted as part of this TAMP involved comparing 

several different improvement strategies for each asset type in order to 

determine which of the strategies was most cost-effective over an extended 

period. Analysis periods of various lengths were used for different asset 

categories based on the desire to include one full reconstruct (replacement) 

cycle for each asset.

At least two improvement strategies were analyzed for each asset – a “typical” 

strategy, which considered the types of treatments normally performed by 

0Q'27��DQG�D�³ZRUVW�¿UVW´�VWUDWHJ\��ZKLFK�DVVXPHG�OLPLWHG�LPSURYHPHQWV�DQG�
that each asset would be allowed to deteriorate to the point that it needed to be 

replaced. A third strategy, referred to as the “desired” strategy, was considered 

for pavements only (due to a lack of data for other assets) and followed the 

treatment intervals suggested as ideal in MnDOT’s Pavement Design Manual.
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The results of the analyses are presented in Chapter 6 of this document; 
Figure ES-6�GLVSOD\V�WKH�UHVXOWV�IRU�WKH�SDYHPHQW�DVVHW�FDWHJRU\��7KH�¿UVW�
chart represents the total costs of each investment strategy over the analysis 
SHULRG��H[FOXGLQJ�WKH�LQLWLDO�FDSLWDO�LQYHVWPHQW���$V�LOOXVWUDWHG��WKH�ZRUVW�¿UVW�
VWUDWHJ\�LV�VLJQL¿FDQWO\�PRUH�H[SHQVLYH�WKDQ�WKH�W\SLFDO�RU�GHVLUHG�VWUDWHJ\��
indicating that MnDOT’s typical improvement strategies are relatively cost-
effective. The second chart shows future MnDOT capital and maintenance 
commitments for each new asset constructed (again, excluding the initial 
investment). Thus, for every $1.00 initially invested in a new lane-mile of 
SDYHPHQW��0Q'27�ZLOO�QHHG�WR�SODQ�IRU�EHWZHHQ�������DQG�������LQ�DGGLWLRQDO�
capital and maintenance costs over the remainder of the analysis period. The 
total life-cycle costs vary by the investment strategy (typical, desired, worst-
¿UVW��

Figure ES-6: Pavement Life-Cycle Cost Results
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Figure ES-7 summarizes the annualized life-cycle costs for each of the asset 
categories included in the TAMP.

Financial Plan and Investment Strategies

When developing investment priorities, MnDOT accounts for various factors, 
including revenue trends, federal and state law, level-of-service provided by 
the system, and public input. Over the next 10 years, MnDOT’s priorities – 
as described in it’s 20-year State Highway Investment Plan (MnSHIP) and 
illustrated in Figure ES-8 – will aim to balance investments that preserve 
existing infrastructure with investments in safety, multimodal transportation, 
and other projects that improve economic competitiveness and quality of life in 
Minnesota.

Figure ES-7: Asset Annualized Life-Cycle Costs

ASSET CLASS ANNUALIZED COST
Pavements $12,000 per lane-mile
Bridges: Large Bridges $16,000 per bridge
Bridges: Culverts 10 feet or greater $1,300 per large culvert
Hydraulic Infrastructure: Highway Culverts $150 per small culvert
Hydraulic Infrastructure: Deep Stormwater Tunnels $30,000 per mile of tunnel
2WKHU�7UDI¿F�6WUXFWXUHV��2YHUKHDG�6LJQ�6WUXFWXUHV $900 per structure
2WKHU�7UDI¿F�6WUXFWXUHV��+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV $400 per structure

)LJXUH�(6����&DSLWDO�,QYHVWPHQWV  

PC
$2.89B (38.1%)

BC
$1.53B (20.2%)

RI
$670M
(8.8%)

TS
$320M
(4.2%)

TC
$520M (6.9%)

PS
$870M
(11.5%)RC

$570M
(7.5%)BI

$100M
(1.4%)

AP
$120M 
(1.6%)

IR
$0 (0%)

PC Pavement Condition

BC Bridge Condition

RI Roadside Infrastructure

TS Traveler Safety

TC Twin Cities Mobility

IR Interregional Corridor Mobility

BI Bicycle Infrastructure

AP Accessible Pedestrian Infrastructure

RC Regional + Community Investment Priorities

PS Project Support
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Figure ES-9: Targets and Planned or Needed Investment to Achieve Targets 

ASSET CURRENT 
CONDITION

TARGET
RECOMMENDATION  INVESTMENT*

Pavement:
Interstate

�����3RRU �����3RRU $392 million

Pavement: 
Non-Interstate NHS

�����3RRU �����3RRU $1.13 billion

Pavement:
Non-NHS

�����3RRU ������3RRU ������ELOOLRQ

Pavement:
Total

NA NA $2.9 billion

Bridge:
NHS

�����3RRU �����3RRU $1.10 billion

Bridge: 
Non-NHS

�����3RRU �����3RRU $430 million

Bridge: 
Total

NA NA $1.53 billion

Hydraulic Infrastructure: 
Highway Culverts

����3RRU�
���9HU\�3RRU

�����3RRU�
�����9HU\�3RRU

$ 400 million

Hydraulic Infrastructure: 
Deep Stormwater 
Tunnels

����3RRU�
����9HU\�3RRU

�����3RRU�
�����9HU\�3RRU

$ 35 million (condition) + 
$1.6 million (inspection)

2WKHU�7UDI¿F�6WUXFWXUHV��
Overhead Sign 
Structures

���3RRU�
���9HU\�3RRU

�����3RRU�
�����9HU\�3RRU

���PLOOLRQ

2WKHU�7UDI¿F�6WUXFWXUHV��
High-Mast Light Tower 
Structures

���3RRU�
����9HU\�3RRU

TBD TBD

3DYHPHQW�DQG�EULGJH�¿JXUHV�UHSUHVHQW����\HDU�SODQQHG�LQYHVWPHQW�WR�PHHW�WDUJHWV��K\GUDXOLF�,QIUDVWUXFWXUH�DQG�RWKHU�WUDI¿F�
VWUXFWXUHV�¿JXUHV�UHSUHVHQW����\HDU�QHHGHG�LQYHVWPHQW�WR�PHHW�WDUJHWV�

Rather than replace the sound, publicly-vetted investment direction provided 
in MnSHIP, Chapter 8�RI�WKH�7$03�VHHNV�WR�EXLOG�XSRQ�DQG�IXUWKHU�UH¿QH�WKH�
¿QDQFLDO�GLUHFWLRQ�RI�WKDW�GRFXPHQW��)RU�LQVWDQFH��ZKLOH�0Q6+,3�JURXSV�PDQ\�
non-pavement and non-bridge assets together in a “Roadside Infrastructure” 
category (see Figure ES-8), the TAMP individually addresses and 
recommends targets for several of the constituent asset categories – highway 
culverts, deep stormwater tunnels, overhead sign structures, and high-mast 
light tower structures. These targets, and the investment levels needed to 
reach them, are included in Figure ES-9, along with the pavement and bridge 
targets and planned investments from MnSHIP. 
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Implementation and Future Developments 

While meeting federal requirements is an important objective, MnDOT’s 

primary reason for developing this TAMP is to improve the management of 

Minnesota’s transportation assets, with special focus on risk and life-cycle 

costs. Success will be largely determined by the extent to which the principles 

and initiatives outlined in this document are incorporated, along with existing 

plans, into MnDOT’s business practices. 

To support this, MnDOT has established an Asset Management (governance) 

Steering Committee that is responsible for developing, updating, and 

monitoring the enhancements described in Chapter 9 of the TAMP as well as 

other asset management planning initiatives.  As a result of the TAMP process 

and other parallel asset management initiatives, several enhancements 

are currently underway.  This includes collection of better maintenance 

data to improve life-cycle costs for assets included in this TAMP, initiation 

of a Transportation Asset Management System, programming of funds for 

rehabilitation of the I-35 south deep stormwater tunnel, and development of 

an Overhead Sign Structure inspection policy.
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INTRODUCTION
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INTRODUCTION
Overview

The 14,000-mile state highway system1 constructed, operated, managed, 

and maintained by the Minnesota Department of Transportation (MnDOT) 

represents 74 percent of the State-owned capital assets. This transportation 

network is critical to Minnesota’s economic competitiveness and quality 

of life, providing transportation connections that are necessary for thriving 

communities and successful businesses. It is imperative to maintain the 

performance and value of the state transportation assets to enable Minnesota 

to continue to provide safe and high-level service to its citizens.

Successful management of the state highway system relies on sound 

investment strategies that consider constituent input, legislative requirements, 

HQJLQHHULQJ�QHHGV��DQG�¿VFDO�FRQVWUDLQWV��6LQFH�WKH�����V��0Q'27�KDV�XVHG�
performance management tools to evaluate its services and to guide its plans, 

projects, and investment strategies. 

Purpose

On July 6, 2012, the Moving Ahead for Progress in the 21st Century Act 

�0$3�����ZDV�VLJQHG�LQWR�ODZ��,W�LV�WKH�¿UVW�ORQJ�WHUP�KLJKZD\�DXWKRUL]DWLRQ�
enacted since 2005 to fund surface transportation programs. MAP-21 creates 

a streamlined, performance-based, and multimodal program to address the 

many challenges facing the nation’s transportation system. These challenges 

include improving safety, maintaining infrastructure condition, reducing 

WUDI¿F�FRQJHVWLRQ��LPSURYLQJ�HI¿FLHQF\�RI�WKH�V\VWHP�DQG�IUHLJKW�PRYHPHQW��
protecting the environment, and reducing delays in project delivery2. 

Under MAP-21, performance management transforms federal highway 

SURJUDPV�DQG�SURYLGHV�D�PHDQV�WR�PRUH�HI¿FLHQW�LQYHVWPHQW�RI�IHGHUDO�
transportation funds. It focuses on national transportation goals, increasing 

the accountability and transparency of the federal highway programs, and 

improving transportation investment decision making through performance-

based planning and programming.

MAP-21 requires states to develop a risk-based asset management 

plan (i.e. TAMP) for the National Highway System (NHS) to improve or 

preserve the condition of the assets and the performance of the system. 

Figure 1-1�VXPPDUL]HV�WKH�FKDUDFWHULVWLFV�DQG�EHQH¿WV�RI�D�WUDQVSRUWDWLRQ�
asset management program3. The legislation focuses on the development 

�� 0Q'27¶V�2I¿FH�RI�0DWHULDOV�DQG�5RDGV�5HVHDUFK�FROOHFWV�SDYHPHQW�FRQGLWLRQ�GDWD�DQQXDOO\�
RQ��������VWDWH�KLJKZD\�V\VWHP�URDGZD\�PLOHV��³5RDGZD\�PLOHV´�LV�HTXDO�WR�WKH�WRWDO�RI�XQGLYLGHG�
centerline miles of road in addition to two times the number of divided centerline roads.

2 http://www.fhwa.dot.gov/map21

3 Adapted from FHWA 2006, available online at: http://www.fhwa.dot.gov/infrastructure/

asstmgmt/tpamb.cfm

http://www.fhwa.dot.gov/map21
http://www.fhwa.dot.gov/infrastructure/asstmgmt/tpamb.cfm
http://www.fhwa.dot.gov/infrastructure/asstmgmt/tpamb.cfm
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of a TAMP for bridges and pavements on the NHS, but encourages states 
to include other infrastructure assets within the right-of-way corridor.

MnDOT elected to expand the TAMP beyond the MAP-21 requirements and 
include pavements and bridges on the entire state highway system as well as 
highway culverts, deep stormwater tunnels, overhead sign structures, and high-
mast light tower structures (see Figure 1-2). Because MnDOT had already 
begun the implementation of asset management principles prior to MAP-21 
legislation, it was in a better position to expand beyond the requirements of 
MAP-21.

Chapter 4: Asset Inventory and Condition includes folios that describe each 
asset category in greater detail. 

The TAMP will serve as an accountability and communication tool and will 
inform established capital and operations planning efforts from this point 
forward. In addition to being a Federal requirement, the TAMP is a planning tool 
by which MnDOT can more thoroughly evaluate risks and develop mitigation 
strategies, analyze life-cycle costs, establish asset condition performance 
measures and targets, and develop investment strategies. It formalizes 
and documents the following key information, to meet MAP-21 federal 
requirements, into a single document:

�� Description and condition of pavements and bridges on the NHS

�� Asset management objectives and measures

�� Summary of gaps between targeted and actual performance

�� Life-cycle cost and risk management analysis

�� Financial plan that addresses performance gaps

�� Investment strategies and anticipated performance

 Figure 1-1: Characteristics and Benefits of a Transportation Asset Management Program

�� Track system condition, needs, and performance.
�� Consider public expectations and desires when setting 

strategic objectives.
�� Align agency investment decisions to achieve strategic goals.
�� Use an objective process to maintain and manage assets; 

should consider needs, available funding, risks, operational 
constraints, and maintenance costs over the life of the assets.

�� Determine the optimal time to improve assets based on 
performance data.

Characteristics of an Asset 
Management Program

�� Optimize and improve transportation system 
performance.

�� Improve customer satisfaction.
�� Minimize life-cycle costs.
�� Match level of service provided to public expectations.
�� Make more informed, cost-effective program decisions 

and better utilize existing assets.
�� Develop an unbiased methodology to balance trade-offs 

between competing objectives.

%HQH¿WV�RI�$SSO\LQJ�7UDQVSRUWDWLRQ�
Asset Management Principles
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Figure 1-2: Minnesota’s State Highway System 

Pavements*

NHS Pavements:  7,595 roadway miles
Non-Pavements:  6,736 roadway miles

Bridges*

NHS Bridges:  1,951 (count)
Non-NHS Bridges:  2,592 (count)

Hydraulic Infrastructure

Highway Culverts:  47,157 (count)
Deep Stormwater Tunnels:  7 tunnels
(50 segments; 69,272 linear feet)

Other Traffic Structures

Overhead Sign structures:  2,359 (count)
High-Mast Light Tower Structures:  476 (count)

*Locally-owned inventory not included

NHS Interstate
NHS Non-Interstate
Non-NHS

Minnesota State Highway System
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Asset Management Planning at MnDOT

MnDOT’s asset management policy is established and continually updated 
through statewide performance based planning initiatives. The Minnesota 
GO Vision, Statewide Multimodal Transportation Plan, State Highway 
Investment Plan (MnSHIP), and Highway System Operations Plan (HSOP) 
set policy objectives and performance based targets. The Annual Minnesota 
7UDQVSRUWDWLRQ�3HUIRUPDQFH�5HSRUW�GRFXPHQWV�V\VWHP�SHUIRUPDQFH�DQG�
informs future policy and investment planning.

MINNESOTA GO VISION AND STATEWIDE MULTIMODAL 
75$163257$7,21�3/$1
The Minnesota GO Vision and Statewide Multimodal Transportation Plan 
provide the policy framework used to shape subsequent MnDOT plans 
and investment decisions. Both documents stress the importance of asset 
management –strategically maintaining and operating transportation assets.

STATE HIGHWAY INVESTMENT PLAN 

The State Highway Investment Plan (MnSHIP) is MnDOT’s vehicle for 
determining and communicating capital investment priorities for the state 
highway system over a 20 year planning horizon. MnSHIP establishes asset 
condition targets for state highway pavement and bridge assets and sets 
funding levels for asset management at $5.1 billion (representing 68 percent of 
SODQQHG�FDSLWDO�H[SHQGLWXUHV��RYHU�WKH�¿UVW����\HDUV��������������

The Statewide Multimodal 
Transportation Plan objectives shape 

subsequent MnDOT plans and 
investments.

MnSHIP directs $5.1 billion to be spent 
on Asset Management over the next 

ten years.
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+,*+:$<�6<67(06�23(5$7,21�3/$1
The Highway Systems Operation Plan (HSOP) provides a framework for 

managing key operations and maintenance activities throughout Minnesota. A 

key focus of HSOP is infrastructure asset management and being able to make 

decisions using total life-cycle costs by considering trade-offs in maintenance 

activities. 

$118$/�75$163257$7,21�3(5)250$1&(�5(3257
7KH��������$QQXDO�7UDQVSRUWDWLRQ�3HUIRUPDQFH�5HSRUW�GHVFULEHV�WUHQGV�LQ�
the condition and service levels for Minnesota’s transportation systems. It 

summarizes the plans, investments, strategies and innovations MnDOT and its 

partners use to optimize performance, and tracks progress in 10 performance 

areas, asset management being one. 

The report indicates: 

“MnDOT expects pavement preservation needs to grow faster than available 

resources. Anticipating this scenario, MnSHIP directs MnDOT to focus 

pavement investment on the NHS with the objective of maintaining existing 

ride quality through 2023. Doing this also means the percentage of non-NHS 

highways with Poor ride quality will grow from 7.5 percent in 2012 to 12 percent 

in 2023. Minnesota’s bridges will remain safe. Under current projections, by 

2033 the share of NHS deck area in Poor condition will rise to between six and 

HLJKW�SHUFHQW�´�

7KH�$QQXDO�3HUIRUPDQFH�5HSRUW�
indicates the percentage of non-NHS 

highways with Poor ride quality will 

grow from 7.5 percent in 2012 to 12 

percent in 2023.

HSOP documents the management of 

non-capital highway investments for the 

next four years.
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Process

This Transportation Asset Management Plan is the product of a 12 month 

process that involved a Steering Committee, Project Management Team, and 

four technical Work Groups. 

The Steering Committee provided direction and oversight during TAMP 

development, and included broad representation across the agency and from 

0LQQHVRWD¶V�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ��)+:$��'LYLVLRQ�RI¿FH��6WHHULQJ�
Committee representation included:

�� )+:$�'LYLVLRQ�2I¿FH

�� Minnesota Department of Transportation

�� Bridge

�� Data & Analysis

�� Districts

�� Executive Management

�� Finance

�� Investment Planning

�� Maintenance & Operations

�� Materials (Pavement)

�� Performance Measures

�� Policy Planning

�� 5LVN
�� 7UDI¿F��6DIHW\��DQG�7HFKQRORJ\
�� Transportation Systems Management

The Project Management Team (PMT), a sub-set of the Steering Committee, 

was responsible for day-to-day work activities.

Work Groups were developed for each broad asset category: pavement, 

EULGJH��K\GUDXOLFV��DQG�RWKHU�WUDI¿F�VWUXFWXUHV��(DFK�ZDV�FRPSULVHG�RI�VXEMHFW�
matter technical experts and had a group lead or main contact. Highway 

culverts and deep stormwater tunnels were discussed together with the 

Hydraulic Work Group, while overhead sign structures and high-mast light 

WRZHU�VWUXFWXUHV�ZHUH�GLVFXVVHG�WRJHWKHU�E\�WKH�2WKHU�7UDI¿F�6WUXFWXUHV�
Work Group. Work Groups were invaluable with efforts to document current 

practices, determine data availability, assess risks and propose mitigation 

strategies, and identify targets and investment strategies. 

TAMP Themes

)RXU�WKHPHV�HPHUJHG�GXULQJ�GHYHORSPHQW�RI�WKH�7$03�WKDW�LQÀXHQFHG�
UHFRPPHQGDWLRQV��UH¿QHG�LQYHVWPHQW�VWUDWHJLHV��DQG�LGHQWL¿HG�HQKDQFHPHQWV��
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�� Improve the consideration of maintenance costs in capital 
investment decisions. In most transportation agencies, long-term 
maintenance costs associated with capital improvements are not fully 
considered when making investment decisions. While developing the 
TAMP, steps were taken to improve the consideration of maintenance 
costs when evaluating capital investments. 

�� 5HGXFH�EXVLQHVV�DQG�DVVHW�VSHFLÀF�ULVNV��A number of business 
SURFHVV�FKDQJHV�ZHUH�LGHQWL¿HG�WR�UHGXFH�DJHQF\�ULVN��6HYHUDO�RI�
these changes have already been implemented are currently being 
implemented. For example, MnDOT is in the process of developing 
a Transportation Asset Management System (TAMS) that will allow 
MnDOT to better manage roadside infrastructure data: location; work 
DFWLYLW\�KLVWRU\��HTXLSPHQW��PDWHULDOV��DQG�VWDI¿QJ�QHHGV��$VVHW�VSHFL¿F�
XQGHUPDQDJHG�ULVNV�DQG�PLWLJDWLRQ�VWUDWHJLHV�ZHUH�DOVR�LGHQWL¿HG�DQG�
incorporated in the TAMP.

�� Build on existing plans, information, and processes. MnDOT has 
a history with and commitment to risk based and performance based 
planning. (e.g., MnSHIP, HSOP, etc.). The intent of the TAMP is to build 
upon and enhance but not supplant established planning processes. 

�� Identify and address gaps in data and business processes. MnDOT 
elected to expand the use of asset management principles to a broader 
collection of assets beyond pavements and bridges, even though limited 
information was available for these assets. As a result, MnDOT has 
a better understanding of the information needed to more effectively 
manage these assets and has taken steps to obtain this information 
in support of both ongoing asset management and future capital and 
operational planning efforts. 

TAMP Content

The TAMP is presented in nine chapters. 

�� Chapter 1: Introduction – This chapter provides an overview of current 
asset management policy and investment plans, purpose for developing a 
TAMP, general process during development, and information contained in 
each chapter.

�� Chapter 2: Asset Management Planning and Programming 
Framework – This chapter summarizes the connection of existing asset 
management direction, policy, and programming at MnDOT to the TAMP.
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�� Chapter 3: Asset Management Performance Measures and 
Targets – This chapter summarizes MnDOT’s existing (pre-TAMP) 
performance measures and MnSHIP targets for pavement and bridge, 
and the new (TAMP) target terminology that will replaced existing 
0Q6+,3�WDUJHW�GH¿QLWLRQV�

�� Chapter 4: Asset Inventory and Condition – This chapter summarizes 
information about all six asset categories analyzed in this TAMP, and 
includes data on inventory, condition, and replacement value.

�� Chapter 5: Risk Management Analysis – This chapter provides an 
overview of risk and why it’s important, a summary of MnDOT’s current 
risk structure, and risks associated with undermanaging transportation 
assets and strategies to mitigate these risks.

�� Chapter 6: Life-Cycle Cost Considerations – This chapter describes 
life-cycle cost analysis and highlights strategies for managing assets. It 
includes a cost-effectiveness comparison of MnDOT’s current (or typical) 
DSSURDFK�YV��RWKHU�DSSURDFKHV��L�H��GHVLUHG�RU�ZRUVW�¿UVW��WR�PDQDJLQJ�
each asset. 

�� Chapter 7: Performance Gaps – This chapter highlights existing 
SHUIRUPDQFH�PHDVXUHV�DQG�WDUJHWV�LGHQWL¿HG�LQ�0Q6+,3��0Q'27¶V�QHZ�
direction for targets and agency commitments, and new TAMP target 
recommendations for consideration during development of the next 
MnSHIP. 

�� Chapter 8: Financial Plan and Investment Strategies – This chapter 
SUHVHQWV�D�¿QDQFLDO�RXWORRN�EDVHG�RQ�UHFHQW�WUHQGV�DQG�DVVXPSWLRQV��
summarizes capital and maintenance investments for the next 10 years, 
and describes how different capital investment scenarios considered 
risk. It also outlines the committed revenue and revenue needs to meet 
expected performance outcomes over the next 10 years.

�� Chapter 9: Implementation and Future Developments – This chapter 
VXPPDUL]HV�WKH�LPSRUWDQW�DFWLRQV�RU�GHVLUHG�WDNHDZD\V�LGHQWL¿HG�
during the development of this TAMP. Governance of the TAMP is also 
LPSRUWDQW��DQG�WKLV�FKDSWHU�LGHQWL¿HV�LPSOHPHQWDWLRQ�VWHSV�WR�FRQWLQXDOO\�
make progress toward better asset management. It also presents 
recommendations for future updates to the TAMP.

In addition to the TAMP, a Technical Guide was prepared and published 
separately. The Technical Guide includes additional information on each 
FKDSWHU�RI�WKH�7$03��,W�IUDPHV�LQIRUPDWLRQ�DURXQG�³SURFHVV´�DQG�³VXSSRUWLQJ�
GDWD�DQG�GRFXPHQWDWLRQ�´�DQG�LQFOXGHV�DGGLWLRQDO�WHFKQLFDO�LQIRUPDWLRQ�WR�
supplement the TAMP.
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Chapter 2
ASSET MANAGEMENT PLANNING AND 
PROGRAMMING FRAMEWORK
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ASSET MANAGEMENT OBJECTIVES
Overview

MnDOT has strong business processes currently in place to prioritize asset 
management investments in Minnesota’s transportation infrastructure. Asset 
management is understood at MnDOT as the effective use of available 
resources to make the right investment decisions and minimize asset life-cycle 
costs, while considering the various tradeoffs involved in decision-making 
SURFHVVHV��7KLV�LV�LQ�OLQH�ZLWK�WKH�GH¿QLWLRQ�RI�DVVHW�PDQDJHPHQW�RXWOLQHG�LQ�
MAP-21:

Asset management is a strategic and systematic process of operating, 
maintaining, and improving physical assets, with a focus on both engineering 
and economic analysis based upon quality information, to identify a structured 
sequence of maintenance, preservation, repair, rehabilitation, and replacement 
actions that will achieve and sustain a desired state of good repair over the 
life-cycle of the assets at minimum practicable cost.

$�VLPSOL¿HG�VFKHPDWLF�RI�WKH�LQYHVWPHQW�SURFHVV��VKRZLQJ�WKH�OLQN�EHWZHHQ�WKH�
existing agency plans and the TAMP, is represented in Figure 2-1.

Figure 2-1: MnDOT Asset Management Planning Process
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0Q'27¶V�SULRULWLHV�DQG�REMHFWLYHV�DUH�UHÀHFWHG�LQ�LWV�LQYHVWPHQW�SODQV��ZKLFK�
include the 20-year State Highway Investment Plan (MnSHIP) for capital 

improvements and the 4-year Highway System Operations Plan (HSOP) for 

maintenance and operations investments. MnSHIP and HSOP are a part of 

the coordinated, ongoing planning and outreach process that connects policy 

direction – laid out in Minnesota’s 50-year Statewide Vision (the “Minnesota 

GO Vision”) and 20-year Statewide Multimodal Transportation Plan (SMTP) – 

to improvements made on the state highway system.

These plans document the investment strategies and expected outcomes for 

pavements and bridges that have been incorporated into this TAMP, as well 

as for other investments beyond the TAMP’s scope. Future MnDOT TAMPs 

(see gray box in Figure 2-1��ZLOO�VHUYH�DV�VXSSRUWLQJ�GRFXPHQWV�WKDW�LQÀXHQFH�
updates of MnSHIP and HSOP, objectives related to asset preservation, 

and system safety and reliability measures. The TAMP does not replace any 

existing MnDOT plan; rather, it provides critical input to existing plans, linking 

capital and maintenance expenditures related to asset preservation. 

Existing Asset Management Policy

MINNESOTA GO VISION

MnDOT’s long-term (50-year) vision is to provide a sustainable multimodal 

transportation system that improves the quality of life, environmental health, 

and overall economic competitiveness of Minnesota. As outlined in the 

Minnesota GO Vision, the role of the transportation system is to:

�� Connect Minnesota’s primary assets – the people, natural resources and 

businesses within the state – to each other and to markets and resources 

outside the state and the country.

�� 3URYLGH�D�VDIH��FRQYHQLHQW��HI¿FLHQW��DQG�HIIHFWLYH�PRYHPHQW�RI�SHRSOH�
and goods.

�� 3URYLGH�D�ÀH[LEOH�V\VWHP�WR�DGDSW�WR�FKDQJHV�LQ�VRFLHW\��WHFKQRORJ\��
environment, and the economy.

The Minnesota GO Vision guiding principles, which direct MnDOT’s policy 

and investment decisions related to transportation assets, are summarized in 

Figure 2-2.
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STATEWIDE MULTIMODAL TRANSPORTATION PLAN

MnDOT’s Statewide Multimodal Transportation Plan (SMTP), adopted in 

������LGHQWL¿HV�REMHFWLYHV�DQG�VWUDWHJLHV�WR�KHOS�DFKLHYH�WKH�0LQQHVRWD�*2�
Vision. The plan emphasizes multimodal solutions that ensure high return-on-

investment. The SMTP objectives, summarized in Figure 2-3, include Asset 

Management as one of six key focus areas, stressing the importance of data in 

strategically operating and maintaining the transportation system. 

Figure 2-3: MnDOT’s Statewide Multimodal Transportation Plan Objectives

ACCOUNTABILITY, TRANSPARENCY, AND 

COMMUNICATION

�� Have a data-driven decision process.

�� Support coordination, collaboration, and innovation.

�� �(QVXUH�HI¿FLHQW�DQG�HIIHFWLYH�XVH�RI�UHVRXUFHV�
TRAVELLER SAFETY

�� Safeguard travelers, transportation facilities, and services.

�� Use proven strategies to reduce fatalities and serious injuries in all 

modes of travel.

TRANSPORTATION IN CONTEXT

�� 0DNH�¿VFDOO\�UHVSRQVLEOH�GHFLVLRQV�WKDW�UHVSHFW�WKH�FRQWH[W�RI�SODFH�

�� Integrate land use and transportation systems.

Figure 2-2: Guiding Principles for MnDOT’s Policy and Investment Decisions

LEVERAGE PUBLIC INVESTMENTS 

TO ACHIEVE MULTIPLE PURPOSES

�� Provide a transportation system to support other public purposes such as 

environmental stewardship, economic competitiveness, public health, and energy.

ENSURE ACCESSIBILITY

�� Provide a safe system for user of all abilities and incomes.

�� Provide access to key resources and amenities.

BUILD TO A MAINTAINABLE SCALE

�� Consider and minimize long-term obligations.

�� Affordably contribute to overall quality of life and prosperity of the state.

ENSURE REGIONAL CONNECTIONS �� Connect key regional centers through multiple modes of transportation.

INTEGRATE SAFETY
�� Improve safety through systematic and holistic methods that take into account 

proactive, innovative and strategic considerations.

EMPHASIZE RELIABLE AND 

PREDICTABLE OPTIONS
�� Prioritize multimodal options over reliance on a single option.

STRATEGICALLY FIX THE SYSTEM �� Strategically maintain and upgrade critical existing infrastructure.

USE PARTNERSHIPS
�� &RRUGLQDWH�DFURVV�VHFWRUV�DQG�MXULVGLFWLRQV�WR�LPSURYH�HI¿FLHQF\�RI�WUDQVSRUWDWLRQ�

projects and services.
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CRITICAL CONNECTIONS
�� Identify, maintain, and improve essential transportation connections 

while considering new connections.
ASSET MANAGEMENT

�� Maintain and operate transportation assets strategically.

�� Use system data and consider needs of MnDOT’s partners and public 
expectations to inform decisions.

SYSTEM SECURITY
�� Reduce vulnerability and ensure redundancy to meet travel needs 

during emergencies.

STATE HIGHWAY INVESTMENT PLAN
MnDOT documents its capital investment strategies to address all six of the 
above SMTP objectives in the State Highway Investment Plan (MnSHIP), 
ZKLFK�LV�D����\HDU�¿VFDOO\�FRQVWUDLQHG�SODQ��0Q6+,3�DQDO\]HV�DQG�WUDFNV�
WKH�LPSDFW�RI�UHFHQW�FDSLWDO�LQYHVWPHQWV��LGHQWL¿HV�FDSLWDO�QHHGV��HVWDEOLVKHV�
VWDWHZLGH�SULRULWLHV�IRU�SURMHFWHG�UHYHQXH��DQG�LGHQWL¿HV�VWUDWHJLHV�WKDW�
HQVXUH�WKDW�0Q'27�UHVRXUFHV�DUH�XVHG�HI¿FLHQWO\�DQG�HIIHFWLYHO\��7KH������
plan predicts revenues for the next 20 years to total $18 billion, although the 
projected needs on the transportation system total $30 billion. This $12 billion 
funding gap is projected to result in an increase in both the number of roads 
and bridges in Poor condition and the number of unfunded priorities over the 
20-year planning horizon.

The growing disparity between available resources and the investments 
needed to maintain the transportation infrastructure system at a desired level 
RI�VHUYLFH�KDV�EHHQ�WKH�JXLGLQJ�IRFXV�IRU�WKH�PDMRU�WKHPHV�LGHQWL¿HG�GXULQJ�
the development of the TAMP (discussed in Chapter 1). These themes 
include emphasis on maintenance and preservation of existing transportation 
assets and enhancing current business processes to improve management of 
transportation assets.

The use of a risk-based approach to inform investment and project decisions 
is not a new concept for MnDOT. During the MnSHIP development process, 
tradeoffs between investment levels, performance levels, and risks were 
evaluated to improve understanding of the impact of investment decisions 
through a more holistic approach. Figure 2-4 summarizes three approaches 
developed during the MnSHIP scenario planning process.



CHAPTER 2          ASSET MANAGEMENT PLANNING AND PROGRAMMING FRAMEWORK PAGE     17

The primary intent of comparing the three approaches discussed above was to 

demonstrate a range of possible objectives that MnDOT could pursue over the 

next two decades, as well as to evaluate the tradeoffs in performance and risk 

management within each approach. External and internal outreach efforts were 

conducted to gather input on the investment approaches. Two primary risks 

ZHUH�LGHQWL¿HG�WKURXJK�WKH�RXWUHDFK�SURFHVV�

�� Failure to implement federal policy set in MAP-21

�� Failure to preserve the state’s bond rating by falling below the thresholds 

set in Government Accounting Standards Board Statement 34 (GASB 34)

7KHVH�ULVNV�ZHUH�XVHG�DV�WKH�JXLGLQJ�IRFXV�LQ�WKH�GHYHORSPHQW�RI�WKH�¿QDO�
MnSHIP investment strategies discussed in Chapter 8: Financial Plan and 
Investment Strategies��)RU�WKH�¿UVW����\HDUV��WKH�DGRSWHG�LQYHVWPHQW�VWUDWHJ\�
emphasizes maintaining a diverse mix of improvements to reduce overall life-

cycle costs, as well as enhancing mobility and MnDOT’s ability to respond to 

evolving needs.

Figure 2-4: Investment Approaches Developed for Scenario Planning

Approach A

Focus on maintaining existing 
infrastructure (e.g., roads and 
bridges) on the entire system, 
leaving little-to-no ability to invest 
in local priorities and mobility.

Approach C

Greater emphasis on mobility 
for all modes and addressing 
local concerns at priority 
locations. Existing infrastructure 

most state highways.

Approach B
(Current Approach)

Maintain an approach similar 
to MnDOT's existing priorities, 
emphasizing pavement, bridges, 
and safety, with some investments 
in local priorities and mobility.

Asset Management

Critical Connections

Traveler Safety

Regional and Community Improvement Priorities

Project Support
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Figure 2.5: Capital Strategies for More Efficient Asset Investments

INVESTMENT CATEGORY 10-YEAR STRATEGY

Asset Management - Pavements

�� Maintain conditions on NHS pavements.

�� Allow non-NHS pavements to deteriorate to a slightly lower condition, while maintaining safe 
conditions for the traveling public.

�� Use low-cost maintenance and preservation strategies.

�� Use performance-based design to select projects that address pavement and safety needs.

�� Alternate bidding and contracting mechanisms to determine the most cost-effective 
solutions.

�� Research/evaluate innovative materials and construction techniques.

Asset Management - Bridges

�� Maintain condition of NHS bridges.

�� Allow non-NHS bridges to deteriorate to a slightly lower condition, while keeping them safe 
and operable to the traveling public.

�� Invest in state highway bridges at optimum points in their life- cycles to ensure safety and 
structural health.

�� Conduct bridge inspections to ensure timely application of maintenance and capital 
improvements.

�� Apply appropriate measures to ensure bridges achieve or exceed their intended service 
lives.

MNSHIP CAPITAL INVESTMENT PRIORITIES
For the 10-year period addressed in this TAMP, MnDOT will balance its 
investments in infrastructure preservation with new multimodal transportation 
connections and other projects that advance economic development and 
quality of life in Minnesota. These latter projects, which are funded via non-
preservation investment categories (e.g. regional and community improvement 
priorities, accessible pedestrian infrastructure, bicycle infrastructure, traveler 
VDIHW\���UHÀHFW�VWDNHKROGHU�LQSXW��7KH\�DGHTXDWHO\�PDQDJH�NH\�FDSLWDO�
investment risks and honor current programming commitments.

The infrastructure preservation investments documented in this TAMP are 
WDUJHWHG�WR�RSWLPL]H�LQYHVWPHQWV�LQ�DVVHW�PDQDJHPHQW��FRQVLGHULQJ�¿VFDO�
constraints) while making progress toward established goals and objectives. 
Figure 2-5�VXPPDUL]HV�WKH�VSHFL¿F�VWUDWHJLHV�WKDW�0Q'27�DGRSWHG�DV�D�SDUW�
of the MnSHIP development process to better manage performance in various 
FDSLWDO�SURJUDP�DUHDV�RYHU�WKH�QH[W����\HDUV��7KH�7$03�IRFXVHV�VSHFL¿FDOO\�
on the strategies within the Asset Management category. 
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INVESTMENT CATEGORY 10-YEAR STRATEGY

Asset Management - Roadside 
Infrastructure

�� Maintain culverts, signals, sign structures, sign panels, lighting structures, rest areas, 

barriers, and retaining walls in safe operable conditions with the understanding that their 

general conditions are expected to deteriorate with current expected funding levels.

Traveler Safety

�� Lower annual fatalities and continue to partner in the Toward Zero Deaths (TZD) initiative.

�� ,QYHVW�LQ�ORZ�FRVW�KLJK�EHQH¿W�WUHDWPHQWV��IRU�H[DPSOH��XVLQJ�JXDUGUDLOV�DORQJ�VKDUS�
curves).

�� Track and address locations with a history of crashes.

Critical Connections - Twin Cities 
Mobility

�� )RFXV�RQ�DFWLYH�WUDI¿F�PDQDJHPHQW��VWUDWHJLF�FDSDFLW\�LPSURYHPHQWV��DQG�KLJK�RFFXSDQF\�
vehicle (MnPASS) lanes.

Critical Connections - 
Interregional Corridor Mobility

�� Maintain the interregional corridor system mobility performance target.

Critical Connections - Bicycle 
Infrastructure

�� Use bridge and pavement projects to accommodate bicyclists as appropriate.

�� Focus on stand-alone projects at high priority locations.

Critical Connections - Accessible 
Pedestrian Infrastructure

�� Accommodate pedestrian accessibility concurrent with pavement and bridge projects. 

�� Ensure that a majority of curb ramps and signalized intersections are maintained to ADA 

standards.

Regional and Community 
Improvement Priorities

�� Address economic vitality and quality of life through partnerships, design add-ons, and a 

few stand-alone projects each year.

Project Support �� Make investments to support the delivery of projects in other categories.

Small Programs
�� Ensure system resiliency to respond to unforeseen issues, one-time needs, or changes in 

policy/funding.

HIGHWAY SYSTEM OPERATIONS PLAN

HSOP provides a framework for managing key operations and maintenance 

activities throughout Minnesota and complements other strategic planning 

efforts, such as MnDOT’s District Highway Investment Plans, which focus 

on capital infrastructure needs. In addition, HSOP builds on prior efforts for 

performance-based planning and data-driven decision making. The primary 

objective of the plan is to document the management of non-capital highway 

investments over the next four years.

HSOP themes that serve as a framework for operations and maintenance 

activities include:

�� Safety – Systematically and holistically improve safety.

�� Good Stewards of the Environment – The transportation system should 

support other public purposes, such as environmental stewardship, 

sustainable solutions, economic competitiveness, public health, and 

energy independence. 
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�� Seek Innovation�±�%H�SURDFWLYH��LQQRYDWLYH��VWUDWHJLF��DQG�PRUH�HI¿FLHQW�
in operations and maintenance activities. 

�� Infrastructure Asset Management – Strategically maintain and upgrade 

critical existing infrastructure. Create a knowledge base to make decisions 

using life-cycle costs in the future. Identify inventory degradation and 

tradeoffs for maintenance activities. 

�� Understanding System and Cost Trends – Consider and minimize 

long-term obligations; do not overbuild. Use a life-cycle approach to focus 

on building only what MnDOT can sustain with regard to operations and 

PDLQWHQDQFH��7KH�VFDOH�RI�WKH�V\VWHP�VKRXOG�UHÀHFW�DQG�UHVSHFW�WKH�
surrounding physical and social context.

7KH�SODQ�SURYLGHV�EDFNJURXQG�LQIRUPDWLRQ�RQ�IDFWRUV�LQÀXHQFLQJ�RYHUDOO�
operations and maintenance activities, summarizes each work activity area, 

DQG�LGHQWL¿HV�NH\�LPSOHPHQWDWLRQ�VWUDWHJLHV�WR�LPSURYH�SHUIRUPDQFH��,W�DOVR�
LGHQWL¿HV�ULVN�DQG�LQYHVWPHQW�VWUDWHJLHV�DV�SDUW�RI�D�EXGJHW�VXPPDU\�DQG�JDS�
DQDO\VLV�DQG�SURYLGHV�¿QGLQJV�DQG�UHFRPPHQGDWLRQV�

As part of this HSOP, a more formal Enterprise Risk Management (ERM) 

approach was used to help determine funding gaps and areas where additional 

funding could be directed if it became available. ERM involves identifying 

particular events or circumstances relevant to MnDOT’s objectives (risks and 

opportunities), assessing them in terms of likelihood and magnitude of impact, 

determining a response strategy, and assessing the effectiveness of the 

response strategy in reducing overall risks.

HSOP OPERATIONS AND MAINTENANCE INVESTMENT 
PRIORITIES

+623�LGHQWL¿HV�FXUUHQW�RSHUDWLRQV�DQG�PDLQWHQDQFH�UHYHQXHV�IRU�WKH�QH[W�IRXU�
years (2012-2015) of approximately $860 million, with a need of approximately 

$1.25 billion over this same timeframe. This results in a gap of approximately 

�����PLOOLRQ��RU�DOPRVW������PLOOLRQ�LI�LQÀDWLRQ�LV�LQFOXGHG���$V�SDUW�RI�WKH�
(50�SURFHVV��D�ÀDW�EXGJHW�ZDV�DVVXPHG�IRU�WKH�QH[W�IRXU�\HDUV��*LYHQ�WKLV�
DVVXPSWLRQ�DQG�WKH�LPSDFWV�RI�LQÀDWLRQ��EXVLQHVV�DV�XVXDO�ZLOO�QRW�PDQDJH�
operational risks to the extent needed. Figure 2-6�VXPPDUL]HV�VSHFL¿F�¿QGLQJV�
and recommendations (i.e. strategies) adopted by MnDOT (as part of the 

HSOP development process) to better manage operations and maintenance 

performance.
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Collectively, the Minnesota GO Vision, SMTP, MnSHIP, and HSOP documents 

establish MnDOT’s direction and identify the strategic priorities that are 

considered in planning Minnesota’s transportation future.

Figure 2-6: Maintenance/Operations Findings and Recommendations for More Efficient Asset Management

FINDING RECOMMENDATION (STRATEGY)

Aging Assets: As the state’s infrastructure continues to age, 

much of it is either nearing or is beyond its useful life, thus creating 

VLJQL¿FDQW�RSHUDWLRQV�DQG�PDLQWHQDQFH�FKDOOHQJHV�

Continue to place emphasis on preserving assets that are critical 

to the safety, mobility, and functionality of the transportation 

system.

Increasing Costs: Maintaining the current system is a very labor- 

and equipment-intensive task.

Research and develop new techniques, strategies, and processes 

to minimize costs and remain current with industry standards.

Growing Number of Assets: Increases in transportation system 

DVVHWV��H�J��FRPSOH[�LQWHUFKDQJH�GHVLJQV��WUDI¿F�FRQWURO�GHYLFHV��
result in greater needs for operations and maintenance funds.

&RQWLQXH�WR�H[SORUH�RSSRUWXQLWLHV�WR�SURYLGH�ORZ�FRVW��KLJK�EHQH¿W�
improvements, but recognize that many of these elements place 

additional burdens on operations and maintenance forces, and 

consider the total project cost, not just the initial capital cost for 

construction.

Impacts of Capital Budget / Total Project Cost: Greater 

investment in the capital budget typically results in a reduced 

need for operations and maintenance, whereas reduced capital 

investment typically results in greater need for operations and 

maintenance.

Approach cost estimation on a “total project cost” basis in order 

to address cost management from conception to completion. This 

would consider the operating and maintenance costs associated 

with the project.

Mandates: Increased responsibilities and additional costs often 

accompany mandates, which require MnDOT to provide additional 

or new services that typically have not been accounted for in the 

past.

Actively communicate the costs and impacts associated with new 

mandates in order to try to avoid resource redirection or shortfalls 

in other areas.

Decreasing Staff Levels: A number of work activity areas are not 

able to address all of their required tasks with their current staff 

OHYHOV��$OWHUQDWHO\��WKHUH�DUH�LQHI¿FLHQFLHV�FUHDWHG�GXH�WR�D�ODFN�RI�
VWDI¿QJ�

&RQWLQXDOO\�HYDOXDWH�VWDI¿QJ�QHHGV�DQG�LGHQWLI\�RSSRUWXQLWLHV�WR�
WUDLQ�VWDII�LQ�YDULRXV�ZRUN�DFWLYLWLHV�IRU�RUJDQL]DWLRQDO�HI¿FLHQF\�

Use of Technology / Innovation: MnDOT work activities regularly 

XVH�WHFKQRORJ\�DQG�LQQRYDWLYH�VWUDWHJLHV�WR�LQFUHDVH�HI¿FLHQFLHV�
and are involved with a number of research partnerships and 

activities.

Continue to seek and support technological enhancements that 

help the agency better track inventories and asset condition (e.g., 

WUDI¿F�VLJQDOV��ÀHHW��VLJQ�PDQDJHPHQW��

Preventive Maintenance: A preventive maintenance program 

can reduce overall operations and maintenance costs by regularly 

providing service and avoiding larger maintenance or capital costs.

Focus on preventive maintenance activities that will prolong 

VHUYLFH�OLIH�DQG�KHOS�DYRLG�VLJQL¿FDQW�FDSLWDO�LQYHVWPHQWV�XQWLO�WKH�
SURGXFW�KDV�IXO¿OOHG�LWV�XVHIXO�VHUYLFH�OLIH��&RQWLQXH�WR�HYDOXDWH�
SUHYHQWLYH�PDLQWHQDQFH�DFWLYLWLHV�ZLWK�OHVV�FOHDU�EHQH¿WV�
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Existing Asset Management Programming Framework

Once investment levels are established, projects are selected to help achieve 

the targeted performance expectations established by MnDOT. The agency 

has several tools available to help determine the best use of available funding 

for asset management activities. For instance, MnDOT manages pavement 

condition data through its Highway Pavement Management Application 

(HPMA) software. MnDOT uses HPMA to develop funding scenarios based 

on pavement treatment decision trees and performance prediction models 

to optimize the combination of preservation and rehabilitation activities and 

achieve the best conditions possible. 

For bridges, MnDOT has chosen to integrate commercial bridge management 

software (Pontis) with the agency’s home-grown Bridge Replacement and 

Improvement Management (BRIM) system. Pontis is currently being upgraded 

to include models that will allow MnDOT to predict future bridge conditions. The 

BRIM system allows MnDOT to prioritize bridge investments based on risk and 

importance factors. It generates a bridge planning index score for each bridge 

in the state. Each bridge’s score is based on risk factors (e.g. fracture criticality, 

substandard vertical clearance) and importance factors (e.g. bridge length, 

WUDI¿F�YROXPH��

Finally, MnDOT has a maintenance management program for tracking 

maintenance and operations activities. This system is also scheduled for 

enhancements in the next several years. 

Programmed projects are based on recommendations from the management 

systems and input from MnDOT district personnel. The projects are part of the 

Statewide Transportation Improvement Program (STIP), which details federal 

and state funding allocations to state and local projects. Annual work plans for 

needed maintenance and operations activities are then derived from the STIP. 

MnDOT is also in the process of implementing management systems for 

asset categories beyond pavements and bridges. These systems, collectively 

referred to as Transportation Asset Management Systems (TAMS), will allow 

MnDOT to better manage roadside infrastructure through a more objective, 

GDWD�GULYHQ�DSSURDFK��7KH�¿UVW�7$06�LPSOHPHQWDWLRQ�ZLOO�IRFXV�RQ�WUDI¿F�
signals and lighting.
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ASSET MANAGEMENT PERFORMANCE 
MEASURES AND TARGETS
Overview

MnDOT has used a performance-based approach to managing its 
transportation assets since the mid-1990s and made it a formal part of its 
business process in 2003. The ongoing measurement and review process 
DOORZV�0Q'27�WR�HYDOXDWH�WKH�HI¿FLHQF\�RI�VHUYLFH�GHOLYHU\�DQG�WR�DVVHVV�WKH�
effectiveness of program activities. This objective-based approach increases 
transparency and encourages innovation by keeping the focus on outcomes.

Existing Performance Measures and Targets

MnDOT’s performance-based approach to asset management relies on 
performance measures to assess system performance, identify needs, and 
develop investment priorities. Historically, these measures have included 
state highway ride quality and bridge condition. Additional performance 
measures, tracking things like culvert and stormwater tunnel condition, have 
EHHQ�PRQLWRUHG�DQG�XVHG�LQWHUQDOO\�IRU�PDQDJLQJ�DVVHW�VSHFL¿F�SURJUDPV��
however, they have not been used at the system level for establishing budget 
requirements. Figure 3-1 lists MnDOT’s performance measures as of the 
2013 adoption of the State Highway Investment Plan (MnSHIP), by asset 
category. Short descriptions of each measure’s rating scale and criteria are 
also included, along with MnSHIP targets, where applicable. Targets are the 
VXEMHFW�RI�WKH�¿QDO�WZR�VHFWLRQV�RI�WKLV�FKDSWHU��9LVXDO�UHSUHVHQWDWLRQV�RI�WKH�
performance rating scales can be found in Figure 4-5, Figure 4-6, Figure 4-7, 
and Figure 4-8 in the next chapter.  

As part of its pavement and bridge management activities, MnDOT regularly 
FRQGXFWV�FRQGLWLRQ�VXUYH\V�LQ�RUGHU�WR�LGHQWLI\�GH¿FLHQFLHV�LQ�QHHG�RI�
addressing. For pavements, MnDOT uses a specialized van that collects data 
regarding the amount of cracking present and the smoothness of the ride. This 
information is used to determine a Surface Condition Rating and a Ride Quality 
,QGH[��WKH�ODWWHU�RI�ZKLFK�GH¿QHV�ZKHWKHU�D�URDG�LV�LQ�*RRG��)DLU��RU�3RRU�
condition. A Pavement Quality Index, which combines surface condition and 
ride quality ratings, is also calculated for reporting statewide conditions and to 
determine if other agency performance requirements are met (see discussion 
of GASB 34, below). Information regarding pavement condition on the National 
Highway System (NHS) is reported to the Federal Highway Administration 
(FHWA) each year.
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Figure 3-1: Performance Measures by Asset Type

ASSET TYPE PERFORMANCE 
MEASURE

EXPLANATION TARGET

Pavements
Share of system lane miles 
with Poor ride quality

Ride quality is assessed using MnDOT’s Ride Quality Index, which 
is a measure of pavement smoothness as perceived by the typical 
driver. Pavement rated Poor can still be driven on, but the ride is 
VXI¿FLHQWO\�URXJK�WKDW�PRVW�SHRSOH�ZRXOG�¿QG�LW�XQFRPIRUWDEOH�DQG�
may decrease their speed. 

������1+6�
������1RQ�1+6�

Bridges
NHS bridges in Poor 
condition as a percent of 
total NHS bridge deck area

Bridge condition is calculated from the results of inspections on all 
state highway bridges. The ratings combine deck, superstructure, 
and substructure evaluations. Bridges rated Poor are safe to drive 
on but are reaching a point where it is necessary to either replace 
WKH�EULGJH�RU�H[WHQG�LWV�VHUYLFH�OLIH�WKURXJK�VLJQL¿FDQW�LQYHVWPHQW��

������1+6�
������1RQ�1+6�

Highway 
Culverts

Share of culverts in Poor or 
9HU\�3RRU�FRQGLWLRQ��

Highway culvert condition is assigned during inspections. Culverts 
in Poor condition display cracks or joint separation, while those 
LQ�9HU\�3RRU�FRQGLWLRQ�H[KLELW�KROHV�DQG�PRUH�VLJQL¿FDQW�MRLQW�
separation resulting in a loss of surrounding (road bed) material. 

NA

0RVW�EULGJHV�DUH�LQVSHFWHG�RQ�WZR�\HDU�LQWHUYDOV��UHVXOWV�DUH�UHSRUWHG�WR�WKH�
FHWA. Bridge inspections assess the condition of the decks, superstructures, 
substructures, and culverts using a standardized, national survey procedure. 
Inspection results are used to determine which bridges are in Good, 
Satisfactory, Fair, or Poor structural condition. Bridges in Good, Satisfactory 
or Fair condition generally require only maintenance or preservation activities, 
while bridges in Poor condition may require major capital investments. 

Inspections of other assets are typically performed less frequently. For highway 
culverts, a MnDOT-developed statewide geographic information application – 
known as HydInfra – is used to manage the inventory, as well as inspections 
and maintenance activities. During inspections, a condition rating is assigned 
to each culvert. The ratings range from 1 to 4, with 1 representing a feature in 
/LNH�1HZ�FRQGLWLRQ�DQG���UHSUHVHQWLQJ�D�IHDWXUH�LQ�9HU\�3RRU�FRQGLWLRQ�ZLWK�
serious deterioration. In addition to reporting the feature condition, the HydInfra 
rating is used to set the inspection frequency. For instance, pipes with an 
RYHUDOO�UDWLQJ�RI����9HU\�3RRU��PD\�EH�LQVSHFWHG�DQQXDOO\�RU�HYHU\�WZR�\HDUV��
while a pipe with a rating of 1 or 2 (Like New or Fair) may be inspected as 
infrequently as once every six years. Deep stormwater tunnel inspection and 
reporting protocols are currently being updated to align with those of highway 
culverts. 

Overhead sign structures were recently inspected by an independent 
consultant hired by MnDOT. Efforts are underway to develop a standardized 
inspection procedure for overhead sign structures. An inspection process for 
high-mast light tower structures was developed in 2001 and recently updated.
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ASSET TYPE PERFORMANCE 
MEASURE

EXPLANATION TARGET

Deep 
Stormwater 
Tunnels

7XQQHOV�LQ�3RRU�DQG�9HU\�
Poor condition, measured 

as a percent of total tunnel 

system length

Deep stormwater tunnel condition is assigned during inspections. 

Inspections identify and measure cracks, fractures, and voids 

EHKLQG�WKH�WXQQHO�OLQHUV��7XQQHOV�LQ�3RRU�FRQGLWLRQ�KDYH�VLJQL¿FDQW�
cracks and voids behind the unreinforced tunnel liner. Tunnels in 

9HU\�3RRU�FRQGLWLRQ�GLVSOD\�GHIHFWV�WKDW�UHTXLUH�WLPHO\�FRUUHFWLYH�
action. 

NA

Overhead Sign 
Structures

Share of overhead sign 

VWUXFWXUHV�LQ�3RRU�RU�9HU\�
Poor condition 

Overhead sign structure condition is assigned during inspections. 

3RRU�DQG�9HU\�3RRU�FRQGLWLRQ�LV�GHSHQGHQW�RQ�D�QXPEHU�RI�FULWHULD��
including the number of untightened nuts per structure or the need 

to remove grout, re-grade footing, replace welds, or replace the 

foundation. 

NA

High-Mast 
Light Tower 
Structures

Share of High-Mast Light 

Tower Structures in Poor or 

9HU\�3RRU�FRQGLWLRQ

High-mast light tower structures are not currently assigned an 

RYHUDOO�FRQGLWLRQ�UDWLQJ��UDWKHU�HDFK�LQGLYLGXDO�HOHPHQW��H�J��
foundation, anchor rods, base plate, towers, power/luminaires, 

winch/cables) is given a condition rating. As a result, MnDOT is in 

WKH�SURFHVV�RI�UHGH¿QLQJ�WKH�FULWHULD�DQG�UDWLQJ�SURWRFROV�WR�EH�DEOH�
to assign an overall structure condition rating. For the purposes 

of this TAMP, asset experts used engineering judgment to assign 

overall condition ratings based on individual element conditions 

�LGHQWL¿HG�LQ Chapter 4).

NA

Notes: MnDOT uses multiple measures to evaluate the effectiveness of its pavement and bridge management activities. The measures listed here are those used to calculate 
MnDOT’s performance-based investment needs. For a more comprehensive listing of MnDOT’s pavement performance measures, see the 2013 Pavement Condition Annual 
Report. Additional bridge measures can be found in MnDOT’s Annual Transportation Performance Report.

7KH�WDUJHWV�LQ�WKH�¿JXUH�DERYH�UHSUHVHQW�GHVLUHG�RXWFRPHV��0Q'27�VHWV�
targets based on assessments of traveler expectations and the agency’s 

stewardship responsibilities. As a communication tool, targets allow MnDOT 

to contrast current and anticipated performance with outcomes representing 

the achievement of strategic goals. These targets, which MnSHIP refers to as 

“aspirational”, also serve as the basis for MnDOT’s unconstrained investment 

need. Of the $30 billion 20-year need reported in MnSHIP, $16 billion (53 

SHUFHQW��UHÀHFWV�WKH�FRVW�WR�PHHW�0Q'27¶V�ULGH�TXDOLW\�DQG�EULGJH�FRQGLWLRQ�
targets.

TARGETS REPORTED IN MNSHIP

In 2012 MnDOT began to develop the concept of constrained targets to help 

PDQDJH�V\VWHP�SHUIRUPDQFH�ZLWKLQ�WKH�FRQ¿QHV�RI�DYDLODEOH�UHVRXUFHV��7KH�
¿UVW�FRQVWUDLQHG�WDUJHW�0Q'27�HVWDEOLVKHG�GLUHFWHG�WKH�DJHQF\�WR�PDLQWDLQ�
WKH�VKDUH�RI�DOO�VWDWH�KLJKZD\V�ZLWK�3RRU�ULGH�TXDOLW\�EHWZHHQ�¿YH�DQG�QLQH�
percent. While less than desirable, this range represents an achievable level 

RI�VHUYLFH�WKDW�0Q'27�EHOLHYHV�LV�DFFHSWDEOH�WR�WKH�SXEOLF�DQG�VXI¿FLHQW�WR�
mitigate risks associated with asset deterioration. The concept of constrained 

targets was carried forward into MnSHIP, where it was used to respond to 

federal and state performance requirements. 

http://www.dot.state.mn.us/measures/
http://www.dot.state.mn.us/measures/
http://www.dot.state.mn.us/measures/
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When MAP-21 was signed into law in 2012, it streamlined the federal highway 
program through a restructuring that directs the majority of funding to the 
NHS. It also required states to demonstrate progress toward seven national 
goal areas using a limited number of national performance measures. The US 
Department of Transportation is developing performance measures relating 
to fatalities, serious injuries, asset condition, system reliability, congestion 
reduction, on-road mobile source emissions, and freight movement. In terms of 
DVVHW�FRQGLWLRQ��0$3����VSHFL¿HV�WKDW�QDWLRQDO�SHUIRUPDQFH�PHDVXUHV�FRYHU�
pavement condition on the Interstate System, pavement condition on the NHS 
(excluding Interstate highways), and NHS bridge condition. 

At the state level, Minnesota has adopted the Government Accounting 
6WDQGDUGV�%RDUG�6WDWHPHQW�1XPEHU�����*$6%�����¿QDQFLDO�UHSRUWLQJ�
requirements for establishing the value of its major infrastructure assets. As 
part of this process, MnDOT set minimum performance thresholds for the 
condition of state highway pavement and bridges. MnDOT must maintain 
pavement and bridge assets at or above GASB 34 thresholds to avoid a 
potential downgrade of the state’s bond rating. The thresholds are presented 
below.

�� Pavements

�� Average PQI of 3.0 or higher on NHS routes (MnDOT estimates that 
an NHS with an average PQI of 3.0 or higher is likely to have Poor ride 
quality on no more than 10 percent of its roadways miles.)

�� $YHUDJH�34,�RI�����RU�KLJKHU�RQ�QRQ�1+6�URXWHV��0Q'27�HVWLPDWHV�WKDW�
D�QRQ�1+6�ZLWK�DQ�DYHUDJH�34,�RI�����RU�KLJKHU�LV�OLNHO\�WR�KDYH�3RRU�ULGH�
quality on no more than 13 percent of its roadways miles.)

�� Bridges

�� At least 92 percent of NHS bridges in Fair to Good condition (i.e. no more 
WKDQ���SHUFHQW�LQ�3RRU�FRQGLWLRQ�

�� $W�OHDVW����SHUFHQW�RI�WKH�1RQ�1+6�EULGJHV�LQ�)DLU�WR�*RRG�FRQGLWLRQ��L�H��
no more than 20 percent in Poor condition)

MnSHIP responded to MAP-21 and GASB 34 requirements by establishing 
two sets of constrained targets for ride quality and bridge condition—one 
VHW�RI�WDUJHWV�IRU�WKH�¿UVW����\HDUV�RI�WKH�SODQQLQJ�KRUL]RQ�DQG�RQH�VHW�RI�
OHVV�RI¿FLDO�WDUJHWV�IRU�WKH�VHFRQG����\HDUV��&RQVWUDLQHG�WDUJHWV�LQ�WKH�¿UVW�
10 years are referred to in MnSHIP as either “MAP-21 targets” or “10-year 
anticipated outcomes” (see Figure 3-2). These targets/outcomes represent 
OHYHOV�RI�VHUYLFH�WKDW�0Q'27�LV�FRPPLWWHG�WR�SURYLGLQJ�RYHU�WKH�¿UVW����\HDUV�
of MnSHIP’s planning horizon in order to meet MAP-21 requirements. 
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Figure 3-2: MnSHIP Targets, Performance Thresholds, and Anticipated Outcomes

ASSET TYPE PERFORMANCE 
MEASURE

TARGET GASB 34 
THRESHOLDS

CONSTRAINED TARGETS 

10-YEAR ANTICIPATED 
OUTCOMES

Pavements
Share of system with Poor 
ride quality in travel lane

������1+6�

������1RQ�1+6�

�������1+6�

�������1RQ�1+6�

����1+6�,QWHUVWDWH�

����2WKHU�1+6�

�����1RQ�1+6�

Bridges
NHS bridges in Poor 
condition as a percent of 
total NHS bridge deck area

������1+6�

������1RQ�1+6�

������1+6�

�������1RQ�1+6�

����1+6�

����1RQ�1+6�

TARGET TERMINOLOGY IN THE TAMP

Constrained targets are a useful tool for communicating and managing 
system performance in the face of severe resource limitations. Constrained 
targets have also helped to advance the use of risk assessments and risk 
management principles in MnDOT’s investment decision-making. This TAMP 
VXSSRUWV�WKH�SUDFWLFH�RI�LGHQWLI\LQJ�DFKLHYDEOH��¿VFDOO\�FRQVWUDLQHG�RXWFRPHV�
DV�SDUW�RI�0Q'27¶V�SODQQLQJ�SURFHVVHV��+RZHYHU��LW�DOVR�FODUL¿HV�0Q'27¶V�
terminology around targets and other types of performance outcomes in order 
to avoid confusion about what MnDOT is ultimately trying to accomplish.

The following terms differentiate between desired outcomes, outcomes 
DVVRFLDWHG�ZLWK�D�¿VFDOO\�FRQVWUDLQHG�SODQ�RU�EXGJHW��DQG�IRUHFDVWHG�RXWFRPHV�
based on predictive modeling.

�� Targets�UHÀHFW�GHVLUHG�RXWFRPHV���0HHWLQJ�D�WDUJHW�FRQVWLWXWHV�WKH�
achievement of a performance goal. The purpose of targets is to evaluate 
system performance, identify performance-based needs, and guide 
strategic planning decisions. MnDOT may plan to meet or not meet 
targets based on funding levels and tradeoff decisions.

7DUJHWV�FDQ�EH�VWDWHG�DV�¿[HG�EHQFKPDUNV�DJDLQVW�ZKLFK�0Q'27�
evaluates past, present and future performance. Fixed benchmarks are 
typically used to describe desired outcomes in performance areas where 
MnDOT has a high degree of control, such as ride quality or pavement 
FRQGLWLRQ��7DUJHWV�FDQ�DOVR�EH�\HDU�VSHFL¿F��<HDU�VSHFL¿F�WDUJHWV�DUH�
trend-based and may change over time. They are typically used to 
evaluate the anticipated contribution of a program or set of planned 
investments.
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�� Plan outcomes describe future performance outcomes consistent with 
0Q'27¶V�¿QDQFLDOO\�FRQVWUDLQHG�VSHQGLQJ�SULRULWLHV��7KHVH�RXWFRPHV��
which are established in conjunction with plan updates, are used to 
DOORFDWH�UHVRXUFHV��GHYHORS�SURJUDPV��DQG�SODQ�VSHFL¿F�LQYHVWPHQWV��
Plan outcomes are stated in terms of the year in which MnDOT plans to 
achieve them, typically at the completion of a plan’s time horizon. 

The terms target and plan outcome are not mutually exclusive.  MnDOT 
may choose to fully fund a target, in which case the target and plan 
outcome are the same. In performance areas where targets and plan 
RXWFRPHV�GLYHUJH�GXH�WR�LQVXI¿FLHQW�UHVRXUFHV��0Q'27�XVHV�WKH�WDUJHW�
to communicate need, while managing its program and maintenance 
activities to the plan outcome.

�� Expected outcomes�UHÀHFW�SUHGLFWLYH�PRGHOLQJ�RI�IXWXUH�SHUIRUPDQFH��
All plan outcomes begin as expected outcomes. However, expected 
outcomes often diverge from plan outcomes as plans age and as new 
information becomes available. MnDOT contrasts expected outcomes 
with plan outcomes at regular intervals to evaluate how successfully it is 
executing its plans/budgets. These evaluations promote accountability. 
(YDOXDWLRQV�WKDW�VKRZ�D�VLJQL¿FDQW�GLVFUHSDQF\�EHWZHHQ�D�SODQQHG�DQG�
an expected outcome can trigger a course correction in the form of new 
spending priorities or a revised strategy.

This terminology replaces the language used in MnSHIP to describe 
performance outcomes. Going forward, MnDOT will use target to denote 
desired outcomes. The term plan outcome will be used to identify outcomes 
to which MnDOT is managing. As long as MnDOT is on pace to achieve 
plan outcomes, the gap between a target and an expected outcome will be 
XVHG�WR�GHPRQVWUDWH�QHHG��KRZHYHU��LW�ZLOO�QRW�EH�XVHG�DV�D�MXVWL¿FDWLRQ�IRU�
reallocating resources within existing constraints. Figure 3-3 summarizes 
the key characteristics of targets, plan outcomes and expected outcomes, as 
explained above.
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Figure 3-3: Types of Performance Outcomes – Key Characteristics

TERM MEANING USE HOW IS IT 
ESTABLISHED?

HOW OFTEN IS IT 
USED?

Target
Outcome consistent with 
agency goals and traveler 
expectations

�� Communicate 
desired outcome 

�� Evaluate 
performance 

�� Identify investment 
needs

Approved by senior 
OHDGHUVKLS��JXLGHG�E\�
agency policies and public 
planning process

Less than once per 
planning cycle

Plan Outcome
Outcome consistent 
ZLWK�¿VFDO�FRQVWUDLQW���
spending priorities

�� Communicate 
spending priorities

�� Develop / manage 
programs

�� Select investments

Established concurrently 
with the adoption of 
investment plans

Once per planning cycle

Expected Outcome
Forecasted outcome 
based on predictive 
modeling

�� Monitor plan 
implementation

�� Promote 
accountability / 
initiate corrective 
action

Generated by 
H[SHUW�RI¿FHV�EDVHG�
updated performance 
information and planned 
improvements

Annually

Chapter 7 and Chapter 8 provide an expanded narrative on targets, plan 
outcomes and expected outcomes for each of the asset categories covered in 
this TAMP.
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Chapter 4
ASSET INVENTORY AND CONDITION
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ASSET INVENTORY AND CONDITION
Overview

Minnesota’s state highway system includes the National Highway System 
and other important roads. The importance of the state highway system is 
demonstrated by its use. Although it comprises just 8.5 percent of Minnesota’s 
total roadway system mileage, it carries almost 60 percent of the miles traveled 
statewide, including the majority of freight being moved by road within the 
state. 

Minnesota’s state highway system is comprised of approximately 14,000 
roadway miles and 4,500 bridges. Collectively, the replacement value of these 
assets is roughly $40 billion. In addition to roadways and bridges, MnDOT 
is responsible for maintaining many other transportation assets as shown in 
Figure 4-1. MnDOT has a direct ownership role in hydraulic infrastructure, 
URDGVLGH�DVVHW�DQG�WUDI¿F�LQIUDVWUXFWXUH�ZLWKLQ�WKH�ULJKW�RI�ZD\��)RU�WKH�PDMRULW\�
of the multimodal assets, MnDOT manages grants monies or conveys 
RU�WUDQVIHUV�RZQHUVKLS�RI�SURSHUW\��*LYHQ�VLJQL¿FDQW�LQYHVWPHQW�LQ�WKHVH�
DVVHWV��FRQWLQXLQJ�GHPDQGV�RQ�WKH�V\VWHP��DQG�LQFUHDVHG�¿VFDO�FRQVWUDLQWV�
on available funding for managing the system, it is imperative that MnDOT 
continues to identify ways to improve its transportation asset management 
practices, which ensure a strategic and systematic process for managing asset 
performance.

)LJXUH������([DPSOHV�RI�$VVHWV�0DQDJHG�E\�0Q'27

+<'5$8/,&�,1)5$6758&785(
�� Culverts

�� Stormwater Systems

�� Tunnels
75$)),&�,1)5$6758&785(

�� Intelligent Transportation System (ITS) Assets

�� Sensor Systems

�� 7UDI¿F�6LJQDOV

�� Sign Structures

�� Sign Panels
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)DFWRUV�,QÀXHQFLQJ�$VVHW�&RQGLWLRQ�DQG�3HUIRUPDQFH

The advanced age of Minnesota’s state highway assets is one of the primary 
challenges facing MnDOT today. Figure 4-2 LOOXVWUDWHV�WKH�DJH�SUR¿OH�RI�
state highway pavements. It shows that approximately half of the network is 
more than 50 years old. The major spike of activity in the late 1940s through 
the 1950s is the advent of the Interstate System, which also included the 
VWUXFWXUDO�HQKDQFHPHQW�RI�PXFK�RI�WKH�QRQ�,QWHUVWDWH�KLJKZD\�V\VWHP��7KLV�
activity began to taper off in the 1960s as much of the rural interstate was 
completed. Several gaps in the interstate system were completed through 
WKH�PLG�����V� Figure 4-3�VKRZV�D�VLPLODU�DJH�SUR¿OH�DQG�VSLNHV�IRU�VWDWH�
highway bridges, with approximately 40 percent of MnDOT’s bridges built 
before the early 1970’s. The application of a variety of maintenance and 
rehabilitation treatments has helped MnDOT considerably extend the service 
OLIH�RI�SDYHPHQWV�DQG�EULGJHV�DOWKRXJK�QRW�DOZD\V�DW�WKH�ORZHVW�OLIH�F\FOH�FRVW��
The ability to predict and monitor deterioration is a key factor in effectively 
PDQDJLQJ�WKHVH�DVVHWV�RYHU�WKHLU�OLIH�F\FOHV�

ROADSIDE ASSETS
�� Pavement Marking, Striping

�� Curb and Gutter

�� Guardrails

�� )HQFH��%DUULHUV��,PSDFW�$WWHQXDWRUV

�� Noise Walls

�� Slopes, Embankments, Retaining Walls

�� Rest Areas

�� Weigh Stations

�� Lighting Structures

MULTIMODAL ASSETS
�� $PHULFDQV�ZLWK�'LVDELOLWLHV�$FW��$'$��)HDWXUHV

�� %LF\FOH�	�3HGHVWULDQ�)DFLOLWLHV

�� 7UDQVLW��%XV�DQG�5DLO�

�� )UHLJKW

�� Airports

�� Ports and Waterways 
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)LJXUH������$JH�3URILOH�RI�6WDWH�+LJKZD\�3DYHPHQWV
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)LJXUH������$JH�3URILOH�RI�6WDWH�+LJKZD\�%ULGJHV
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/LIH�F\FOH�FRVW�FRQVLGHUDWLRQV��WKH�VXEMHFW�RI�Chapter 6) recognize that the 

cost of maintaining pavements and bridges in serviceable condition increases 

as they age. This dynamic, in conjunction with limited resources, makes it 

PRUH�GLI¿FXOW�WR�PHHW�SDYHPHQW�DQG�EULGJH�FRQGLWLRQ�WDUJHWV�ZKLOH�DOVR�OLPLWLQJ�
MnDOT’s ability to invest in other performance areas.
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,Q�DGGLWLRQ�WR�DJH��WKH�FRQGLWLRQ�RI�VWDWH�KLJKZD\�DVVHWV�LV�LQÀXHQFHG�E\�W\SH�
RI�FRQVWUXFWLRQ��FOLPDWH�FRQGLWLRQV�DQG�WUDI¿F�XVDJH��6LJQL¿FDQW�ÀRRG�HYHQWV�
LQ������DQG������LQ�6RXWKHDVW�DQG�1RUWKHDVW�0LQQHVRWD�FDXVHG�ZLGHVSUHDG�
GDPDJH�DQG�KLJKOLJKWHG�WKH�QHHG�WR�EHWWHU�XQGHUVWDQG�ÀRRGLQJ�LPSDFWV�RQ�
DVVHW�FRQGLWLRQ��0Q'27�LV�FXUUHQWO\�SDUWLFLSDWLQJ�LQ�DQ�)+:$�)ODVK�)ORRG�
Vulnerability and Adaptation Assessment Pilot Project that will help MnDOT 
and other state DOTs better understand the process for incorporating climate 
FKDQJH�LQ�DVVHW�PDQDJHPHQW�SODQQLQJ��6RPH�RI�WKH�PDLQ�IDFWRUV�LQÀXHQFLQJ�
the condition of the assets included in the TAMP are highlighted in Figure 4-4.

A key to managing assets effectively is the ability to forecast changes 
in condition over time for each type of asset. MnDOT has developed 
sophisticated deterioration models for pavements. These models are used in 
the pavement management system to predict future conditions under different 
treatment scenarios. Although deterioration models are not currently available 
for the other asset categories included in the TAMP, planned enhancements to 
MnDOT’s bridge management program include adding modeling capabilities. 
)RU�EULGJHV��KLJKZD\�FXOYHUWV��GHHS�VWRUPZDWHU�WXQQHOV��RYHUKHDG�VLJQ�
VWUXFWXUHV��DQG�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV��0Q'27�H[SHUWV�SURYLGHG�
LQSXW�WR�GHYHORS�WKH�SURMHFWLRQV�WKDW�LQIRUP�WKH�OLIH�F\FOH�FRVWLQJ�GLVFXVVHG�LQ�
Chapter 6: Life-Cycle Costs Considerations.

)LJXUH������6LJQLILFDQW�)DFWRUV�,QIOXHQFLQJ�$VVHW�&RQGLWLRQV

PAVEMENTS %5,'*(6 +,*+:$<�&8/9(576�	�
STORMWATER TUNNELS

OVERHEAD SIGN 
STRUCTURES AND 
+,*+�0$67�/,*+7�

TOWER STRUCTURES
�� Pavement type

�� 7UDI¿F�YROXPHV

�� 7UDI¿F�ZHLJKW

�� Environmental factors

�� Material properties

�� Type of underlying material

�� Maintenance frequency

�� Construction quality

�� %ULGJH�W\SH

�� Usage of deicing chemicals

�� Presence of water

�� 7UDI¿F�YROXPHV

�� 7UDI¿F�ZHLJKW

�� Environmental factors

�� Material properties

�� Maintenance frequency

�� Construction quality

�� Material type

�� Support of underlying 
foundation

�� Shape and geometry of 
culvert

�� Culvert thickness and 
condition

�� Installation quality 

�� Pressurization and 
maintenance frequency

�� )DEULFDWLRQ�TXDOLW\

�� Installation quality

�� Material type

�� 7UDI¿F�KLWV

�� Strong winds

�� )DWLJXH
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Asset Inventory and Condition Summary

The fundamental philosophy and principles of asset management apply to 
DOO�LQIUDVWUXFWXUH�DVVHWV�PDLQWDLQHG�E\�0Q'27��7KLV�¿UVW�HGLWLRQ�RI�WKH�7$03�
DGGUHVVHV�WKH�IROORZLQJ�VHOHFWHG�DVVHW�FDWHJRULHV��SDYHPHQWV��EULGJHV��
highway culverts, deep stormwater tunnels, overhead sign structures, and 
KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV��$GGLWLRQDO�DVVHW�FDWHJRULHV�ZLOO�EH�DGGHG�
LQ�IXWXUH�7$03V��7KH�0RYLQJ�$KHDG�IRU�3URJUHVV�LQ�WKH���VW�&HQWXU\�$FW�
�0$3�����WUDQVSRUWDWLRQ�DXWKRUL]DWLRQ�ELOO�UHTXLUHV�D�7$03�IRU�DOO�SDYHPHQW�
and bridges on the National Highway System. MnDOT’s TAMP exceeds these 
requirements.

The information needed to develop the TAMP for pavements and bridges 
was, for the most part, readily available in MnDOT’s pavement and bridge 
PDQDJHPHQW�V\VWHPV��)RU�RWKHU�DVVHW�FDWHJRULHV��GDWD�ZHUH�OHVV�FRPSOHWH�
RU�DFFHVVLEOH��)RU�LQVWDQFH��FRQGLWLRQ�LQVSHFWLRQV�ZHUH�SHUIRUPHG�OHVV�
consistently on deep stormwater tunnels, overhead sign structures, and 
KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV��$V�D�UHVXOW��GDWD�RQ�PDLQWHQDQFH�KLVWRU\��
asset condition, and  deterioration rates were less than optimal for these 
assets. MnDOT is using this opportunity to assess the maturity level of 
the maintenance and management of these assets, to identify process 
improvements that will help manage them more effectively, and to apply these 
principles to other MnDOT asset groups.

Figure 4-5, Figure 4-6, Figure 4-7, and Figure 4-8 comprise “folios” 
summarizing much of the available information on the inventory and 
estimated replacement value of each asset category, along with data 
collection, management, and reporting practices and current condition, 
recommended targets, and investment levels (recommended targets 
UHÀHFW�FKDQJHV�GLVFXVVHG�LQ�Chapter 2 and Chapter 7; investment levels 
are discussed in Chapter 8). This information was provided by Work Groups 
of MnDOT technical experts specially convened around each of the asset 
categories considered in this TAMP. It was then vetted by the larger TAMP 
project Steering Committee before inclusion in this plan. 

A roadway mile is an entire segment of 
highway (all lanes), one mile in length. 

A lane mile is a section of pavement 
ZLWK�DQ�DUHD�RQH�ODQH�ZLGWK�ZLGH�E\�

one mile long. 

%RWK�PHDVXUHV�DUH�XVHG�WR�FDOFXODWH�
various pavement needs and costs.

Pavement replacement value is 
estimated at $1 million per lane 

mile. This is based on an average 
for Minnesota’s entire trunk highway 

network.
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)LJXUH������3DYHPHQW�)ROLR�

PAVEMENTS
Pavements are a critical part of MnDOT’s transportation network, providing mobility and access to a 
ZLGH�UDQJH�RI�XVHUV��0Q'27¶V�V\VWHP�FRQVLVWV�RI�WZR�W\SHV�RI�SDYHPHQWV��ÀH[LEOH�DQG�ULJLG��
)OH[LEOH�SDYHPHQWV�DUH�RIWHQ�UHIHUUHG�WR�DV�ELWXPLQRXV�RU�EODFN�WRS��ZKLOH�ULJLG�LV�FRPPRQO\�
UHIHUUHG�WR�DV�FRQFUHWH��7KH�VWDWH�V\VWHP�FRQVLVWV�RI�,QWHUVWDWHV��H�J��,�����,������QRQ�,QWHUVWDWH�
1+6��H�J��+Z\�����+Z\�������DQG�QRQ�1+6�KLJKZD\V��H�J��+Z\�����+Z\�������7KH�HQWLUH�VWDWH�
KLJKZD\�V\VWHP�LV�FRQVLGHUHG�LQ�DOO�RI�WKH�DQDO\VHV��OLIH�F\FOH�FRVW�DQDO\VLV��ULVN�PDQDJHPHQW��
¿QDQFLDO�SODQ�DQG�LQYHVWPHQW�VWUDWHJLHV��SHUIRUPHG�DV�D�SDUW�RI�WKLV�7$03�

INVENTORY AND REPLACEMENT VALUE
SYSTEM / 

)81&7,21$/�
&/$66,),&$7,21

)/(;,%/(�
ROADWAY 

MLES

RIGID 
ROADWAY 

MILES

TOTAL 
ROADWAY 

MILES

727$/�/$1(�
MILES

CURRENT 
REPLACEMENT 

VALUE
Interstate ��� 896 ����� 4,036 $4.04 billion
1RQ�,QWHUVWDWH�1+6 4,660 1,114 5,774 11,759 $11.76 billion
1RQ�1+6 6,569 167 6,736 13,567 $13.57 billion
TOTAL 12,154 2,177 14,331 29,362 $29.36 billion

1RWHV��,QWHUVWDWH�DQG�1RQ�,QWHUVWDWH�1+6�GR�QRW�LQFOXGH�ORFDOO\�RZQHG�1+6�URDGZD\V������URDGZD\�PLOHV���FXUUHQW�UHSODFHPHQW�YDOXH�EDVHG�RQ����PLOOLRQ�SHU�ODQH�PLOH

3$9(0(17�$*(�352),/(��%<�/$1(�0,/(�
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DATA COLLECTION, MANAGEMENT, AND REPORTING PRACTICES
Data Collection:

�� Automated data collection performed annually on all state highways

�� Ride condition and surface distresses collected

�� Shoulders and ramps not surveyed

�� 2I¿FH�RI�5RDG�5HVHDUFK�UHVSRQVLEOH�IRU�GDWD�FROOHFWLRQ
Data Management:

�� Highway Pavement Management Application (HPMA) used to managed inventory and condition data

�� Pavement condition deterioration models, project selection handled through HPMA
Data Reporting:

�� Pavement condition report published annually by MnDOT Pavement Management Unit

�� Data available on MnDOT’s website

&21',7,21�5$7,1*�6&$/(�%$6('�21�5,'(�48$/,7<�,1'(;��54,�

*RRG��������54,������ )DLU��������54,������ 3RRU��54,������

&21',7,21��7$5*(76��$1'����<($5�,19(670(17�/(9(/6
SYSTEM �����&21',7,21�

(% POOR)
TARGETS 
(% POOR)

,19(670(17�5(48,5('�
TO ACHIEVE TARGETS 

,1�����
Interstate ���� ���� �����PLOOLRQ
1RQ�,QWHUVWDWH�1+6 4.3% ���� $1.1 billion
1RQ�1+6 7.5% ����� $1.4 billion
TOTAL NA NA $2.9 billion

1RWH��,QWHUVWDWH�DQG�QRQ�LQWHUVWDWH�1+6�GR�QRW�LQFOXGH�ORFDOO\�RZQHG�1+6�URDGZD\V������URDGZD\�PLOHV�
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)LJXUH������%ULGJH�)ROLR

%5,'*(6��,1&/8'(6�/$5*(�&8/9(576�
%ULGJHV�DUH�ODUJH��FRPSOH[��DQG�H[SHQVLYH�DVVHWV�WKDW�DUH�FXVWRP�GHVLJQHG�DQG�EXLOW�WR�VDWLVI\�D�
wide variety of requirements. Large culverts (typically greater than 10 ft.) are also included in the 
bridge inventory. Analysis results related to bridges and large culverts presented in this TAMP 
�OLIH�F\FOH�FRVW�DQDO\VLV��ULVN�PDQDJHPHQW��¿QDQFLDO�SODQV�DQG�LQYHVWPHQW�VWUDWHJLHV��DUH�OLPLWHG�WR�
the National Highway System (NHS) inventory.

INVENTORY AND REPLACEMENT VALUE
6<67(0���)81&7,21$/�

&/$66,),&$7,21
COUNT %5,'*(�$5($��64��)7�� CURRENT 

REPLACEMENT VALUE
Interstate 755 ���������� $1.9 billion
1RQ�,QWHUVWDWH�1+6 1,196 ���������� �����ELOOLRQ
1RQ�1+6 ����� 18,881,065 �����ELOOLRQ
TOTAL (State Highway) 4,543 45,525,423 $6.6 billion

1RWHV��,QWHUVWDWH�DQG�1RQ�,QWHUVWDWH�1+6�GR�QRW�LQFOXGH�ORFDOO\�RZQHG�1+6�EULGJHV�������UHSODFHPHQW�YDOXHV�UDQJH�IURP������VT��IW��WR������VT��IW��GHSHQGLQJ�RQ�EULGJH�W\SH

%5,'*(�$*(�352),/(��%<�180%(5�2)�%5,'*(6�
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DATA COLLECTION, MANAGEMENT, AND REPORTING PRACTICES
Data Collection:

�� 'DWD�FROOHFWLRQ�EDVHG�RQ�1DWLRQDO�%ULGJH�,QVSHFWLRQ�6WDQGDUGV��1%,6���$$6+72��DQG�0Q'27�UHTXLUHPHQWV

�� Most bridges inspected annually in Minnesota (some more or less frequently based on inspection results)

�� 'LVWULFWV�SHUIRUP�VXSHUYLVH�LQVSHFWLRQV�ZLWK�VRPH�FHQWUDOL]HG�PDQDJHPHQW�DQG�4XDOLW\�$VVXUDQFH���4XDOLW\�&RQWURO�RI�GDWD�
collected

Data Management:

�� 3RQWLV���%ULGJH�5HSODFHPHQW�DQG�,PSURYHPHQW�0DQDJHPHQW��%5,0��WRROV�XVHG�WR�VWRUH�DQG�DQDO\]H�GDWD

�� Structure Information Management System (SIMS) used to enter, submit, and manage inspection data
Data Reporting:

�� %ULGJH�LQVSHFWLRQ�DQG�LQYHQWRU\�UHSRUWV�DYDLODEOH�WKURXJK�0Q'27¶V�ZHEVLWH

&21',7,21�5$7,1*�6&$/(��%$6('�21�1%,6�5$7,1*�6&$/(�

Good: 7-9 Satisfactory: 6 Fair: 5 Poor: 0-4

&21',7,21��7$5*(76��$1'����<($5�,19(670(17�/(9(/6
SYSTEM �����&21',7,21�

(% POOR)
TARGETS 
(% POOR)

,19(670(17�5(48,5('�
TO ACHIEVE TARGETS 

,1�����
,QWHUVWDWH�DQG�1RQ�,QWHUVWDWH�1+6 4.7% ���� $1.10 billion
1RQ�1+6 ���� ���� $430 million
TOTAL 4.3% NA $1.53 billion

1RWH��,QWHUVWDWH�DQG�1RQ�,QWHUVWDWH�1+6�GR�QRW�LQFOXGH�ORFDOO\�RZQHG�1+6�EULGJHV�����
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)LJXUH������+\GUDXOLF�,QIUDVWUXFWXUH�)ROLR

+<'5$8/,&�,1)5$6758&785(��+,*+:$<�&8/9(576�$1'�'((3�67250:$7(5�7811(/6�
Hydraulic infrastructure, including highway culverts (diameter greater than 10 feet) and deep storm 
ZDWHU�WXQQHOV��KHOSV�0Q'27�HIIHFWLYHO\�PDQDJH�ZDWHU�ÀRZV�WKURXJKRXW�WKH�VWDWH���+LJKZD\�FXOYHUWV�
convey surface water runoff under and adjacent to the state highway system.  Deep stormwater 
tunnels are located in the Twin Cities Metropolitan Area, collect stormwater runoff (e.g. runoff from 
PDMRU�KLJKZD\V�DQG�VXUURXQGLQJ�FRPPXQLW\���DQG�DUH�DSSUR[LPDWHO\��������IHHW�EHORZ�WKH�VXUIDFH���
All state highway system culverts and deep stormwater tunnels are considered in all of the analyses 
�OLIH�F\FOH�FRVW�DQDO\VLV��ULVN�PDQDJHPHQW��¿QDQFLDO�SODQV�DQG�LQYHVWPHQW�VWUDWHJLHV��SHUIRUPHG�DV����������
a part of this TAMP.

INVENTORY AND REPLACEMENT VALUE
ASSET TYPE COUNT / UNIT CURRENT REPLACEMENT VALUE

Highway Culverts 47,157 (number) $1.7 billion
Deep Stormwater Tunnels �������OLQHDU�IHHW����WXQQHOV�����VHJPHQWV� Approximately $300 million

1RWH��5HSODFHPHQW�YDOXH�IRU�FHQWHUOLQH�KLJKZD\�FXOYHUWV�EDVHG�RQ������SHU�IRRW���DVVXPLQJ�DYHUDJH�FXOYHUW�OHQJWK�RI����IHHW��UHSODFHPHQW�YDOXH�IRU�WXQQHOV�EDVHG�RQ�
approximate estimate provided by hydraulic infrastructure Work Group

+<'5$8/,&�,1)5$6758&785(�$*(�352),/(6
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DATA COLLECTION, MANAGEMENT, AND REPORTING PRACTICES
Data Collection:

�� &RQGLWLRQ�LQVSHFWLRQV�SHUIRUPHG�LQ�KRXVH�RU�WKURXJK�FRQWUDFW

�� 'DWD�FROOHFWLRQ�IUHTXHQF\�YDULHV����WR���\HDUV�IRU�FXOYHUWV����WR���\HDUV�IRU�GHHS�VWRUPZDWHU�WXQQHOV

�� &XOYHUWV�PDQDJHG�E\�0Q'27�GLVWULFWV��0DLQWHQDQFH�RU�+\GUDXOLFV���:DWHU�5HVRXUFHV�(QJLQHHULQJ��:5(��'LYLVLRQ

�� Tunnels managed by Metro District WRE
Data Management:

�� HydInfra information application used to manage inventory, inspection, and maintenance activities
Data Reporting:

�� Condition ratings extracted from HydInfra system for internal reporting purposes

&21',7,21�5$7,1*�6&$/(��%$6('�21�+<',1)5$�5$7,1*�6&$/(�

Not Rated: 0 Like New: 1 Fair: 2 Poor: 3 Very Poor: 4

&21',7,21��7$5*(76��$1'����<($5�,19(670(17�/(9(/6
SYSTEM �����&21',7,21� TARGETS ,19(670(17�5(48,5('�

TO ACHIEVE TARGETS 
,1�����

Centerline Highway Culverts
10% Poor;
6% Very Poor

�����3RRU�
�����9HU\�3RRU

$400 million

Deep Stormwater Tunnel
39% Poor;
14% Very Poor

�����3RRU�
�����9HU\�3RRU

$35 million (condition) + 
$1.6 million (inspection)
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)LJXUH������2WKHU�7UDIILF�6WUXFWXUHV�)ROLR

27+(5�75$)),&�6758&785(6��29(5+($'�6,*1�6758&785(6�$1'�+,*+�0$67�/,*+7�72:(5�
STRUCTURES

2WKHU�WUDI¿F�VWUXFWXUHV�LQFOXGHG�LQ�WKLV�7$03�DUH�RYHUKHDG�VLJQ�VWUXFWXUHV�DQG�KLJK�PDVW�OLJKW�
tower structures. Overhead sign structures include various types of span and cantilever 
structures, designed to support signs requiring vertical clearance for vehicles to pass 
XQGHUQHDWK��+LJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�DUH�WDOO�SROHV��DSSUR[LPDWHO\�����IHHW�LQ�KHLJKW��
ZKLFK�VXSSRUW�����ODUJH�ODPSV��7KH�DQDO\VLV�SHUIRUPHG�LQ�WKLV�7$03�DFFRXQWV�RQO\�IRU�
VWUXFWXUDO�FRQGLWLRQ��RWKHU�IXQFWLRQDO�DQG�RSHUDWLRQDO�UHTXLUHPHQWV��H�J��VLJQ�UHWURUHÀHFWLYLW\��
bulb replacement) are not considered.

INVENTORY AND REPLACEMENT VALUE
6<67(0���)81&7,21$/�

&/$66,),&$7,21
COUNT CURRENT REPLACEMENT VALUE

Overhead Sign Structures ����� �����PLOOLRQ
+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV 476 $19 million

1RWH��&XUUHQW�5HSODFHPHQW�9DOXH�LV�EDVHG�RQ���������SHU�RYHUKHDG�VLJQ�VWUXFWXUH�DQG���������SHU�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUH

27+(5�75$)),&�6758&785(6�$*(�352),/(6��%<�180%(5�2)�6758&785(6�
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DATA COLLECTION, MANAGEMENT, AND REPORTING PRACTICES
Data Collection:

�� &RQGLWLRQ�LQVSHFWLRQV�SHUIRUPHG�LQ�KRXVH�RU�YLD�FRQWUDFW

�� 'DWD�FROOHFWLRQ�W\SLFDOO\�RQ�D�¿YH�\HDU�F\FOH

�� 'DWD�FROOHFWLRQ�PDQDJHG�E\�WKH�0DLQWHQDQFH���7UDI¿F�'LYLVLRQ
Data Management:

�� Overhead sign structure data stored in a spreadsheet or on paper

�� +LJK�PDVW�OLJKW�WRZHU�VWUXFWXUH�GDWD�VWRUHG�LQ�$)06�DQG�LQ�DQ�$FFHVV�GDWDEDVH
Data Reporting:

�� Condition ratings extracted from rating spreadsheet for internal reporting purposes

&21',7,21�5$7,1*�6&$/(��%$6('�21�1%,�5$7,1*�6&$/(�

Good: 7-9 Satisfactory: 6 Fair: 5 Poor: 4 Very Poor: 0-3

&21',7,21��7$5*(76��$1'����<($5�,19(670(17�/(9(/6
SYSTEM �����&21',7,21 TARGETS ,19(670(17�5(48,5('�

TO ACHIEVE TARGETS 
,1�����

Overhead Sign Structures
6% Poor;
8% Very Poor

�����3RRU�
�����9HU\�3RRU

$8 million

+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV
6% Poor;
15% Very Poor

7%' 7%'

1RWH��0Q'27�LV�LQ�WKH�SURFHVV�RI�GHYHORSLQJ�D�QHZ�UDWLQJ�V\VWHP�IRU�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV
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Asset Value

7UDQVSRUWDWLRQ�DVVHWV�UHSUHVHQW�D�VLJQL¿FDQW�LQYHVWPHQW���RQH�WKDW�LV�FUXFLDO�
to the economic viability of the state. It is therefore important to preserve the 

value of transportation assets through a series of planned activities that extend 

their service lives for as long as possible. A summary of approximate current 

replacement values of the asset categories included in the TAMP is shown in 

Figure 4-9.

)LJXUH������6XPPDU\�RI�&XUUHQW�5HSODFHPHQW�9DOXH�RI�$VVHWV

STATE HIGHWAY SYSTEM 

ASSETS

CURRENT 

REPLACEMENT VALUE

Pavements ������ELOOLRQ
%ULGJHV $6.6 billion

Hydraulic Infrastructure (Highway Culverts 

and Deep Stormwater Tunnels)
�����ELOOLRQ

2WKHU�7UDI¿F�6WUXFWXUHV��2YHUKHDG�6LJQ�
6WUXFWXUHV�DQG�+LJK�0DVW�/LJKW�7RZHU�
Structures)

�����PLOOLRQ

Total $38.2 billion

As an asset ages, its value and functionality gradually declines. In accounting 

terms, this decrease in value is referred to as depreciation. Monitoring the 

change in asset value over time (illustrated in Figure 4-10) is one way of 

GHWHUPLQLQJ�ZKHWKHU�LQYHVWPHQW�OHYHOV�LQ�WUDQVSRUWDWLRQ�DVVHWV�DUH�¿QDQFLDOO\�
sustainable. Stated simply, if an agency is not investing at least as much as its 

assets are depreciating each year, the assets are losing value and the program 

LV�QRW�¿QDQFLDOO\�VXVWDLQDEOH��7KH�XVH�RI�YDOXH�WR�PRQLWRU�¿QDQFLDO�VXVWDLQDELOLW\�
is gaining momentum nationally. Therefore future MnDOT TAMPs may 

include a comparison between estimated asset depreciation and anticipated 

investment.

)LJXUH�������,OOXVWUDWLRQ�RI�WKH�&RQFHSW�RI�$VVHW�9DOXH�'HWHULRUDWLRQ
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Chapter 5
RISK MANAGEMENT ANALYSIS
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RISK MANAGEMENT ANALYSIS
Overview

5LVN�LV�IUHTXHQWO\�GH¿QHG�DV�WKH�HIIHFW�RI�XQFHUWDLQW\�RQ�REMHFWLYHV��:KHQ�
DSSOLHG�WR�WKH�PDQDJHPHQW�RI�WUDQVSRUWDWLRQ�DVVHWV��DFNQRZOHGJLQJ�DQG�
XQGHUVWDQGLQJ�ULVN�FDQ�KHOS�D�WUDQVSRUWDWLRQ�DJHQF\�PRUH�HIIHFWLYHO\�SODQ�IRU�
SRVVLEOH�V\VWHP�DQG�SURJUDP�GLVUXSWLRQV�DQG�FRPSOLFDWLRQV��PLWLJDWH�SRWHQWLDO�
FRQVHTXHQFHV��DQG�LPSURYH�DJHQF\�DQG�LQIUDVWUXFWXUH�UHVLOLHQF\�

0Q'27�XQGHUVWDQGV�WKH�YDOXH�RI�DFFRXQWLQJ�IRU�DQG�PDQDJLQJ�ULVN�DQG�KDV�
EHHQ�LQFRUSRUDWLQJ�ULVN�LQWR�ERWK�FDSLWDO�DQG�KLJKZD\�RSHUDWLRQV�SODQQLQJ��DV�
ZHOO�DV�LQWR�EXVLQHVV�SODQQLQJ�IRU�HDFK�RI�WKH�DJHQF\¶V�IXQFWLRQDO�DUHDV��0RVW�
UHFHQWO\��ULVN�DVVHVVPHQW�KDV�EHHQ�IRUPDOO\�LQFRUSRUDWHG�LQWR�WKH�0LQQHVRWD�
20-year State Highway Investment Plan (MnSHIP), published in 2013, and 
SOD\HG�D�SURPLQHQW�UROH�GXULQJ�LWV�GHYHORSPHQW��0Q'27�DOVR�SURGXFHG�DQ�
(QWHUSULVH�5LVN�0DQDJHPHQW�)UDPHZRUN�DQG�*XLGDQFH�GRFXPHQW�LQ�������
ZKLFK�³HVWDEOLVKHV�WKH�VWDQGDUGV��SURFHVVHV�DQG�DFFRXQWDELOLW\�VWUXFWXUH�
XVHG�WR�LGHQWLI\��DVVHVV��SULRULWL]H�DQG�PDQDJH�NH\�ULVN�H[SRVXUHV�DFURVV�WKH�
DJHQF\�´��5LVN�DOVR�IDFWRUV�LQWR�WKH�PRVW�UHFHQW�6WDWHZLGH�+LJKZD\�6\VWHPV�
2SHUDWLRQ�3ODQ��+623���ZKHUH�LW�LQÀXHQFHV�WUDGHRII�GLVFXVVLRQV�DQG�IXQGLQJ�
prioritization.

This strong history with risk prompted MnDOT to take a somewhat unique 
DSSURDFK�WR�WKH�5LVN�0DQDJHPHQW�$QDO\VLV�VHFWLRQ�RI�WKH�7$03��%HFDXVH�ULVN�
PDQDJHPHQW�LV�DOUHDG\�LQWHJUDWHG�LQWR�PRVW�DJHQF\�SODQQLQJ�DQG�PDQDJHPHQW�
SUDFWLFHV��LW�ZDV�UHFRJQL]HG�WKDW�IRFXVLQJ�RQ�³JOREDO´�ULVNV��H�J��QDWXUDO�HYHQWV��
RSHUDWLRQDO�KD]DUGV��DJLQJ�DVVHWV��ZRXOG�EH�OHVV�EHQH¿FLDO�WKDQ�DVVHVVLQJ�DQG�
GHYHORSLQJ�PLWLJDWLRQ�VWUDWHJLHV�IRU�³XQGHUPDQDJHG´�ULVNV�±�RSSRUWXQLWLHV�WKDW�
H[LVW�IRU�0Q'27�WR�IXUWKHU�LPSURYH�LWV�DVVHW�PDQDJHPHQW�SURFHVVHV�

Risk and Transportation

Like many transportation departments, MnDOT endeavors to provide the level 
RI�VHUYLFH�GHPDQGHG�E\�WKH�SXEOLF�DW�PLQLPXP�FRVW��8QH[SHFWHG�HYHQWV�±�
LQFOXGLQJ�H[WHUQDO�KD]DUGV��HFRQRPLF�GLVUXSWLRQV��RU�LQVXI¿FLHQW�XQGHUVWDQGLQJ�
±�FDQ�UHGXFH�WKH�HIIHFWLYHQHVV�RI�DQ�DJHQF\�LQ�DFKLHYLQJ�LWV�JRDOV��KRZHYHU��
Figure 5-1�VKRZV�VHYHUDO�H[DPSOHV�RI�ULVNV�WKDW�DUH�RI�SDUWLFXODU�FRQFHUQ�WR�
WUDQVSRUWDWLRQ�DJHQFLHV�
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)LJXUH������.H\�7UDQVSRUWDWLRQ�5HODWHG�5LVN�)DFWRUV

RISK FACTOR
1DWXUDO�HYHQWV��H�J��ÀRRGV��VWRUPV��HDUWK�PRYHPHQW�
2SHUDWLRQDO�KD]DUGV��H�J��YHKLFOH�DQG�YHVVHO�FROOLVLRQV��IDLOXUH�RU�LQDGHTXDF\�
RI�VDIHW\�IHDWXUHV��DQG�FRQVWUXFWLRQ�LQFLGHQWV�
$VVHW�DJHLQJ�HIIHFWV��H�J��VWHHO�IDWLJXH�RU�FRUURVLRQ��DGYDQFHG�GHWHULRUDWLRQ�
GXH�WR�LQVXI¿FLHQW�SUHVHUYDWLRQ�RU�PDLQWHQDQFH�
$GYHUVH�FRQGLWLRQV�LQ�WKH�HFRQRP\��H�J��VKRUWDJH�RI�ODERU�RU�PDWHULDOV��
UHFHVVLRQ�
6WDII�HUURUV�RU�RPLVVLRQV�LQ�IDFLOLW\�GHVLJQ��RSHUDWLRQV��RU�SURYLVLRQ�RI�
VHUYLFHV��RU�GHIHFWLYH�PDWHULDOV�RU�HTXLSPHQW
/DFN�RI�XS�WR�GDWH�LQIRUPDWLRQ�DERXW�GHIHFWV�RU�GHWHULRUDWLRQ��RU�LQVXI¿FLHQW�
XQGHUVWDQGLQJ�RI�GHWHULRUDWLRQ�SURFHVVHV�DQG�FRVW�GULYHUV
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&RQVHTXHQFHV�RI�VXFK�ULVNV�FDQ�LQFOXGH��

�� 3HUVRQDO�LQMXU\

�� Loss of life

�� Private property damage

�� ,QIUDVWUXFWXUH�GDPDJH

�� 7UDI¿F�FRQJHVWLRQ

�� /RVV�RI�DFFHVV

�� /RVV�RI�HFRQRPLF�DFWLYLW\

�� Harm to the environment

�� +DUP�WR�SXEOLF�KHDOWK

�� Litigation and liability losses

�� 5HVRXUFH�ZDVWH

�� +DUP�WR�DJHQF\�UHSXWDWLRQ�

(DFK�RI�WKHVH�FDQ�DGYHUVHO\�DIIHFW�WKH�DFKLHYHPHQW�RI�SURJUDP�JRDOV�DQG�
SHUIRUPDQFH�WDUJHWV�

6RPH�RI�WKHVH�ULVN�IDFWRUV�FDQ�EH�SDUWLDOO\�TXDQWL¿HG�E\�VWXG\LQJ�KLVWRULFDO�
UHFRUGV��YLD�DFWLYH�PRQLWRULQJ��RU�WKURXJK�TXDOLW\�DVVXUDQFH�SURFHVVHV��0DQ\�
VLJQL¿FDQW�ULVN�IDFWRUV��KRZHYHU��DUH�SURKLELWLYHO\�H[SHQVLYH�RU�WHFKQRORJLFDOO\�
LPSRVVLEOH�WR�PHDVXUH��(YHQ�IRU�IDFWRUV�WKDW�DUH�GLI¿FXOW�WR�PHDVXUH��WKRXJK��LW�
LV�SRVVLEOH�WR�DGRSW�JHQHUDO�ULVN�PDQDJHPHQW�VWUDWHJLHV��VXFK�DV�

�� 5DLVLQJ�DZDUHQHVV�RI�ULVNV�DPRQJ�VWDII�DQG�WKH�SXEOLF

�� $GRSWLQJ�PDQDJHPHQW�VWUDWHJLHV�DQG�WHFKQLTXHV�WR�DYRLG�ULVNV

�� 3ULRULWL]LQJ�ULVN�SURQH�DVVHWV�IRU�UHSODFHPHQW

�� 0LWLJDWLQJ�DVVHW�ULVNV�EDVHG�RQ�PHDVXUDEOH�FKDUDFWHULVWLFV�WKDW�DIIHFW�WKHLU�
UHVLOLHQFH�DQG�H[SRVXUH

�� :RUNLQJ�ZLWK�SDUWQHUV�DQG�VWDNHKROGHUV�RQ�ZD\V�WR�UHGXFH�RU�WR�MRLQWO\�
manage risks
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Risk at MnDOT

7KH�SULQFLSOHV�RI�ULVN�PDQDJHPHQW�KDYH�EHHQ�DGRSWHG�WKURXJKRXW�WKH�DJHQF\�
LQ�UHFHQW�\HDUV��IURP�KLJK�OHYHO�LQYHVWPHQW��PDQDJHPHQW��RU�RSHUDWLRQV�SODQV�
(MnSHIP, TAMP, HSOP) to individual asset management and programming 

V\VWHPV�DQG�HYHQ�UHVHDUFK�SURMHFWV�

ENTERPRISE RISK MANAGEMENT (ERM)

7R�KHOS�JXLGH�WKH�WUDQVLWLRQ�WR�IRUPDO�DQG�XQLYHUVDO�FRQVLGHUDWLRQ�RI�ULVN��
0Q'27�KDV�LPSOHPHQWHG�DQ�(50�IUDPHZRUN��7KH�IUDPHZRUN�±�LOOXVWUDWHG�
in Figure 5-2 ±�LV�DQ�LQWHJUDO�SDUW�RI�0Q'27¶V�EXVLQHVV�SURFHVVHV��OLQNLQJ�
strategic ULVN�DVVHVVPHQWV�E\�VHQLRU�H[HFXWLYHV�WR�ULVNV�DW�WKH�business line 

�SURJUDP��OHYHO�WKDW�DIIHFW�SURGXFWV�DQG�VHUYLFHV�DQG�DW�WKH�project level that 

DIIHFW�SURMHFW�REMHFWLYHV�OLNH�VFRSH��VFKHGXOH��DQG�FRVW��0Q'27�FUHDWHG�DQG�
QRZ�PDLQWDLQV�D�ULVN�UHJLVWHU�WR�VXSSRUW�WKH�ULVN�DVVHVVPHQW�SURFHVVHV��ZKLFK�
UHÀHFWV�DW�DQ\�JLYHQ�WLPH�WKH�FXUUHQW�VWDWXV�RI�VWUDWHJLF�DQG�EXVLQHVV�OLQH�ULVNV��
LQFOXGLQJ�UHOHYDQW�SHUIRUPDQFH�REMHFWLYHV�

Figure 5-2: Levels of Risk Management MnDOT
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0,11(627$����<($5�67$7(�+,*+:$<�,19(670(17�3/$1�
(MNSHIP)
5LVN�ZDV�D�NH\�IDFWRU�FRQVLGHUHG�GXULQJ�WKH������0Q6+,3�SURFHVV��5LVN�
EDVHG�SODQQLQJ�ZDV�FHQWUDO�WR�LWV�GHYHORSPHQW��DV�0Q'27�V\VWHPDWLFDOO\�
LGHQWL¿HG�WKH�OLNHOLKRRG�DQG�LPSDFW�RI�GLIIHUHQW�ULVNV�WR�DVVHVV�WKH�WUDGHRIIV�
DVVRFLDWHG�ZLWK�YDULRXV�LQYHVWPHQW�PL[HV��7KH�UHVXOWLQJ�FRPSUHKHQVLYH�DQG�
G\QDPLF�GRFXPHQW�JXLGHV�0Q'27¶V�IXWXUH�LQYHVWPHQW�SODQQLQJ�

$V�D�UHVXOW�RI�FKDQJHV�LQ�SHUIRUPDQFH�UHTXLUHPHQWV��WDUJHWV��DQG�SULRULWL]DWLRQ�
HVWDEOLVKHG�E\�0$3�����0Q'27�DOVR�GHYHORSHG�WZR�SURJUDPV�±�WKH�6WDWHZLGH�
3HUIRUPDQFH�3URJUDP��633��DQG�WKH�'LVWULFW�5LVN�0DQDJHPHQW�3URJUDP�
�'503���%\�HQKDQFLQJ�ÀH[LELOLW\�DQG�FROODERUDWLRQ�ZLWK�UHJLRQDO�DQG�ORFDO�
0Q'27�VWDII��WKHVH�SURJUDPV�KHOS�WKH�DJHQF\�HIIHFWLYHO\�UHDOORFDWH�IXQGLQJ�
DQG�DGGUHVV�WKHVH�FKDQJHV��)XUWKHU�GLVFXVVLRQ�RI�0Q6+,3��WKH�633��DQG�WKH�
DRMP is found in Chapter 8: Financial Plan and Investment Strategies.

Figure 5-3 GLVSOD\V�WKH�FDSLWDO�LQYHVWPHQW�ULVNV�FDWHJRULHV�FRQVLGHUHG�LQ�
0Q6+,3�DQG�WKH�GHJUHH�WR�ZKLFK�HDFK�LV�PLWLJDWHG�YLD�WKH�VWUDWHJLHV�RXWOLQHG�
in the plan. Risks were not mitigated as well in years 11-20 (not relevant to the 
TAMP planning horizon and therefore not shown).

Figure 5-3: Investment Risk Mitigation in MnSHIP

.(<�&$3,7$/�,19(670(17�5,6.6 0,7,*$7('�5,6.�7+528*+�<($5���
GASB 34:�SDYHPHQW�DQG�EULGJH�FRQGLWLRQV�GHWHULRUDWH��
MHRSDUGL]LQJ�VWDWH�ERQG�UDWLQJ

Partially mitigated.

MnDOT mitigates most of the risk through its investment priorities

Federal policy: IDLOXUH�WR�DFKLHYH�0$3����SHUIRUPDQFH�
WDUJHWV�RQ�1+6�UHGXFHV�IXQGLQJ�ÀH[LELOLW\

Adequately mitigated.

MnDOT mitigates most or all of the risk through its investment priorities

MnDOT Policy:�PLVDOLJQPHQW�ZLWK�9LVLRQ�DQG�6WDWHZLGH�
0XOWLPRGDO�7UDQVSRUWDWLRQ�3ODQ�UHVXOWV�LQ�ORVV�RI�SXEOLF�
trust

Partially mitigated.

MnDOT mitigates most of the risk through its investment priorities

Bridges: deferring bridge investments viewed as an 
unwise / unsafe strategy

Adequately mitigated.

MnDOT mitigates most or all of the risk through its investment priorities
Responsiveness: rigid investment priorities limits ability 
WR�VXSSRUW�ORFDO�HFRQRPLF�GHYHORSPHQW�DQG�TXDOLW\�RI�OLIH�
opportunities

Partially mitigated.

MnDOT mitigates most of the risk through its investment priorities

Operations budget: XQWLPHO\�RU�UHGXFHG�FDSLWDO�
LQYHVWPHQW�OHDGV�WR�XQVXVWDLQDEOH�PDLQWHQDQFH�FRVWV

Partially mitigated.

MnDOT mitigates most of the risk through its investment priorities

Public outreach:�LQYHVWPHQW�LQFRQVLVWHQW�ZLWK�0Q6+,3�
SXEOLF�RXWUHDFK�UHVXOWV�LQ�ORVV�RI�SXEOLF�WUXVW

Partially mitigated.

MnDOT mitigates most of the risk through its investment priorities
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67$7(:,'(�+,*+:$<�6<67(06�23(5$7,21�3/$1��+623�
0Q'27¶V�6WDWHZLGH�+LJKZD\�6\VWHPV�2SHUDWLRQ�3ODQ�SURYLGHV�D�IUDPHZRUN�
IRU�PDQDJLQJ�NH\�RSHUDWLRQV�DQG�PDLQWHQDQFH�DFWLYLWLHV�WKURXJKRXW�WKH�VWDWH��
VXSSRUWV�WKH�DJHQF\¶V�YLVLRQ��DQG�FRPSOHPHQWV�RWKHU�SODQQLQJ�HIIRUWV��,W�
DGYRFDWHV�SHUIRUPDQFH�EDVHG�SODQQLQJ�DQG�GDWD�GULYHQ�GHFLVLRQ�PDNLQJ�IRU�
RSHUDWLRQV�DQG�PDLQWHQDQFH��$Q�(QWHUSULVH�5LVN�0DQDJHPHQW�DVVHVVPHQW�
ZDV�FRPSOHWHG�DV�SDUW�RI�WKH�+623�DQG�KHOSHG�WR�LGHQWLI\��DVVHVV��PDQDJH��
DQG�FRPPXQLFDWH�RSHUDWLRQV��DQG�PDLQWHQDQFH�UHODWHG�RSSRUWXQLWLHV�DQG�
WKUHDWV��$VVHVVPHQWV�RI�ULVN�DUH�DOVR�GULYLQJ�IDFWRUV�IRU�PDQ\�RSHUDWLRQV�
DQG�PDLQWHQDQFH�WUHDWPHQW�GHFLVLRQV��:LWK�VXFK�D�VWUXFWXUH�LQ�SODFH��
0Q'27�RSHUDWLRQV�GHFLVLRQ�PDNHUV�DQG�PDQDJHUV�KDYH�D�JRRG�EDVHOLQH�
XQGHUVWDQGLQJ�RI�WKH�FXUUHQW�ULVN�HQYLURQPHQW��D�FRPPRQ�ODQJXDJH�LQ�
operations, a risk inventory, and a risk-ranking methodology to prioritize risks 
ZLWKLQ�DQG�DFURVV�IXQFWLRQV��

+,*+:$<�3$9(0(17�0$1$*(0(17�$33/,&$7,21��+30$�
'HFLVLRQV�DERXW�SDYHPHQW�PDQDJHPHQW�DW�0Q'27�DUH�PDGH�ZLWK�WKH�KHOS�RI�
+30$��ZKLFK�XVHV�SDYHPHQW�FRQGLWLRQ�GDWD�WR�IRUHFDVW�QHHGV�DQG�RSWLPL]H�
WKH�FRPELQDWLRQ�RI�SUHVHUYDWLRQ�DQG�UHKDELOLWDWLRQ�DFWLYLWLHV��LQ�RUGHU�WR�PRVW�
HIIHFWLYHO\�PLWLJDWH�ULVN�DQG�DFKLHYH�WKH�EHVW�FRQGLWLRQV�SRVVLEOH��JLYHQ�IXQGLQJ�
FRQVWUDLQWV��7KH�G\QDPLF�DSSOLFDWLRQ�DOORZV�IRU�FRPSDULVRQV�EHWZHHQ�D�UDQJH�
RI�WUHDWPHQW�RSWLRQ�VFHQDULRV��IURP�³'R�1RWKLQJ´�WR�³)XOO�5HFRQVWUXFWLRQ´��7KLV�
SURFHVV�LV�H[SODLQHG�IXUWKHU�LQ�Chapter 8: Financial Plan and Investment 
Strategies. 

7KH�+30$�DOVR�KHOSV�0Q'27�PHHW�LWV�*$6%����PLQLPXP�FRQGLWLRQ�WKUHVKROGV�
(see Chapter 3���WKHUHE\�DYRLGLQJ�WKH�ULVN�RI�QRW�GRLQJ�VR��5LVNV�DVVRFLDWHG�
ZLWK�WKH�DSSOLFDWLRQ�ZHUH�HYDOXDWHG�DQG�DGGUHVVHG�DV�SDUW�RI�ULVN�H[HUFLVHV�
FRQGXFWHG�LQ�������������DQG������DQG�DUH�LGHQWL¿HG�LQ�0Q'27¶V�(50�ULVN�
UHJLVWHU��$�FRQFHSWXDO�PRGHO�RI�+30$�LV�VKRZQ�LQ�Figure 5-4.

)LJXUH������+30$�'HFLVLRQ�7UHH

Reconstruction

Rehabilitation

Preventive Maintenance
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%5,'*(�5(3/$&(0(17�$1'�,03529(0(17�0$1$*(0(17�
�%5,0�
0DQ\�RI�0Q'27¶V�DVVHW�UHODWHG�ULVNV�DUH�PDQDJHG�LQ�ZKROH�RU�LQ�SDUW�E\�
HVWDEOLVKHG�DVVHW�PDQDJHPHQW�SURFHVVHV��VXFK�DV�WKH�%5,0�SURJUDP�DQG�
WKH�+LJKZD\�3DYHPHQW�0DQDJHPHQW�$SSOLFDWLRQ��+30$���%5,0�LV�XVHG�E\�
0Q'27�WR�LGHQWLI\��FODVVLI\��HYDOXDWH��DQG�SODQ�IRU�D�YDULHW\�RI�TXDQWL¿DEOH�ULVNV�
WKDW�DSSO\�WR�KLJKZD\�EULGJHV��+D]DUGV�DQDO\]HG�LQ�%5,0�LQFOXGH�

�� $GYDQFHG�GHWHULRUDWLRQ�RI�EULGJH�GHFNV��VXSHUVWUXFWXUHV��DQG�
VXEVWUXFWXUHV

�� 6FRXU�RI�ULYHUEHGV�DURXQG�EULGJH�IRXQGDWLRQV

�� )UDFWXUH�FULWLFDOLW\��SRVVLELOLW\�RI�EULGJH�LQVWDELOLW\�GXH�WR�IDLOXUH�RI�RQO\�RQH�
element)

�� )DWLJXH�FUDFNLQJ

�� Overload

�� &ROOLVLRQV�ZLWK�RYHU�KHLJKW�YHKLFOHV

%ULGJH�FKDUDFWHULVWLFV�UHODWHG�WR�HDFK�RI�WKHVH�KD]DUGV�DUH�URXWLQHO\�XSGDWHG�LQ�
WKH�0Q'27�LQYHQWRU\��7KH�LQIRUPDWLRQ�LV�XVHG�WR�SULRULWL]H�QHFHVVDU\�PLWLJDWLRQ�
RU�UHSODFHPHQW�SURMHFWV��LOOXVWUDWHG�LQ�Figure 5-5). So far, MnDOT has not 
GHYHORSHG�DQ\�QHWZRUN�OHYHO�SHUIRUPDQFH�PHDVXUHV�WKDW�FDQ�EH�XVHG�WR�WUDFN�
LPSURYHPHQWV�LQ�EULGJH�UHVLOLHQFH�RYHU�WLPH�DV�D�UHVXOW�RI�WKH�%5,0�DQDO\VLV��
7KLV�ZRXOG�EH�D�ORJLFDO�QH[W�VWHS�WR�HQVXUH�HIIHFWLYH�LPSOHPHQWDWLRQ�

)LJXUH������0Q'27�%ULGJH�3URJUDPPLQJ�5LVN�$VVHVVPHQW

None Tiny Low Medium High 
0% 100 100 100 100 100 100 

10% 10 0 1  00 95 95 85 85 
20% 95 95 90 90 80 80 
30% 90 90 85 85 75 75 
40% 75 75 70 70 55 55 
50% 55 55 50 50 35 35 
60% 35 35 30 30 20 20 
70% 20 20 15 15 10 10 
80% 10 10 5 5 0 0  
90% 5 5 5 5 0 0  

100% 0 0 0 0 0 0  
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6RXUFH��1&+53�5HSRUW������8VHV�RI�5LVN�0DQDJHPHQW�DQG�'DWD�0DQDJHPHQW�WR�6XSSRUW�7DUJHW�6HWWLQJ�IRU�3HUIRUPDQFH�%DVHG�5HVRXUFH�$OORFDWLRQ�E\�
7UDQVSRUWDWLRQ�$JHQFLHV��������
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)LJXUH������5LVN�5DWLQJ�0DWUL[

&216(48(1&(�
RATINGS

/,.(/,+22'�5$7,1*6�$1'�5,6.�/(9(/6
RATE 81/,.(/< 3266,%/( LIKELY ALMOST 

CERTAIN

CATASTROPHIC Medium Medium High Extreme Extreme

MAJOR Low Medium Medium High High

MODERATE Low Medium Medium Medium High

MINOR Low Low Low Medium Medium

INSIGNIFICANT Low Low Low Low Medium

RESEARCH PROJECTS
)LQDOO\��WKH�FRQFHSW�RI�ULVN�DOVR�IDFWRUV�KHDYLO\�LQWR�VHYHUDO�SDVW�DQG�FXUUHQW�
UHVHDUFK�SURMHFWV�DW�0Q'27��)RU�LQVWDQFH��WKH�DJHQF\�ZDV�VHOHFWHG�WR�
SDUWLFLSDWH�LQ�DQ�)+:$�)ODVK�)ORRG�9XOQHUDELOLW\�DQG�$GDSWDWLRQ�$VVHVVPHQW�
3LORW�3URMHFW�WKDW�ZLOO�KHOS�0Q'27��DQG�RWKHU�VWDWH�'27V��EHWWHU�XQGHUVWDQG�WKH�
SURFHVV�IRU�LQFRUSRUDWLQJ�FOLPDWH�FKDQJH�LQ�DVVHW�PDQDJHPHQW�SODQQLQJ��7KLV�
SURMHFW�LV�FXUUHQWO\�XQGHUZD\�DQG�UHVXOWV��ZKHQ�UHDG\��ZLOO�KHOS�LQIRUP�IXWXUH�
asset management initiatives.

TAMP Risk Assessment

$V�GHWDLOHG�DERYH��ULVN�LV�DQ�LPSRUWDQW�SDUW�RI�0Q'27¶V�SUDFWLFHV��
1HYHUWKHOHVV��WKH�DJHQF\¶V�DSSURDFK�WR�WKH�ULVN�VHFWLRQ�RI�WKH�7$03�SURFHVV�
EHJDQ�ZLWK�D�IRFXV�RQ�³JOREDO´�ULVNV��H�J��QDWXUDO�HYHQWV��RSHUDWLRQDO�KD]DUGV��
DQG�WKHLU�HIIHFWV�RQ�WKH�DVVHW��WKH�SXEOLF��DQG�WKH�DJHQF\��0Q'27�HQJDJHG�
LQ�DQ�H[HUFLVH�WR�LGHQWLI\�DQG�SULRULWL]H�VWUDWHJLF�DQG�EXVLQHVV�ULVNV�WKDW�
FRXOG�LPSDFW�LWV�DELOLW\�WR�GHOLYHU�WKH�OHYHO�RI�VHUYLFH�H[SHFWHG�E\�WKH�SXEOLF��
'LVFXVVLRQV�ZHUH�KHOG�ZLWK�:RUN�*URXSV�RI�WHFKQLFDO�H[SHUWV�WR�GHVFULEH�
DQG�UDWH�WKH�PDMRU�ULVNV�UHODWHG�WR�HDFK�DVVHW�FDWHJRU\��Figure 5-6 illustrates 
0Q'27¶V�ULVN�UDWLQJ�VFDOH��,Q�FRQVXOWDWLRQ�ZLWK�DJHQF\�ULVN�H[SHUWV��HDFK�
:RUN�*URXS�GHYHORSHG�D�VHULHV�RI�ULVN�VWDWHPHQWV�DQG�ULVN�UDWLQJV��GHVFULEHG�
SRWHQWLDO�PLWLJDWLRQ�VWUDWHJLHV�IRU�HDFK�ULVN��DQG�GHYHORSHG�PHWKRGV�IRU�
HVWLPDWLQJ�PLWLJDWLRQ�FRVWV��7KLV�SURFHVV�ZDV�LWHUDWLYH��H[WHQGLQJ�RYHU�WKUHH�
IRUPDO�ZRUNVKRSV��ZLWK�RSSRUWXQLWLHV�EHWZHHQ�ZRUNVKRSV�WR�PRGLI\�DVSHFWV�RI�
WKH�SURGXFW��3DUWLFLSDQWV�WRRN�DGYDQWDJH�RI�WKH�SURFHVV�WR�OHDUQ�DERXW�WKH�ULVNV��
DVVHVV�WKH�DELOLW\�RI�H[LVWLQJ�LQIRUPDWLRQ�V\VWHPV�WR�TXDQWLI\�ULVNV�DQG�FRVWV��
DQG�UHDFK�FRQVHQVXV�RQ�SULRULWLHV�DQG�DSSURDFKHV�IRU�IXWXUH�LPSURYHPHQWV�
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*LYHQ�0Q'27¶V�SUHYLRXV�HIIRUWV�DW�LQFRUSRUDWLQJ�ULVN�WKURXJKRXW�LWV�SODQQLQJ�
DQG�PDQDJHPHQW��WKH�ULVN�LGHQWL¿FDWLRQ�DQG�PLWLJDWLRQ�SURFHVV�DOVR�VSDUNHG�
D�GHEDWH�DV�WR�WKH�PHULWV�RI�D�PRUH�FRQYHQWLRQDO�ULVN�DSSURDFK���,W�ZDV�
FRQFOXGHG�WKDW�0Q'27¶V�FXUUHQW�SUDFWLFHV�ZHUH�DOUHDG\�PLQGIXO�RI�PDQ\�
JOREDO�ULVNV��DQG�WKDW�WKH�DJHQF\��DQG�WKH�SXEOLF�LW�VHUYHV��ZRXOG�WKHUHIRUH�
EHQH¿W�PRVW�LI�WKH�ULVNV�DGGUHVVHG�LQ�WKH�7$03�HPSKDVL]HG�³XQGHUPDQDJHG�
ULVNV´�±�DUHDV�LQ�ZKLFK�WKHUH�ZHUH�FOHDU��RSSRUWXQLWLHV�IRU�LPSURYHPHQW�DW�
0Q'27��$IWHU�SLYRWLQJ�WR�WKLV�FRQFHSW�DQG�HOLPLQDWLQJ�ZHOO�PDQDJHG�ULVNV��D�
¿QDO�OLVW�RI�XQGHUPDQDJHG�ULVNV�±�UHODWLQJ�WR�GDWD��PDLQWHQDQFH��RU�LQVSHFWLRQV�
±�DQG�DVVRFLDWHG�risk mitigation strategies was presented to the Steering 
Committee for prioritization. The steps taken during the risk and mitigation 
VWUDWHJ\�LGHQWL¿FDWLRQ��SULRULWL]DWLRQ��DQG�FRVWLQJ�H[HUFLVHV�DUH�GHVFULEHG�LQ�
GHWDLO�LQ�WKH�DFFRPSDQ\LQJ�7HFKQLFDO�*XLGH�

Figure 5-7�LGHQWL¿HV�WKH�ULVN�PLWLJDWLRQ�VWUDWHJLHV��VHSDUDWHG�LQWR�WKUHH�SULRULW\�
OHYHOV�EDVHG�RQ�IDFWRUV�OLNH�QHHG��HDVH�RI�LPSOHPHQWDWLRQ��DQG�DELOLW\�WR�UHGXFH�
WKH�SHUFHLYHG�ULVN��Chapter 9: Implementation and Future Developments 
SURYLGHV�PRUH�GHWDLO�IRU�WKHVH�SULRULWLHV��LQFOXGLQJ�SXUSRVHV��UHVSRQVLEOH�
SDUWLHV��H[SHFWHG�WLPHIUDPHV��DQG�HVWLPDWHG�LPSOHPHQWDWLRQ�FRVWV�

)LJXUH������8QGHUPDQDJHG�5LVN�0LWLJDWLRQ�6WUDWHJ\�3ULRULWL]DWLRQ

35,25,7<�/(9(/����+,*+�35,25,7<��$''5(66�
IMMEDIATELY

�� 3DYHPHQWV��$QQXDOO\�WUDFN��PRQLWRU��DQG�LGHQWLI\�URDG�VHJPHQWV�WKDW�
KDYH�EHHQ�LQ�3RRU�FRQGLWLRQ�IRU�PRUH�WKDQ�¿YH�\HDUV��DQG�FRQVLVWHQWO\�
FRQVLGHU�WKHP�ZKHQ�SURJUDPPLQJ�

�� Deep Stormwater Tunnels: Address the repairs needed on the existing 
6RXWK�,���:�WXQQHO�V\VWHP�

�� 'HHS�6WRUPZDWHU�7XQQHOV��,QYHVWLJDWH�WKH�OLNHOLKRRG�DQG�LPSDFW�RI�
deep stormwater tunnel system failure.

�� Highway Culverts: Develop a thorough methodology for monitoring 
KLJKZD\�FXOYHUW�SHUIRUPDQFH�

�� 2YHUKHDG�6LJQ�6WUXFWXUHV�DQG�+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV��
'HYHORS�DQG�DGHTXDWHO\�FRPPXQLFDWH�FRQVWUXFWLRQ�VSHFL¿FDWLRQV�IRU�
RYHUKHDG�VLJQ�VWUXFWXUHV�DQG�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�

�� 2YHUKHDG�6LJQ�6WUXFWXUHV�DQG�+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV��7UDFN�
RYHUKHDG�VLJQ�VWUXFWXUHV�DQG�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�LQ�D�
Transportation Asset Management System (TAMS).
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35,25,7<�/(9(/����$''5(66�%$6('�21�(67$%/,6+('�
PRIORITIES

�� 3DYHPHQWV��&ROOHFW�DQG�HYDOXDWH�SHUIRUPDQFH�GDWD�RQ�UDPSV��DX[LOLDU\�
lanes, and frontage road pavements for the highway system in the Twin 
Cities Metro Area.

�� %ULGJHV��$XJPHQW�LQYHVWPHQW�LQ�EULGJH�PDLQWHQDQFH�PRGXOHV�DQG�
develop related measures and tools for reporting and analysis.

�� +LJKZD\�&XOYHUWV��,QFOXGH�KLJKZD\�FXOYHUWV�LQ�0Q'27¶V�7$06�

�� 'HHS�6WRUPZDWHU�7XQQHOV��3ODFH�SUHVVXUH�WUDQVGXFHUV�LQ�GHHS�
VWRUPZDWHU�WXQQHOV�ZLWK�FDSDFLW\�LVVXHV�

�� 'HHS�6WRUPZDWHU�7XQQHOV��,QFRUSRUDWH�WKH�GHHS�VWRUPZDWHU�WXQQHO�
system into the bridge inventory.

�� 2YHUKHDG�6LJQ�6WUXFWXUHV��'HYHORS�D�SROLF\�UHTXLULQJ�D�¿YH�\HDU�
LQVSHFWLRQ�IUHTXHQF\�IRU�RYHUKHDG�VLJQ�VWUXFWXUHV��DV�ZHOO�DV�UHODWHG�
LQVSHFWLRQ�WUDLQLQJ�SURJUDPV�DQG�IRUPV�

35,25,7<�/(9(/����5(9,6,7�:+(1�$'',7,21$/�)81',1*�
%(&20(6�$9$,/$%/(��$)7(5�,7(06�,1�35,25,7<�/(9(/6�

��$1'���+$9(�%((1�$''5(66('�
�� +LJKZD\�&XOYHUWV��5HSDLU�RU�UHSODFH�KLJKZD\�FXOYHUWV�LQ�DFFRUGDQFH�

ZLWK�UHFRPPHQGDWLRQV�IURP�WKH�7$06�
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Chapter 6
LIFE-CYCLE COST CONSIDERATIONS
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LIFE-CYCLE COST CONSIDERATIONS
Overview

Minnesota’s transportation infrastructure is constantly under attack from the 
physical and chemical processes of deterioration, the damaging impact of 
ÀRRGV�DQG�RWKHU�KD]DUGV��DQG�WKH�QRUPDO�ZHDU�DQG�WHDU�IURP�XVH�E\�WKRXVDQGV�
of cars and trucks. MnDOT and its partners work tirelessly to offset these 
effects and keep the state’s valuable assets in service for as long as possible 
DW�PLQLPXP�FRVW��6WURQJ�DVVHW�PDQDJHPHQW�SUDFWLFHV�KHOS�WR�PLQLPL]H�WKH�
total cost of managing transportation assets by focusing on all phases of an 
DVVHW¶V�OLIH�F\FOH��HDFK�RI�ZKLFK�LV�VKRZQ�LQ�Figure 6-1.

)LJXUH������7\SLFDO�$VVHW�/LIH�&\FOH�3KDVHV

Because the service life of an asset can be lengthened through the timely 
application of maintenance and rehabilitation activities, MnDOT attempts 
to manage its transportation assets in a strategic and proactive way. This 
LQFOXGHV��

�� 'HVLJQLQJ�QHZ�IDFLOLWLHV�IRU�GXUDELOLW\�DQG�ORQJ�OLIH�XVLQJ�VWDWH�RI�WKH�DUW�
materials and methods

�� 'HSOR\LQJ�ZHOO�WUDLQHG�PDLQWHQDQFH�SHUVRQQHO�DQG�DGYDQFHG�WHFKQRORJ\�
to apply needed maintenance actions at just the right times in the right 
places

�� Anticipating future maintenance and rehabilitation costs that help defer the 
need for larger repair costs

�� Taking advantage of preventive maintenance opportunities

�� 0LQLPL]LQJ�WKH�LPSDFW�RI�ZRUN�]RQHV�RQ�WKH�WUDYHOLQJ�SXEOLF
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MnDOT has been developing procedures and tools to forecast asset 
deterioration rates, determine the effectiveness of its maintenance and 
rehabilitation actions, and estimate the magnitude of future costs in an attempt 
WR�LPSURYH�LWV�DELOLW\�WR�PDQDJH�DVVHWV�RYHU�WKHLU�OLIH�F\FOH��:LWK�SHUIRUPDQFH�
based procedures and tools in place, MnDOT can continue to improve its 
strategic decision processes to help further reduce agency costs over the long 
term.

/LIH�&\FOH�&RVW�$QDO\VLV

Life-cycle cost analysis �/&&$��LV�DQ�DQDO\WLFDO�WHFKQLTXH�XVHG�WR�DVVHVV�
the total cost of an asset. It takes into account all costs associated with 
FRQVWUXFWLRQ��LQVSHFWLRQ��PDLQWHQDQFH��DQG�GLVSRVDO��/&&$�LV�HVSHFLDOO\�
XVHIXO�ZKHQ�FRPSDULQJ�DOWHUQDWH�VWUDWHJLHV�WKDW�IXO¿OO�WKH�VDPH�SHUIRUPDQFH�
UHTXLUHPHQWV�EXW�GLIIHU�ZLWK�UHVSHFW�WR�FRQVWUXFWLRQ��PDLQWHQDQFH�DQG�
operational costs. These can be compared in terms of the total costs over the 
HQWLUH�OLIH�F\FOH�RI�WKH�DVVHW�

Because they do not directly extend the life of an asset, annual operational 
LQYHVWPHQWV��VXFK�DV�VQRZ�DQG�LFH�UHPRYDO��GH�LFLQJ�URDGV��DQG�GHEULV�
UHPRYDO��KDYH�QRW�EHHQ�LQFOXGHG�LQ�WKH�/&&$��,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�
operational expenses and other indirect costs form a large part of the overall 
FRVW�RI�DVVHW�RZQHUVKLS��&ROOHFWLYHO\��FRQVWUXFWLRQ��LQVSHFWLRQ��PDLQWHQDQFH��
operations, disposal, and other indirect costs associated with transportation 
assets comprise total cost of ownership. As an example, MnDOT spends 
between $50 and $85 million annually on snow and ice removal on roadways, 
GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�WKH�ZLQWHU��7KHVH�RSHUDWLRQDO�UHTXLUHPHQWV�
VLJQL¿FDQWO\�LPSDFW�WKH�DPRXQW�RI�IXQGLQJ�DYDLODEOH�IRU�DVVHW�PDLQWHQDQFH�DQG�
rehabilitation activities.

:KHQ�D�QHZ�URDG�LV�EXLOW��WKH�VWDWH�FRPPLWV�QRW�RQO\�WR�WKH�LQLWLDO�FRQVWUXFWLRQ�
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. 
7KHUHIRUH��LW�LV�LPSRUWDQW�WR�PDQDJH�WKH�IDFLOLWLHV�DV�FRVW�HIIHFWLYHO\�DV�SRVVLEOH�
over their entire service life.

Naturally, the owner of a facility would like to postpone future costs as much 
as possible. If costs can be postponed, the money saved can be redirected 
WR�RWKHU�SULRULWLHV��,Q�OLIH�F\FOH�FRVW�DQDO\VLV��WKLV�SUHIHUHQFH�LV�TXDQWL¿HG�DV�D�
GLVFRXQW�UDWH��0Q'27¶V�SROLF\�LV�WR�DQDO\]H�DOO�LQYHVWPHQWV�XVLQJ�D�UHDO�DQQXDO�
discount rate which is currently 2.2 percent. The term “real” means that the 
HIIHFWV�RI�LQÀDWLRQ�DUH�UHPRYHG�IURP�WKH�FRPSXWDWLRQ�LQ�RUGHU�WR�PDNH�WKH�FRVW�
tradeoffs easier to understand. 

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 
OLIH�F\FOH�FRVWV�SOXV�RSHUDWLRQV�DQG��

other indirect costs. 



CHAPTER 6          LIFE-CYCLE COST CONSIDERATIONS PAGE     65

Although it is attractive to delay costs as much as possible and take advantage 
RI�WKH�GLVFRXQW�UDWH��WKHUH�DUH�OLPLWV��:KHQ�PDLQWHQDQFH�LV�GHOD\HG��WKH�
condition of each asset worsens, eventually affecting the serviceability or even 
the safety of the infrastructure. Also, certain kinds of preventive maintenance 
DFWLRQV�DUH�KLJKO\�FRVW�HIIHFWLYH��EXW�RQO\�LI�SHUIRUPHG�DW�WKH�RSWLPDO�WLPH��
For example, painting a steel bridge at the right time is highly effective in 
prolonging its life. However, if painting is delayed, too much of the steel may 
DOUHDG\�EH�UXVWHG�DQG�SDLQWLQJ�LV�QR�ORQJHU�DV�HIIHFWLYH��RU�HYHQ�SRVVLEOH���$�
PXFK�PRUH�H[SHQVLYH�UHKDELOLWDWLRQ�RU�UHSODFHPHQW�DFWLRQ�LV�WKHQ�UHTXLUHG�

$GGLWLRQDO�WHUPV�XVHG�LQ�/&&$�DUH�

�� Analysis Period:�WKH�WLPH�IUDPH�RYHU�ZKLFK�WKH�/&&$�LV�SHUIRUPHG

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

�� Future Maintenance Costs as a Percent of Initial Investment: the total 
future agency costs (including maintenance, rehabilitation, and inspection, 
EXW�QRW�RSHUDWLRQV�FRVWV��DV�D�IUDFWLRQ�RI�WKH�LQLWLDO�FRQVWUXFWLRQ�FRVW�RI�
the asset (This value represents the future cost commitment that MnDOT 
PDNHV�IRU�HYHU\�GROODU�VSHQW�RQ�D�FDSLWDO�SURMHFW��

Theoretically, 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 they reach the end of their physical 
lives. However, because of discounting, costs in the far future have very little 
HIIHFW�RQ�DQ\�GHFLVLRQV�PDGH�GXULQJ�WKH����\HDU�SHULRG�FRYHUHG�E\�WKH�7$03��
Forecasts of future deterioration and future needs become very unreliable 
if these predictions are extended too far into the future. In best practice, the 
DQDO\VLV�SHULRG�RI�D�OLIH�F\FOH�FRVW�DQDO\VLV�VKRXOG�EH�DV�VKRUW�DV�SRVVLEOH�ZKLOH�
VWLOO�VDWLVI\LQJ�WKH�IROORZLQJ�FULWHULD�

�� /RQJ�HQRXJK�WKDW�IXUWKHU�FRVWV�PDNH�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�
results.

�� /RQJ�HQRXJK�WKDW�DW�OHDVW�WKH�¿UVW�FRPSOHWH�DVVHW�UHSODFHPHQW�F\FOH�LV�
included.
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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 
VLJQL¿FDQW�HYHQ�LI�GLVFRXQWHG�RYHU�D�UHODWLYHO\�ORQJ�SHULRG��$�IDLU�FRPSDULVRQ�
RI�DOWHUQDWLYHV�VKRXOG�WKHUHIRUH�LQFOXGH�DW�OHDVW�WKH�¿UVW�UHSODFHPHQW�F\FOH�IRU�
each of the alternatives being compared. The following analysis periods have 
EHHQ�XVHG�LQ�WKH�/&&$�

�� Pavements:�$����\HDU�DQDO\VLV�SHULRG�KDV�EHHQ�FKRVHQ�WR�DFFRXQW�IRU�DW�
least one complete reconstruction activity (which is estimated to occur 50 
\HDUV�DIWHU�LQLWLDO�FRQVWUXFWLRQ��RQ�DYHUDJH��DQG�FRPSDUH�WKDW�WR�D�VWUDWHJ\�
LQ�ZKLFK�UHFRQVWUXFWLRQ�DFWLYLW\�LV�GHOD\HG�E\�D�IHZ�\HDUV��GXH�WR�VKRUW�
WHUP�IXQGLQJ�FRQVWUDLQWV��DQG�OHVV�RSWLPDO�WUHDWPHQWV�DUH�VHOHFWHG�

�� Bridges, culverts, and deep stormwater tunnels: These assets 
KDYH�OLIHVSDQV�WKDW�SRWHQWLDOO\�H[WHQG�IRU�PXFK�ORQJHU�WKDQ�WKH����\HDU�
VFHQDULRV�DQDO\]HG�IRU�SDYHPHQWV��$V�D�UHVXOW��EDVHG�RQ�WKH�VHFRQG�
FULWHULRQ��D�����\HDU�OLIH�LV�XVHG�IRU�WKLV�ORQJHU�ODVWLQJ�DVVHW�FDWHJRU\�

�� Overhead sign structures and high-mast light tower structures: An 
DQDO\VLV�SHULRG�RI�����\HDUV�ZDV�FKRVHQ�EDVHG�RQ�D�UHYLHZ�RI�H[LVWLQJ�
literature that suggests that the life of these structures, with routine 
PDLQWHQDQFH�DQG�LQVSHFWLRQ��LV�H[SHFWHG�WR�EH�DW�OHDVW�����\HDUV�

7KH�/&&$�PRGHOLQJ�VWUDWHJLHV�SUHVHQWHG�LQ�WKH�7$03�DUH�VXPPDUL]HG�
in Figure 6-2.�7KH�³7\SLFDO�6WUDWHJ\´�UHÀHFWV�0Q'27¶V�FXUUHQW�SUDFWLFHV�
IRU�PDQDJLQJ�WKH�DVVHWV�DQG�WKH�³:RUVW�)LUVW´�VWUDWHJ\�LQYROYHV�FRPSOHWH�
replacement of the asset when it deteriorates to a Poor condition in the 
absence of preventive maintenance activities. The “Desired Strategy” 
�HVWDEOLVKHG�RQO\�IRU�SDYHPHQWV��FRUUHVSRQGV�WR�WKH�VWUDWHJ\�WKDW�0Q'27�
DVSLUHV�WR�DGRSW�LQ�RUGHU�WR�IXUWKHU�UHGXFH�WRWDO�OLIH�F\FOH�FRVWV�

)LJXUH������/LIH�&\FOH�&RVW�$QDO\VLV�0RGHOLQJ�6WUDWHJLHV

ASSET 7<3,&$/�675$7(*< :2567�),567�675$7(*< '(6,5('�675$7(*<

Pavements

�� Delay need for reconstruction 
by applying a combination 
of surface treatments, 
crack sealing, and mill and 
overlays, depending on 
condition of pavement and 
available budget.

�� 5HFRQVWUXFW�D�SDYHPHQW�DV�LW�
deteriorates to Poor condition 
without routine preservation 
activities.

�� Apply a major rehabilitation/ 
reconstruction activity at 
year 50, once the pavement 
has gone through a few 
preservation cycles and minor 
rehabilitation events.

%ULGJHV�DQG�/DUJH�
&XOYHUWV

�� Perform repair and 
preventive maintenance on 
approximately two percent of 
bridges and large culverts; 
wash about 75 percent of 
bridges annually.

�� Perform limited repair actions, 
based on funding availability 
and judgment of inspectors 
and district bridge engineers.

�� 5HSODFH�HQWLUH�EULGJH�RU�
large culvert structure as 
it deteriorates to a Poor 
condition without any 
preventive maintenance or 
repairs.

�� ,QVXI¿FLHQW�GDWD

+LJKZD\�&XOYHUWV

�� Perform various maintenance 
actions on approximately two 
percent of culverts annually; 
ÀXVK�HDFK�FXOYHUW�RQFH�HYHU\�
���\HDUV��

�� Maintenance work performed 
based on judgment of 
inspectors.

�� 5HSODFH�FXOYHUW�DV�LW�
deteriorates to a Poor 
condition without any 
preventive maintenance or 
repairs.

�� ,QVXI¿FLHQW�GDWD

Overhead Sign 
6WUXFWXUHV�DQG�+LJK�
0DVW�7RZHU�/LJKWV

�� Perform routine inspections 
after initial construction to 
determine maintenance 
needs.

�� Perform routine maintenance 
and major structural 
UHKDELOLWDWLRQ�RQ�DQ�DV�
QHHGHG�EDVLV��DV�LGHQWL¿HG�
through inspections.

�� Perform routine inspections 
after initial construction, but 
perform no maintenance.

�� 5HSODFH�VWUXFWXUH�LQ�D�
���\HDU�F\FOH��DVVXPLQJ�
deterioration to a condition 
when maintenance and 
rehabilitation are not 
H[SHFWHG�WR�EH�HIIHFWLYH��

�� ,QVXI¿FLHQW�GDWD

1RWHV��7\SLFDO�6WUDWHJ\�UHÀHFWV�FXUUHQW�0Q'27�SUDFWLFHV��'HVLUHG�6WUDWHJ\�UHÀHFWV�RSWLPDO�OLIH�F\FOH�VWUDWHJ\�DV�GHVFULEHG�LQ�0Q'27¶V�3DYHPHQW�'HVLJQ�0DQXDO��WKHUH�LV�
QRW�VXI¿FLHQW�GDWD�FXUUHQWO\�DYDLODEOH�IRU�RWKHU�DVVHW�FDWHJRULHV�
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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 
VLJQL¿FDQW�HYHQ�LI�GLVFRXQWHG�RYHU�D�UHODWLYHO\�ORQJ�SHULRG��$�IDLU�FRPSDULVRQ�
RI�DOWHUQDWLYHV�VKRXOG�WKHUHIRUH�LQFOXGH�DW�OHDVW�WKH�¿UVW�UHSODFHPHQW�F\FOH�IRU�
each of the alternatives being compared. The following analysis periods have 
EHHQ�XVHG�LQ�WKH�/&&$�
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\HDUV�DIWHU�LQLWLDO�FRQVWUXFWLRQ��RQ�DYHUDJH��DQG�FRPSDUH�WKDW�WR�D�VWUDWHJ\�
LQ�ZKLFK�UHFRQVWUXFWLRQ�DFWLYLW\�LV�GHOD\HG�E\�D�IHZ�\HDUV��GXH�WR�VKRUW�
WHUP�IXQGLQJ�FRQVWUDLQWV��DQG�OHVV�RSWLPDO�WUHDWPHQWV�DUH�VHOHFWHG�

�� Bridges, culverts, and deep stormwater tunnels: These assets 
KDYH�OLIHVSDQV�WKDW�SRWHQWLDOO\�H[WHQG�IRU�PXFK�ORQJHU�WKDQ�WKH����\HDU�
VFHQDULRV�DQDO\]HG�IRU�SDYHPHQWV��$V�D�UHVXOW��EDVHG�RQ�WKH�VHFRQG�
FULWHULRQ��D�����\HDU�OLIH�LV�XVHG�IRU�WKLV�ORQJHU�ODVWLQJ�DVVHW�FDWHJRU\�

�� Overhead sign structures and high-mast light tower structures: An 
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7KH�/&&$�PRGHOLQJ�VWUDWHJLHV�SUHVHQWHG�LQ�WKH�7$03�DUH�VXPPDUL]HG�
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absence of preventive maintenance activities. The “Desired Strategy” 
�HVWDEOLVKHG�RQO\�IRU�SDYHPHQWV��FRUUHVSRQGV�WR�WKH�VWUDWHJ\�WKDW�0Q'27�
DVSLUHV�WR�DGRSW�LQ�RUGHU�WR�IXUWKHU�UHGXFH�WRWDO�OLIH�F\FOH�FRVWV�

)LJXUH������/LIH�&\FOH�&RVW�$QDO\VLV�0RGHOLQJ�6WUDWHJLHV

ASSET 7<3,&$/�675$7(*< :2567�),567�675$7(*< '(6,5('�675$7(*<
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overlays, depending on 
condition of pavement and 
available budget.

�� 5HFRQVWUXFW�D�SDYHPHQW�DV�LW�
deteriorates to Poor condition 
without routine preservation 
activities.

�� Apply a major rehabilitation/ 
reconstruction activity at 
year 50, once the pavement 
has gone through a few 
preservation cycles and minor 
rehabilitation events.

%ULGJHV�DQG�/DUJH�
&XOYHUWV

�� Perform repair and 
preventive maintenance on 
approximately two percent of 
bridges and large culverts; 
wash about 75 percent of 
bridges annually.

�� Perform limited repair actions, 
based on funding availability 
and judgment of inspectors 
and district bridge engineers.

�� 5HSODFH�HQWLUH�EULGJH�RU�
large culvert structure as 
it deteriorates to a Poor 
condition without any 
preventive maintenance or 
repairs.

�� ,QVXI¿FLHQW�GDWD

+LJKZD\�&XOYHUWV

�� Perform various maintenance 
actions on approximately two 
percent of culverts annually; 
ÀXVK�HDFK�FXOYHUW�RQFH�HYHU\�
���\HDUV��

�� Maintenance work performed 
based on judgment of 
inspectors.

�� 5HSODFH�FXOYHUW�DV�LW�
deteriorates to a Poor 
condition without any 
preventive maintenance or 
repairs.

�� ,QVXI¿FLHQW�GDWD

Overhead Sign 
6WUXFWXUHV�DQG�+LJK�
0DVW�7RZHU�/LJKWV

�� Perform routine inspections 
after initial construction to 
determine maintenance 
needs.

�� Perform routine maintenance 
and major structural 
UHKDELOLWDWLRQ�RQ�DQ�DV�
QHHGHG�EDVLV��DV�LGHQWL¿HG�
through inspections.

�� Perform routine inspections 
after initial construction, but 
perform no maintenance.

�� 5HSODFH�VWUXFWXUH�LQ�D�
���\HDU�F\FOH��DVVXPLQJ�
deterioration to a condition 
when maintenance and 
rehabilitation are not 
H[SHFWHG�WR�EH�HIIHFWLYH��

�� ,QVXI¿FLHQW�GDWD

1RWHV��7\SLFDO�6WUDWHJ\�UHÀHFWV�FXUUHQW�0Q'27�SUDFWLFHV��'HVLUHG�6WUDWHJ\�UHÀHFWV�RSWLPDO�OLIH�F\FOH�VWUDWHJ\�DV�GHVFULEHG�LQ�0Q'27¶V�3DYHPHQW�'HVLJQ�0DQXDO��WKHUH�LV�
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$�NH\�JRDO�RI�D�/&&$�LV�WR�¿QG�WKH�RSWLPDO�OHYHO�RI�PDLQWHQDQFH�ZKHUH�OLIH�
cycle costs are kept to an absolute minimum. This point may be known as the 
³KDSS\�PHGLXP�´�ZKHUH�PDLQWHQDQFH�H[SHQGLWXUHV�DUH�QHLWKHU�WRR�IUHTXHQW�
QRU�GHOD\HG�WRR�ORQJ��7\SLFDOO\��D�ZHOO�PDLQWDLQHG�SDYHPHQW�RU�EULGJH��ZKHQ�
PDLQWDLQHG�DW�D�OHYHO�WKDW�PLQLPL]HV�FRVWV�LQ�WKH�ORQJ�WHUP��LV�NHSW�LQ�UHODWLYHO\�
good condition. Over the life of a facility, well-timed maintenance is 
estimated to cut life-cycle costs roughly in half, compared to a policy 
where no maintenance is performed at all.

PAVEMENTS
5RDGZD\V��VHH�Figure 6-3��DUH�D�FULWLFDO�SDUW�RI�0Q'27¶V�WUDQVSRUWDWLRQ�
network, providing mobility and access to a wide range of users. The roadway 
network not only contributes to the economy of the state, but also connects 
communities and provides access to schools, services, work, and places that 
matter most to Minnesotans. Pavements are a major part of this roadway 
network, providing a durable and safe traveling surface. 

)LJXUH������7\SLFDO�,QWHUVWDWH�5RDGZD\�LQ�WKH�7ZLQ�&LWLHV�0HWUR�$UHD

As discussed in Chapter 1 and Chapter 4, MnDOT maintains an inventory 
RI�PRUH�WKDQ��������URDGZD\�PLOHV�RI�SDYHPHQWV�VWDWHZLGH��ZKHUH�WKH�
1+6�SDYHPHQWV��,QWHUVWDWHV��QRQ�,QWHUVWDWH�1+6��DQG�ORFDOO\�RZQHG�1+6��
FRPSULVH�RYHU�������URDGZD\�PLOHV�DQG�WKH�QRQ�1+6�SDYHPHQWV�FRPSULVH�
almost 6,800 roadway miles of the total inventory. The current replacement 
YDOXHV�RI�1+6�DQG�QRQ�1+6�SDYHPHQWV�DUH�DSSUR[LPDWHO\�����ELOOLRQ�DQG�����
billion, respectively. These staggering costs demonstrate the need for a sound 
framework and methodological approach to manage these assets to the lowest 
OLIH�F\FOH�FRVW��
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3DYHPHQWV�GHWHULRUDWH�RYHU�WLPH�GXH�WR�HQYLURQPHQWDO�IDFWRUV�DQG�WUDI¿F�
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. A 
typical pavement deterioration model demonstrating the impact of preservation 
is illustrated in Figure 6-4.

)LJXUH������7\SLFDO�3DYHPHQW�'HWHULRUDWLRQ�0RGHO�,OOXVWUDWLQJ�,PSDFW�RI�
Preservation

MnDOT has been actively involved in pavement preservation over the last 
decade to help sustain and improve the conditions of the existing pavement 
and delay the investments needed in major rehabilitation or reconstruction 
activities. 

The typical preservation and rehabilitation treatments used by MnDOT on 
LWV�DVSKDOW�VXUIDFHG�SDYHPHQWV�LQFOXGH�FUDFN�VHDOLQJ��VXUIDFH�WUHDWPHQWV�
�H�J��VOXUU\�VHDOV��FKLS�VHDOV��DQG�PLFURVXUIDFLQJ���IXOO�GHSWK�UHFODPDWLRQ��
and asphalt mill and overlays. Typical preservation and rehabilitation 
WUHDWPHQWV�RQ�FRQFUHWH�VXUIDFHG�SDYHPHQWV�LQFOXGH�MRLQW�UHVHDOLQJ��SDUWLDO�
GHSWK�UHSDLUV��PLQRU�PDMRU�FRQFUHWH�SDYHPHQW�UHSDLUV��H�J��GRZHO�EDU�UHWUR¿W��
GLDPRQG�JULQGLQJ��IXOO�GHSWK�UHSDLUV���DQG�XQERQGHG�RYHUOD\V��:KLOH�VRPH�
treatments discussed above 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 (like friction loss or 
K\GURSODQLQJ�GXH�WR�UXWWLQJ�LQ�WKH�ZKHHO�SDWKV���7KH�REMHFWLYH�LV�WR�VORZ�GRZQ�
the rate of deterioration and provide a smooth, durable, and safe roadway for 
WKH�XVHUV�DW�WKH�ORZHVW�OLIH�F\FOH�FRVW�
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7KH�UHVXOWV�RI�WKH�OLIH�F\FOH�FRVW�DQDO\VLV�KLJKOLJKWLQJ�WKH�PDJQLWXGH�RI�
differences in costs for each strategy are shown in Figure 6-5.

)LJXUH������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��3DYHPHQWV�

MnDOT’s current policy results in a savings of approximately 58 percent of 

IXWXUH�OLIH�F\FOH�FRVWV�ZKHQ�FRPSDUHG�WR�WKH�ZRUVW�¿UVW�VWUDWHJ\��7KLV�LV�D�
VDYLQJV�RI�DERXW����������SHU�ODQH�PLOH�RI�SDYHPHQW�RU�DSSUR[LPDWHO\�����
billion over the entire inventory over the 70 year analysis period. Future costs 

�PDLQWHQDQFH�DQG�FDSLWDO��UDQJH�IURP������GHVLUHG��WR������ZRUVW�¿UVW��WLPHV�WKH�
initial cost of a capital project, depending on the treatment strategy used.

7KH�UHVXOWV�RI�WKH�/&&$�VKRZ�WKH�FRVW�HIIHFWLYHQHVV�RI�WKH�SUHVHUYDWLRQ�
strategy used by MnDOT to manage the pavements on the state highway 

V\VWHP��7KH�VOLJKWO\�KLJKHU�OLIH�F\FOH�FRVWV�WKDW�0Q'27�LV�LQFXUULQJ�WKURXJK�
its “typical” management strategy when compared to the “desired” strategy 

is the result of the need to balance investments between competing priorities 

(e.g., meeting state/federal targets, higher level of investment needed on some 

FULWLFDO�SDYHPHQW�VHFWLRQV�LQ�3RRU�FRQGLWLRQ���
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%5,'*(6�$1'�/$5*(�&8/9(576
%ULGJHV�DUH�ODUJH��FRPSOH[��DQG�H[SHQVLYH�DVVHWV�WKDW�DUH�FXVWRP�GHVLJQHG�
DQG�EXLOW�WR�VDWLVI\�D�ZLGH�YDULHW\�RI�UHTXLUHPHQWV��$OO�FXOYHUWV�RI�DW�OHDVW����
IHHW�LQ�GLDPHWHU��DQG�VRPH�LPSRUWDQW�VPDOOHU�FXOYHUWV��DUH�LQVSHFWHG�DQG�
PDQDJHG�DV�EULGJHV��7KH�EULGJHV�DGGUHVVHG�LQ�WKLV�7$03��1+6��QRQ�1+6��
ODUJH�FXOYHUWV��KDYH�D�UHSODFHPHQW�YDOXH�RI�DSSUR[LPDWHO\����ELOOLRQ��$OWKRXJK�
EULGJHV�DQG�ODUJH�FXOYHUWV�DUH�PDQDJHG�XVLQJ�WKH�VDPH�V\VWHP��WKH�/&&$�ZDV�
performed separately because deterioration rates, treatment costs and types 
are different.

&RQVLVWHQW�ZLWK�)HGHUDO�DQG�LQGXVWU\�VSHFL¿FDWLRQV��0Q'27�SHUIRUPV�D�
detailed inspection on all of its bridges on a periodic basis, usually at two year 
intervals as outlined in the MnDOT Bridge Inspection Best Practices Manual. 
3UHYHQWLYH�PDLQWHQDQFH�DFWLRQV�±�ÀXVKLQJ��FUDFN�VHDOLQJ��SDLQWLQJ��HWF��±�DUH�
W\SLFDOO\�SHUIRUPHG�DFFRUGLQJ�WR�DQ�DVVLJQHG�IUHTXHQF\��ZKLFK�LV�GHWHUPLQHG�
using criteria such as the activity performed, bridge age and type, condition, 
DQG�WUDI¿F�YROXPH�DQG�FRQWURO��0RVW�EULGJHV�DUH�ÀXVKHG�DQQXDOO\�WR�UHPRYH�
corrosive salts from the bridge deck and other elements like joints, drains, 
bearing seats, and superstructure elements (e.g. beam ends, lower chord 
PHPEHUV���6WDI¿QJ��IXQGLQJ��ZRUN�]RQH�WUDI¿F�FRQWURO�OLPLWDWLRQV�RQ�KLJK�
YROXPH�EULGJHV��W\SLFDOO\�RQ�,QWHUVWDWH�+LJKZD\V���DQG�RWKHU�V\VWHP�SULRULWLHV�
FRQVWUDLQ�0Q'27�IURP�EHLQJ�DEOH�WR�ÀXVK�DOO�EULGJHV�DQQXDOO\��5HDFWLYH�
maintenance actions, like patching, are performed based on conditions noted 
in the inspections.

Most bridges in the inventory are designed to last 50 years, but MnDOT 
H[SHULHQFH�KDV�VKRZQ�WKDW�PDQ\�RI�WKHP�FDQ�ODVW�PXFK�ORQJHU�LI�ZHOO�
maintained. Newer bridges are designed for a 75 year life using more 
advanced materials and construction methods.

Bridges and culverts deteriorate over time. In particular, steel is strong, light, 
and inexpensive, but is prone to corrosion. Paint and concrete cover the steel 
and protect it from corrosion [see Figure 6-6 (a)]. But paint and concrete are 
RIWHQ�H[SRVHG�WR�ZHDWKHU��WUDI¿F��HURVLRQ��DQLPDOV��FKHPLFDOV��DQG�FROOLVLRQV��
DQG�WKHUHIRUH�UHTXLUH�UHJXODU�FDUH��7KHVH�PDWHULDOV�FDQ�DOVR�FUDFN�DV�WKH\�
age, thus weakening their structural strength and allowing corrosive water and 
FKHPLFDOV�WR�SHQHWUDWH�WKH�PDWHULDOV��ZRUVHQLQJ�GHWHULRUDWLRQ��&HUWDLQ�EULGJH�
PDWHULDOV��HVSHFLDOO\�WLPEHU�PD\�DOVR�EH�VXEMHFW�WR�DWWDFN�E\�LQVHFWV�DQG�PLFUR�
organisms.
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)LJXUH�������D��&RUURVLRQ�RQ�D�%ULGJH�6WUXFWXUH�(OHPHQW��E��/DUJH�&XOYHUW

&XOYHUWV�>VHH Figure 6-6 (b)] tend to be more durable due to the fact that 
they are generally protected underground and are manufactured under more 
controlled conditions. They also deteriorate, but at a slower rate than bridges.

Bridges and large culverts in water are vulnerable to scour of their foundations, 
YHVVHO�FROOLVLRQV��DQG�ÀRRG�GDPDJH��0RVW�EULGJHV�KDYH�H[SDQVLRQ�MRLQWV�DQG�
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 
RWKHU�IRUHLJQ�PDWHULDOV��7KH�UHVXOWV�RI�WKH�OLIH�F\FOH�FRVW�DQDO\VLV�IRU�EULGJH�
structures highlighting the magnitude of differences in costs for each strategy 
are shown in Figure 6-7.
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)LJXUH������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��%ULGJHV�

MnDOT’s typical preventative maintenance strategies extend the average 
service life of each structure from about 50 years to about 80 years. MnDOT’s 
FXUUHQW�SROLF\�VDYHV�DERXW����SHUFHQW�RI�IXWXUH�OLIH�F\FOH�FRVWV��D�VDYLQJV�RI�
���������SHU�EULGJH�RU������PLOOLRQ�IRU�WKH�HQWLUH�1+6�LQYHQWRU\�RYHU�WKH�����
year analysis period. Small investments in improved asset management can 
KDYH�D�YHU\�VLJQL¿FDQW�UHWXUQ�ZKHQ�FRQVLGHULQJ�WKH�ODUJH�EULGJH�LQYHQWRU\��7KH�
UHVXOWV�LOOXVWUDWH�WKDW�IXWXUH�FRVWV��PDLQWHQDQFH�DQG�FDSLWDO���DUH�DSSUR[LPDWHO\�
������W\SLFDO��WR�������ZRUVW�¿UVW��WLPHV�WKH�LQLWLDO�FRVW�RI�D�FDSLWDO�SURMHFW��

7KH�UHVXOWV�RI�WKH�/&&$�IRU�ODUJH�FXOYHUWV�KLJKOLJKWLQJ�WKH�PDJQLWXGH�RI�
differences in costs for each strategy are shown in Figure 6-8. 

)LJXUH������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��/DUJH�&XOYHUWV�
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)LJXUH������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��+LJKZD\�&XOYHUWV�
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0Q'27¶V�W\SLFDO�VWUDWHJ\�UHVXOWV�LQ�D�VDYLQJV�RI�DSSUR[LPDWHO\����SHUFHQW�
RI�IXWXUH�OLIH�F\FOH�FRVWV��D�VDYLQJV�RI�DERXW���������SHU�ODUJH�FXOYHUW��RU�
����PLOOLRQ�RYHU�WKH�LQYHQWRU\��7KH�UHVXOWV�IXUWKHU�LOOXVWUDWH�WKDW�IXWXUH�FRVWV�
�PDLQWHQDQFH�DQG�FDSLWDO��DUH�DSSUR[LPDWHO\������W\SLFDO��WR������ZRUVW�¿UVW��
times the initial cost of a capital project.

+,*+:$<�&8/9(576�$1'�'((3�67250:$7(5�7811(/6
MnDOT maintains an inventory of more than 47,000 highway culverts on the 
VWDWH�KLJKZD\�V\VWHP��ZKLFK�LQFOXGHV�1+6�DQG�QRQ�1+6�KLJKZD\V��7KHVH�
KDYH�D�UHSODFHPHQW�YDOXH�RI�DSSUR[LPDWHO\������ELOOLRQ��&XOYHUWV�DUH�LQVSHFWHG�
RQ�DQ�LQWHUYDO�WKDW�LV�EDVHG�RQ�FRQGLWLRQ�DQG�ULVN��QHZ�DVVHWV�DUH�LQVSHFWHG�
every six years, while those in Poor condition may be inspected every year or 
every other year.

&XOYHUWV�DUH�ÀXVKHG�DERXW�RQFH�HYHU\����\HDUV�WR�UHPRYH�DFFXPXODWHG�GHEULV�
DQG�D�VPDOO�IUDFWLRQ�RI�WKHP�UHFHLYH�FRQGLWLRQ�EDVHG�UHSDLUV�DV�ZDUUDQWHG��
These assets are manufactured under relatively controlled conditions 
�FRPSDUHG�WR�EULGJHV��DQG��LQ�PRVW�FDVHV��KDYH�D�YHU\�ORQJ�OLIH�

Drainage culverts do gradually deteriorate, exhibiting corrosion, settlement, 
GHIRUPDWLRQ��VFRXU�IURP�ÀRRGV��LPSDFW�GDPDJH��DQG�EXLOGXS�RI�GHEULV��2QH�
relatively common problem is leakage where water intrudes into surrounding 
soil and washes it away, creating air pockets. The presence of these pockets 
tends to accelerate deterioration and can potentially cause a local collapse of 
the roadway above.

Figure 6-9 VKRZV�WKH�UHVXOWV�RI�WKH�OLIH�F\FOH�FRVW�DQDO\VLV�IRU�KLJKZD\�FXOYHUWV��
highlighting the magnitude of differences in costs for each strategy. 



CHAPTER 6          LIFE-CYCLE COST CONSIDERATIONS PAGE     75

MnDOT performs maintenance activities on approximately two percent of the 
highway culverts per year, including resetting culvert ends, repairing joints, 
culvert lining, culvert replacement, and paving the lower interior of the culvert. 
0Q'27¶V�FXUUHQW�SROLF\�VDYHV�DERXW����SHUFHQW�RI�IXWXUH�OLIH�F\FOH�FRVWV��D�
VDYLQJV�RI��������SHU�FXOYHUW��RU������PLOOLRQ�IRU�WKH�ZKROH�LQYHQWRU\�RYHU�
the 200 year analysis period, compared to taking no maintenance action at 
DOO��8QGHU�WKHVH�VFHQDULRV��WKH�W\SLFDO�VHUYLFH�OLIH�RI�ERWK�W\SHV�RI�FXOYHUWV�LV�
SURMHFWHG�WR�EH�DERXW�����\HDUV��7KH�IXWXUH�FRVWV��PDLQWHQDQFH�DQG�FDSLWDO��IRU�
FXOYHUWV�DUH�VLJQL¿FDQW��UDQJLQJ�IURP������W\SLFDO��WR������ZRUVW�¿UVW��WLPHV�WKH�
original cost of the culvert. 

7KH�UHVXOWV�RI�WKH�OLIH�F\FOH�FRVW�DQDO\VLV�IRU�GHHS�VWRUPZDWHU�WXQQHOV�
highlighting the magnitude of differences in costs for each strategy are shown 
in Figure 6-10. 

)LJXUH�������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��'HHS�6WRUPZDWHU�7XQQHOV�
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MnDOT maintains an inventory of 7 deep stormwater tunnels that are 
comprised of a total of 50 individual segments of varying lengths, covering a 
total length of approximately 70,000 linear feet. All seven tunnels have had 
GHWDLOHG�LQVSHFWLRQ�VWXGLHV�FRPSOHWHG��ZKLFK�LGHQWLI\�VSHFL¿F�FRQGLWLRQV�DQG�
UHSDLUV��7KH�&LW\�RI�0LQQHDSROLV�DOVR�SHUIRUPV�D�YLVXDO�ZDON�WKURXJK�LQVSHFWLRQ�
of tunnels every two years. Tunnel conditions range from Good to Very Poor, 
with a majority of the segments in Poor or Very Poor condition. It should be 
QRWHG�WKDW�GDWD�IRU�WKH�/&&$�DUH�EDVHG�RQ�0Q'27¶V�H[SHUW�RSLQLRQ�DQG�
considered to be rough estimates. The best available estimate is that the total 
replacement value of these assets is approximately $240 million. A reliable 
PDLQWHQDQFH�VFKHGXOH�ZRXOG�KDYH�EHQH¿WV�VLPLODU�LQ�UHODWLYH�VFDOH�WR�FXOYHUWV��
but deep stormwater tunnels currently receive little maintenance. The future 
maintenance costs associated with deep stormwater tunnels range from 2.5 
�W\SLFDO��WR������ZRUVW�¿UVW��WLPHV�WKH�LQLWLDO�FRVW�RI�WKH�WXQQHO�
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29(5+($'�6,*1�6758&785(6�$1'�+,*+�0$67�/,*+7�
72:(5�6758&785(6
MnDOT maintains an inventory of almost 2,400 overhead sign structures and 
����KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�VWDWHZLGH��&XUUHQW�UHSODFHPHQW�YDOXHV�
RI�DOO�RYHUKHDG�VLJQ�VWUXFWXUHV�DQG�DOO�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�DUH�
DSSUR[LPDWHO\������PLOOLRQ�DQG�����PLOOLRQ��UHVSHFWLYHO\��+LJK�PDVW�OLJKW�WRZHU�
VWUXFWXUHV�DUH�LQVSHFWHG�RQ�D�¿YH�\HDU�F\FOH�GXH�WR�0Q'27¶V�IRUPDOL]HG�
inspection program; a similar program does not currently exist for overhead 
VLJQ�VWUXFWXUHV��,QVWHDG��D�OHVV�IRUPDOL]HG�HOHPHQW�OHYHO�LQVSHFWLRQ�SURFHVV�
and rating system is used for overhead sign structures. As a result of this TAMP 
process, MnDOT has developed a uniform statewide overhead sign structure 
inspection form and is working on creating a corresponding statewide inventory 
and inspection spreadsheet.

Figure 6-11�VKRZV�D�W\SLFDO�RYHUKHDG�VLJQ�VWUXFWXUH�LQ�WKH�7ZLQ�&LWLHV�PHWUR�
DUHD��8QOLNH�SDYHPHQWV�DQG�EULGJHV��ZKLFK�DUH�PDQDJHG�WKURXJK�D�IDLUO\�
mature process, protocols for inspection and management of overhead sign 
VWUXFWXUHV�DQG�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�DUH�UHODWLYHO\�QHZ��2YHU�WKH�ODVW�
FRXSOH�RI�\HDUV��0Q'27�KDV�LQYHVWHG�VLJQL¿FDQW�UHVRXUFHV�WR�LPSURYH�WKH�ZD\�
these assets are managed.

)LJXUH�������2YHUKHDG�6LJQ�6WUXFWXUH

Typical reactive maintenance activities performed on overhead sign structures 
include tightening nuts and removing grout. Minor rehabilitation activities 
SHUIRUPHG�LQFOXGH�UH�JUDGLQJ�IRRWLQJ��UHSODFLQJ�ZHOGV��UHPRYLQJ�FDWZDONV�
lighting, and replacing individual elements. Typical maintenance actions 
SHUIRPHG�RQ�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�LQFOXGH�WLJKWHQLQJ�DQG�OHYHOOLQJ�
of nuts, removing debris, and replacing components that are not functioning 
DGHTXDWHO\��
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Deterioration of these assets results from environmental loading (e.g. winds 
DQG�RWKHU�FOLPDWLF�HIIHFWV�OLNH�UDLQ��VQRZ��KHDW��DQG�SDVW�LPSURSHU�LQVWDOODWLRQ�
RI�VHOHFW�FRPSRQHQWV��H�J��QXWV�QRW�WLJKWHQHG�DGHTXDWHO\�GXULQJ�LQLWLDO�
LQVWDOODWLRQ���

7KH�UHVXOWV�RI�WKH�OLIH�F\FOH�FRVW�DQDO\VLV�IRU�RYHUKHDG�VLJQ�VWUXFWXUHV�
highlighting the magnitude of differences in costs for each strategy are shown 
in Figure 6-12��)XWXUH�FRVWV��PDLQWHQDQFH�DQG�FDSLWDO��DVVRFLDWHG�ZLWK�
RYHUKHDG�VLJQ�VWUXFWXUHV�UDQJH�IURP������W\SLFDO��WR������ZRUVW�¿UVW��WLPHV�WKH�
initial cost. The condition of the majority of the overhead sign structures is 
JHQHUDOO\�)DLU�WR�*RRG��'DWD�IRU�OLIH�F\FOH�FRVW�DQDO\VLV�DUH�EDVHG�SULPDULO\�RQ�
expert opinion and the best data available.

)LJXUH�������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��2YHUKHDG�6LJQ�6WUXFWXUHV�
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As with overhead sign structures, expert opinion was used to develop 
HVWLPDWHV�IRU�WKH�PDLQWHQDQFH�FRVWV�DVVRFLDWHG�ZLWK�KLJK�PDVW�OLJKW�WRZHU�
structures. Future inspections and a consistent format for documenting the 
maintenance work performed on these structures and associated costs will 
KHOS�LPSURYH�WKH�OLIH�F\FOH�FRVW�HVWLPDWHV��$V�GHPRQVWUDWHG�WKURXJK�WKH�
DQDO\VLV��IXWXUH�FRVWV��PDLQWHQDQFH�DQG�FDSLWDO��DVVRFLDWHG�ZLWK�KLJK�PDVW�OLJKW�
WRZHU�VWUXFWXUHV�DUH�HVWLPDWHG�WR�UDQJH�IURP�������W\SLFDO��WR������ZRUVW�¿UVW��
times the cost of the original structure.

7KH�UHVXOWV�RI�WKH�OLIH�F\FOH�FRVW�DQDO\VLV�IRU�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�
highlighting the magnitude of differences in costs for each strategy are shown 
in Figure 6-13.

)LJXUH�������6XPPDU\�RI�/LIH�&\FOH�&RVW�$QDO\VLV�5HVXOWV��+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV�
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6XPPDU\�RI�/LIH�&\FOH�&RVW�(VWLPDWHV

Figure 6-14 VXPPDUL]HV�DQQXDOL]HG�OLIH�F\FOH�FRVWV�IRU�HDFK�DVVHW�ZKLOH�Figure 6-15 
VXPPDUL]HV�V\VWHP�OHYHO��OLIH�F\FOH�FRVW�DQDO\VLV�UHVXOWV�E\�DVVHW�

)LJXUH�������$QQXDOL]HG�/LIH�&\FOH�&RVW�(VWLPDWHV�E\�$VVHW

$66(7�&/$66 $118$/,=('�&267
Pavements ��������SHU�ODQH�PLOH
%ULGJHV��/DUJH�%ULGJHV ��������SHU�EULGJH
%ULGJHV��&XOYHUWV����IHHW�RU�JUHDWHU �������SHU�ODUJH�FXOYHUW
+\GUDXOLF�,QIUDVWUXFWXUH��+LJKZD\�&XOYHUWV �����SHU�VPDOO�FXOYHUW
+\GUDXOLF�,QIUDVWUXFWXUH��'HHS�6WRUPZDWHU�7XQQHOV ��������SHU�PLOH�RI�WXQQHO
2WKHU�7UDI¿F�6WUXFWXUHV��2YHUKHDG�6LJQ�6WUXFWXUHV �����SHU�VWUXFWXUH
2WKHU�7UDI¿F�6WUXFWXUHV��+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV $400 per structure

)LJXUH�������6\VWHP�/HYHO�/LIH�&\FOH�&RVW�(VWLPDWHV

$66(7�&/$66 5(3/$&(0(17�
&267

)8785(�&267��
:2567�),567

)8785(�&267��
&855(17�32/,&<

3DYHPHQWV��1+6� ������ ������ 6,600

3DYHPHQWV��QRQ�1+6� ������ ������ 5,600

Bridges 4,000 ����� �����
+LJKZD\�&XOYHUWV ����� 400 285

Deep Stormwater Tunnels 240 ��� ���
Overhead Sign Structures 200 ��� 80

+LJK�0DVW�/LJKW�7RZHU�6WUXFWXUHV 20 20 ��

1RWH��$OO�DPRXQWV�DUH�PLOOLRQ�GROODUV��LQ�WRGD\¶V�GROODUV

The information in Figure 6-14 shows how much it costs per year to maintain 

an asset when construction, inspection, maintenance, and disposal costs are 

WRWDOOHG�DQG�GLYLGHG�E\�WKH�/&&$�SHULRG��QXPEHU�RI�\HDUV���

The information in Figure 6-15 shows that timely preservation work is very 

HIIHFWLYH�LQ�UHGXFLQJ�OLIH�F\FOH�FRVWV�IRU�SDYHPHQWV�DQG�EULGJHV��SULPDULO\�E\�
H[WHQGLQJ�WKH�OLIHVSDQV�RI�WKHVH�DVVHWV��&XUUHQWO\��0Q'27�GRHV�QRW�KDYH�IXOO\�
LPSOHPHQWHG�WRROV�WR�RSWLPL]H�SUHVHUYDWLRQ�SROLFLHV��$V�D�UHVXOW��LW�LV�EHOLHYHG�
WKDW�JUHDWHU�FRVW�VDYLQJV�FRXOG�EH�DFKLHYHG�WKURXJK�¿QH�WXQLQJ�WKH�WLPLQJ�DQG�
application of preservation actions. For assets like overhead sign structures 

DQG�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV��URXWLQH�LQVSHFWLRQ�RI�WKH�VWUXFWXUHV�WR�
HQVXUH�WKDW�WKH\�DUH�RSHUDWLQJ�DV�LQWHQGHG�LV�H[SHFWHG�WR�UHGXFH�OLIH�F\FOH�
costs. 
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,PSURYLQJ�/LIH�&\FOH�0DQDJHPHQW

7KH�SULPDU\�SXUSRVH�RI�OLIH�F\FOH�FRVW�DQDO\VLV�LV�WR�DQVZHU�WKH�TXHVWLRQ��
:KLFK�LQYHVWPHQWV��PDGH�WRGD\��DUH�PRVW�FRVW�HIIHFWLYH�LQ�WKH�ORQJ�WHUP�
WR�NHHS�WKH�LQIUDVWUXFWXUH�LQ�VHUYLFH"�2IWHQ��WKH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�
preventive maintenance or preservation work on assets that are in relatively 
JRRG�FRQGLWLRQ��/LIH�F\FOH�FRVW�DQDO\VLV�LV�XVHG�WR�LGHQWLI\�DQG�SULRULWL]H�
the best opportunities and timing for this strategic activity. In transportation 
DVVHW�PDQDJHPHQW��VWDWH�RI�WKH�DUW�OLIH�F\FOH�PDQDJHPHQW�LV�TXDQWLWDWLYH�
DQG�VFLHQWL¿F��EDVHG�RQ�UHVHDUFK�DQG�DQDO\VLV�RI�KLVWRULFDO�FRQGLWLRQ�
and performance data. Predictive models for deterioration, cost, action 
effectiveness, and risk allow an agency to reliably forecast the outcomes 
RI�SROLFLHV�DQG�SURJUDP�GHYHORSPHQW�GHFLVLRQV��&RPELQHG�ZLWK�WKH�DELOLW\�
WR�JHQHUDWH�SROLF\�DQG�SURJUDP�DOWHUQDWLYHV��WKLV�DSSURDFK�HQDEOHV�EHWWHU�
LQIRUPHG�GHFLVLRQ�PDNLQJ�

0Q'27�KDV�WRROV�LQ�SODFH�IRU�SDYHPHQWV�DQG�EULGJHV�WR�KHOS�RSWLPL]H�OLIH�
cycle management. However, these tools are not fully implemented because 
either the necessary research for predictive models has not been performed 
or maintenance costs could not easily be merged with performance data to 
document the increased costs of maintenance if capital improvements are not 
SHUIRUPHG��+RZHYHU��WKH�DJHQF\�GRHV�KDYH�VXI¿FLHQW�GDWD�WR�VXSSRUW�VXFK�
research for several of the major asset classes.

During the development of this TAMP, MnDOT developed a set of spreadsheet 
PRGHOV�WR�DSSUR[LPDWH�D�OLIH�F\FOH�FRVW�DQDO\VLV��6XFK�PRGHOV�FRXOG�EH�
extended to make use of research results for any asset class, provided that 
a complete inventory and routine inspection process is in place. Examples of 
/&&$�VSUHDGVKHHW�PRGHOV�DUH�LQFOXGHG�LQ�WKH�OLIH�F\FOH�FRVW�VHFWLRQ�RI�WKH�
Technical Guide.

.H\�FRQFOXVLRQV�IURP�WKH�/&&$�WKDW�VHUYH�DV�GULYHUV�IRU�LPSURYLQJ�H[LVWLQJ�
PDQDJHPHQW�SUDFWLFHV�DQG�LQYHVWPHQW�VWUDWHJLHV�DUH�VXPPDUL]HG�EHORZ�

�� ,QYHVWPHQWV�LQ�SDYHPHQW�SUHVHUYDWLRQ�KDYH�VLJQL¿FDQWO\�UHGXFHG�OLIH�F\FOH�
maintenance costs. MnDOT should continue to proactively maintain its 
pavements and should closely manage preventive maintenance activities 
for the entire state highway system.
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�� 6WULYH�WR�ORZHU�QHWZRUN�OLIH�F\FOH�FRVWV�E\�FRQVLGHULQJ�PDMRU�UHKDELOLWDWLRQ�
or reconstruction activities for pavements that are over 50 years old (in 
lieu of treatments like mill and overlays that become less effective as the 
SDYHPHQW�VWUXFWXUH�DJHV���:KHQ�IXQGLQJ�DOORZV��0Q'27�VKRXOG�LQYHVW�
LQ�ORQJ�WHUP�¿[HV�DW�WKH�HQG�RI�D�SDYHPHQW¶V�OLIH��4XDQWLI\LQJ�WKH�EHQH¿WV�
RI�SHUIRUPLQJ�WKH�ULJKW�¿[�IRU�URDGV�RYHU����\HDUV�ROG�ZLOO�DOORZ�0Q'27�
WR�KDYH�FRQVLGHUDEOH�OLIH�F\FOH�FRVW�VDYLQJV��)RU�H[DPSOH��0Q'27¶V�
0DWHULDOV�2I¿FH�ZRUNV�FORVHO\�ZLWK�WKH�GLVWULFWV�WR�UHFRPPHQG�WKH�PRVW�
DSSURSULDWH�SDYHPHQW�OLIH�F\FOH�FRVW�¿[HV�DW�WKH�SURMHFW�OHYHO�±�EDVHG�RQ�
WDUJHWV��¿QDQFLDO�FRPPLWPHQWV��LQYHVWPHQW�VWUDWHJLHV��DJH��DQG�KLVWRU\�

�� Invest in research studies to better understand deterioration of bridges, 
FXOYHUWV��GHHS�VWRUPZDWHU�WXQQHOV��RYHUKHDG�VLJQ�VWUXFWXUHV�DQG�KLJK�
PDVW�OLJKW�WRZHU�VWUXFWXUHV��WKHUHE\�LPSURYLQJ�WKH�DFFXUDF\�RI�ORQJ�WHUP�
investment decisions. For example, the effectiveness of slipliners to 
extend culvert life is understood only anecdotally, as is the phenomenon 
of void formation around the culvert joints. Such understanding would help 
MnDOT select more appropriate maintenance actions and develop new 
and more effective treatments. 

�� Make a conscious effort to move from a reactive to a more proactive 
approach for culverts, deep stormwater tunnels, overhead sign structures 
DQG�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV��2YHUKHDG�VLJQ�VWUXFWXUHV�DQG�KLJK�
mast light tower structures must be inspected more consistently in order 
to anticipate problems that other agencies have found to be common, 
especially fatigue cracking.

�� 7KH�/&&$�GHPRQVWUDWHG�WKH�RQJRLQJ�PDLQWHQDQFH�DQG�FDSLWDO�
commitments associated with adding assets to the state’s inventory. 
7KHVH�FRVWV�UHSUHVHQW�VLJQL¿FDQW�IXWXUH�OLDELOLWLHV�WKDW�DUH�QRW�DOZD\V�
accounted for in traditional planning and programming processes. 
Therefore, MnDOT should develop a process for considering them when 
contemplating capital improvements.
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Chapter 7
PERFORMANCE GAPS
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PERFORMANCE GAPS
Overview

Asset condition is a critically important component of the highway system’s 
overall performance. Assets that are maintained in a state of good repair 
VXSSRUW�VDIH�DQG�HI¿FLHQW�WUDYHO�DQG�DUH�OHVV�FRVWO\�WR�RSHUDWH�RYHU�DQ�HQWLUH�
life-cycle. MnDOT continuously monitors and reports asset condition using 
the business practices and performance measures described in Chapter 
3. This information serves as the basis for MnDOT’s preservation driven 
investment programs and maintenance activities. For pavements and bridges, 
DVVHW�FRQGLWLRQ�LV�DOVR�XVHG�WR�LGHQWLI\�SHUIRUPDQFH�JDSV��GH¿QHG�KHUH�DV�WKH�
difference between existing and desired performance.

This chapter presents 2012 condition results alongside target 
recommendations for state highway pavements, bridges, highway culverts, 
deep stormwater tunnels, overhead sign structures, and high-mast light 
tower structures. These target recommendations provide points of reference 
for evaluating condition and the adequacy of MnDOT’s planned investment. 
New targets for highway culverts, deep stormwater tunnels, overhead sign 
structures, and high-mast light tower structures also have the potential to 
elevate the importance of these asset categories and provide a basis for 
developing and evaluating investment strategy alternatives.

STATUS OF TARGETS APPEARING IN THE TAMP
7$03�WDUJHW�UHFRPPHQGDWLRQV�UHÀHFW�WKH�H[SHUW�MXGJPHQW�RI�0Q'27�VWDII�
DQG�ZHUH�LGHQWL¿HG�KDYLQJ�FRQVLGHUHG�D�FRPELQDWLRQ�RI�FXUUHQW�SROLF\�DQG�
investment direction (e.g. MnSHIP), federal and state requirements (e.g. MAP-
21, GASB 34), risk, expected or anticipated deterioration, principles of life-cycle 
costs, and public expectation (as solicited through past planning efforts). 

Chapter 2 further described the MnSHIP development process looking at 
tradeoffs between investment levels, performance levels, and risks to evaluate 
and select investment priorities. Chapter 3 described the process outcomes 
and how they were used to help identify targets and outcomes for pavement 
and bridge condition. 
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For non-pavement and non-bridge assets, Work Groups developed asset-
VSHFL¿F�WDUJHW�PHWKRGRORJLHV��KDYLQJ�FRQVLGHUHG�H[LVWLQJ�DQG�DQWLFLSDWHG�
future conditions, current information on capital and maintenance investments, 
anticipated deterioration, and risk. For example, the Hydraulic Work Group 
LGHQWL¿HG�WKH�QXPEHU�RI�FXOYHUWV�LQ�3RRU�DQG�9HU\�3RRU�FRQGLWLRQ��GHWHUPLQHG�
KRZ�PDQ\�RI�WKHP�GHWHULRUDWH�WR�D�ZRUVH�FRQGLWLRQ�DQQXDOO\��PDGH�MXGJPHQWV�
RQ�WKH�OHQJWK�RI�WLPH�WKDW�D�FXOYHUW�VKRXOG�UHPDLQ�LQ�3RRU�RU�9HU\�3RRU�
condition given risk, and determined how many culverts could feasibly be 
repaired annually. The Technical Guide includes several tables that illustrate 
how these data were used to calculate targets. A similar methodological 
approach was followed for recommending targets for overhead sign structures.

6SHFL¿F�WDUJHWV�PD\�EH�DSSURYHG��PRGL¿HG�RU�UHMHFWHG�WKURXJK�0Q'27¶V�
SXEOLF�SODQQLQJ�SURFHVV�DQG�VHQLRU�OHDGHUVKLS�UHYLHZ��$SSURYHG�RU�PRGL¿HG�
targets for the asset categories covered below will be used to calculate 
investment need and guide resource allocation decisions in the next iteration of 
0Q6+,3��7KHVH�WDUJHWV�ZLOO�DOVR�EH�XVHG�WR�IXUWKHU�GHYHORS�DQG�UH¿QH�0Q'27¶V�
asset management strategies.

Target Recommendations

As discussed previously, the TAMP uses the terms target and plan outcomes 
to differentiate between desired outcomes and the outcomes MnDOT plans 
to achieve within the constraints of available resources. A single number 
can represent both ideas if MnDOT plans to achieve its desired outcome. 
,Q�VLWXDWLRQV�ZKHUH�D�WDUJHW�DQG�D�SODQ�RXWFRPH�GLYHUJH�GXH�WR�LQVXI¿FLHQW�
resources, MnDOT uses the target to communicate need, while managing its 
program and maintenance activities to the plan outcome. This terminology 
eliminates the need for aspirational and constrained targets, as described in 
MnSHIP. For further detail on these terms, please see Chapter 3.

5(&200(1'('�3$9(0(17�7$5*(76
Figure 7-1 presents MnDOT’s existing pavement condition targets, plan 
outcomes (as reported in MnSHIP), and the new targets recommended in this 
TAMP.

This TAMP recommends that MnDOT recognize its plan outcomes on the 
,QWHUVWDWH�DQG�QRQ�,QWHUVWDWH�1+6�DV�WDUJHWV�IRU�WKH�SXUSRVH�RI�GH¿QLQJ�
its desired outcomes and calculating investment needs. While slightly less 
aggressive than the target used to calculate need in MnSHIP, maintaining Poor 
pavement condition on no more than two percent of the Interstate System and 
four percent of the non-Interstate NHS represents a performance standard 
that is consistent with traveler expectations and MnDOT’s strategic goals and 
REMHFWLYHV�
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Off the NHS, this TAMP recommends MnDOT adopt a pavement condition 
target of no more than ten percent Poor. This target, which is a slightly higher 
than existing conditions, is less aggressive than the no more than three percent 
Poor target MnDOT has historically used to calculate needed investment in 
non-NHS pavement. Adopting a less aggressive pavement condition target 
RQ�WKH�QRQ�1+6�UHÀHFWV�HPHUJLQJ�IHGHUDO�DQG�VWDWH�SROLF\�GLUHFWLQJ�0Q'27�
to focus its resources on priority networks (e.g. NHS). Outreach conducted as 
SDUW�RI�0Q6+,3�DOVR�IRXQG�WKDW�D�PDMRULW\�RI�0Q'27¶V�H[WHUQDO�VWDNHKROGHUV�
are willing to trade pavement condition on low volume roads for continued 
investment in other performance areas, such as safety, mobility and non-
motorized transportation.

Unlike this TAMP’s target recommendations for Interstate and non-Interstate 
NHS pavement condition, a no more than 10 percent Poor target on the 
QRQ�1+6�LV�QRW�OLNHO\�WR�EH�PHW�XQGHU�H[LVWLQJ�UHYHQXH�SURMHFWLRQV��0Q'27�
expects the share of non-NHS roadway miles with Poor pavement condition to 
increase from 7.5 percent in 2012 to 12 percent in 2023 – a difference of 303 
miles. While consistent with MnSHIP investment priorities, this outcome poses 
VLJQL¿FDQW�XVHU�FRVWV��ULVNV�GDPDJH�WR�0Q'27¶V�UHSXWDWLRQ��DQG�OLPLWV�WKH�
agency’s opportunities to manage assets in a cost-effective manner. Adopting 
this target on the non-NHS supports strategic prioritization while still conveying 
the idea that there is a gap between MnDOT’s desired and planned outcome in 
this performance area.

This TAMP recommends retiring MnDOT’s pavement condition target of 5-9 
percent across all state highways. A single statewide pavement condition 
result is a useful summary reporting tool, but the 5-9 percent target is made 
redundant by MnDOT’s measures of pavement condition on Interstates, the 
non-Interstate NHS and the non-NHS. These sub-system measures provide 
a better, more accurate indication of performance because they track more 
closely with how MnDOT manages and invests in its assets. 

MNSHIP TAMP

System
2012 Condition 

(% Poor)
Aspirational 

Target (% Poor)

Constrained 
Target/10-year 

Anticipated Outcome 
(% Poor)

Target 
Recommendation 

(% Poor)

Plan Outcome 
(% Poor)

Interstate 2.4 % ���� 2 % ����� 2 %

Non-Interstate NHS 4.3 % ���� 4 % ������ 4 %

Non-NHS 7.5 % NA 12 % ������ 12 %

Figure 7-1: Existing and Recommended Pavement Condition Targets



MINNESOTA GO         MNDOT TRANSPORTATION ASSET MANAGEMENT PLANPAGE     88

RECOMMENDED BRIDGE TARGETS

$V�LGHQWL¿HG�LQ�Figure 7-2, the TAMP recommends no changes to MnDOT’s 
bridge condition targets. Consistent with MnSHIP investment priorities, 
MnDOT expects to meet condition targets for both NHS and non-NHS bridges. 
Compared to current condition, MnDOT expects the share of NHS deck 
area on Poor condition bridges to drop slightly from 4.7 percent in 2012 to                
2 percent in 2023. The share of non-NHS deck area on Poor condition bridges 
is expected to increase from 2.1 percent to 6 percent, but this remains below 
MnDOT’s target of 8 percent.

MNSHIP TAMP

System
2012 Condition 

(% Poor)
Aspirational 

Target (% Poor)

Constrained 
Target/10-year 

Anticipated Outcome 
(% Poor)

Target 
Recommendation 

(% Poor)

Plan Outcome 
(% Poor)

NHS 4.7 % ���� 2 % ����� 2 %

Non-NHS 2.1 % ����� 6 % ����� 6 %

Figure 7-2: Existing and Recommended Bridge Condition Targets

5(&200(1'('�+,*+:$<�&8/9(57�$1'�'((3�
STORMWATER TUNNEL TARGETS

Figure 7-3 presents the current condition of MnDOT’s highway culverts and 
deep stormwater tunnels. Performance targets for the condition of these 
assets were not available during the development of MnSHIP. This TAMP, 
UHÀHFWLQJ�WKH�H[SHUW�MXGJPHQW�RI�WKH�+\GUDXOLFV�:RUN�*URXS��UHFRPPHQGV�
that MnDOT establish targets that no more than eight percent of highway 
FXOYHUWV�EH�LQ�3RRU�FRQGLWLRQ�DQG�QR�PRUH�WKDQ�WKUHH�SHUFHQW�EH�LQ�9HU\�3RRU�
condition. These targets represent a slight improvement over 2012 condition 
levels. For deep stormwater tunnels, this TAMP recommends that MnDOT 
establish targets in line with those for highway culverts. This target represents 
a substantial improvement over current condition; however, a plan is in place 
to systematically address deep stormwater tunnel needs over the next several 
years, including within a very large tunnel under I-35W in Minneapolis. Deep 
stormwater tunnel condition will improve to 23 percent Poor and 11 percent 
9HU\�3RRU�DV�D�UHVXOW�RI�UHKDELOLWDWLQJ�WKH�,���:��VRXWK��WXQQHO�
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5(&200(1'('�29(5+($'�6,*1�6758&785(6�$1'�+,*+�
MAST LIGHT TOWER STRUCTURES TARGETS
Figure 7-4 presents the current condition of MnDOT’s overhead sign structures 
and high-mast light tower structures. Performance targets for the condition 
of these assets were not available during the development of MnSHIP. This 
7$03��UHÀHFWLQJ�WKH�H[SHUW�MXGJPHQW�RI�WKH�RWKHU�WUDI¿F�VWUXFWXUHV�:RUN�*URXS��
recommends that MnDOT establish a target of no more than four percent of its 
overhead sign structures in Poor condition and no more than two percent be 
LQ�9HU\�3RRU�FRQGLWLRQ��0Q'27�H[SHFWV�WKH�VKDUH�RI�RYHUKHDG�VLJQ�VWUXFWXUHV�
LQ�3RRU�FRQGLWLRQ�WR�GHFOLQH�LQ�WKH�IXWXUH�DV�LQVWDOODWLRQ�VSHFL¿FDWLRQV�DQG�
protocols are put in place.

At the time of the development of this TAMP, MnDOT was in the process of 
UHGH¿QLQJ�FRQGLWLRQ�UDWLQJ�FULWHULD�IRU�KLJK�PDVW�OLJKW�WRZHU�VWUXFWXUHV�DQG�WKHUH�
ZDV�LQVXI¿FLHQW�GDWD�WR�DSSURSULDWHO\�UHFRPPHQG�D�FRQGLWLRQ�WDUJHW��$�WDUJHW�IRU�
this asset category will be revisited during the next update of MnSHIP.

MNSHIP TAMP

Asset 2012 Condition Aspirational and Constrained Target /
10-year Anticipated Outcome 

Target 
Recommendation 

Plan Outcome 

Highway Culverts
10 % Poor;

����9HU\�3RRU
NA

������3RRU�
������9HU\�3RRU

TBD

Deep Stormwater Tunnels
39 % Poor;

�����9HU\�3RRU
NA

������3RRU�
������9HU\�3RRU

TBD

1RWH��,QYHVWPHQW�QHHG�LGHQWL¿HG�WR�PHHW�WDUJHW��FRPPLWPHQW�ZLOO�EH�GHWHUPLQHG�LQ�0Q6+,3

Figure 7-3: Existing Conditions and Recommended Highway Culvert and Deep Stormwater Tunnel Condition Targets

MNSHIP TAMP

Asset 2012 Condition 
Aspirational and Constrained Target /

10-year Anticipated Outcome 
Target 

Recommendation 
Plan Outcome 

Overhead Sign Structures
6 % Poor;

����9HU\�3RRU
NA

������3RRU�
������9HU\�3RRU

TBD

High-Mast Light Tower 
Structures

6 % Poor;
�����9HU\�3RRU

NA TBD TBD

1RWH��,QYHVWPHQW�QHHG�LGHQWL¿HG�WR�PHHW�WDUJHW��FRPPLWPHQW�ZLOO�EH�GHWHUPLQHG�LQ�0Q6+,3

Figure 7-4: Recommended Existing Conditions and Recommended Overhead Sign Structures and High-Mast Light Tower Structures 
Condition Targets
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FINANCIAL PLAN AND INVESTMENT 
STRATEGIES
Overview 

When developing investment priorities, MnDOT accounts for various factors 
that include revenue trends, federal and state law, level-of-service provided by 
the system, and public input. Over the next 10 years, MnDOT’s priorities will 
aim to balance investments in preservation of the existing infrastructure system 
with investments in safety, multi-modal transportation, and other projects that 
improve the economic competitiveness of Minnesota and the overall quality of 
life for Minnesotans.

Financial trends indicate that revenues have slowed compared to previous 
decades. As a result, it is imperative that MnDOT look for investment 
opportunities that provide the best “bang for the buck” in the long term, with 
the objective of minimizing life-cycle costs. Timely investments in both capital 
and preventive maintenance treatments help extend the service life of assets 
while reducing life-cycle costs (discussed in Chapter 6). Optimal life-cycle 
investment strategies are actively pursued when identifying investment 
priorities. Tradeoffs between investment areas, performance levels, public 
H[SHFWDWLRQV��DQG�ULVNV�SOD\�D�VLJQL¿FDQW�UROH�LQ�0Q'27¶V�DELOLW\�WR�DFKLHYH�
lowest life-cycle costs.

This chapter summarizes funding sources, trends, and current revenues, and 
highlights investment levels and strategies for the asset categories included 
in this TAMP. It also includes estimates of the investment levels necessary to 
achieve asset condition performance targets by the end of the TAMP’s time 
horizon (2023). 

Revenue Sources

Transportation improvements on Minnesota’s state highways are funded by 
taxes and fees from four main revenue sources:

�� Federal-aid (gas tax and General Funds)

�� State gas tax (motor fuel excise tax)

�� State tab fees (motor vehicle registration tax)

�� State motor vehicle sales tax
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The revenues from Federal-aid go directly to the State Trunk Highway Fund 
(see Figure 8-1), which funds capital improvements on the state highway 
system. Revenues from the main state sources, as well as various smaller 
revenues, are pooled into the Highway User Tax Distribution Fund (HUTDF) 
and divided between state highways, county roads, and city streets based on a 
constitutional formula. 

$SSUR[LPDWHO\�¿YH�SHUFHQW�RI�WKHVH�IXQGV�DUH�VHW�DVLGH�IRU�WKH�1RQ�6WDWH�
+LJKZD\�1HWZRUN��ZKLFK�LQFOXGHV�WKH�)OH[LEOH�+LJKZD\�$FFRXQW��7RZQVKLS�
Roads Account, and Township Bridges Account). The remaining 95 percent 
is split among the State Trunk Highway Fund, County State Aid Highways, 
and Municipal State Aid Streets. The portion allocated from the HUTDF to the 
6WDWH�7UXQN�+LJKZD\�)XQG�����SHUFHQW��PXVW�¿UVW�JR�WRZDUG�DQ\�H[LVWLQJ�GHEW�
repayment and is then divided among operations and maintenance activities 
and capital improvements on state highways.

In addition to the four main sources of funding, Minnesota also sells 
transportation bonds to support highway improvements. However, unlike 
the other revenue sources, bonds must be repaid with interest. The primary 
purpose of transportation bonds is to enable MnDOT to accelerate the delivery 
RI�SURMHFWV�DQG�DYRLG�FRQVWUXFWLRQ�FRVW�LQFUHDVHV�GXH�WR�LQÀDWLRQ�

)LJXUH������5HYHQXH�6RXUFHV�DQG�8VHV�IRU�WKH�0LQQHVRWD�6WDWH�+LJKZD\�1HWZRUN

Debt Service
Operations and 
Maintenance

Highway User Tax Distribution Fund (HUTDF)

Federal-aid
State  

Gas Tax

State 
Motor Vehicle 

Sales Tax

State 
Tab Fees

County 
State Aid 
Highways

Municipal 
State Aid 
Streets

Non-State 
Highway 
NetworkState Trunk 

Highway Fund
(MnDOT)

Capital 
Highway 

Investments

MnSHIP

Figure 2-1: Revenue Sources
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REVENUE TRENDS
Revenue growth has slowed relative to previous decades. There are several 

explanations as to why MnDOT expects revenues to grow more slowly 

between 2014 and 2033 as compared to previous years. These include:

�� 9HKLFOH�IXHO�HI¿FLHQF\�LV�LPSURYLQJ��VHH�Figure 8-2). Minnesotans, as 

ZHOO�DV�$PHULFDQV�LQ�JHQHUDO��DUH�GULYLQJ�PRUH�IXHO�HI¿FLHQW�YHKLFOHV�DQG�
FRQVXPLQJ�OHVV�JDVROLQH��,QFUHDVHG�IXHO�HI¿FLHQF\�KDV�EHHQ�UHTXLUHG�E\�
the federal government through the Corporate Average Fuel Economy 

(CAFE) program. While lowered emissions have a positive impact on the 

HQYLURQPHQW��WKH�LQFUHDVHG�HI¿FLHQF\�UHVXOWV�LQ�OHVV�IXQGLQJ�EHFDXVH�WKH�
gas tax is one of the major sources of both federal and state revenue.

Figure 8-2: Average Fuel Economy (Miles Per Gallon) by Model Year, 1975-

20131

�� Due to advances in engine and battery technologies, more conversions 

are occurring from gasoline to non-taxable energy sources. These 

conversions ultimately result in a loss of transportation revenue; electric 

and hybrid vehicles consume less or no fuel and thus contribute less 

revenue to the State Trunk Highway Fund. 

1  US Environmental Protection Agency (EPA): http://epa.gov/fueleconomy/fetrends/1975-

2013/420s13002.pdf
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�� People are driving less (see Figure 8-3���:KLOH�WKHUH�ZDV�VLJQL¿FDQW�
growth in the number of miles traveled on the highway system in the 
1990s and early 2000s, this growth leveled off in 2004 and vehicle miles 
traveled (VMT) has slightly declined over the last seven to eight years. 
Total VMT is still expected to increase along with economic and population 
JURZWK��EXW�SHU�FDSLWD�907�LV�SURMHFWHG�WR�UHPDLQ�UHODWLYHO\�ÀDW�RYHU�
the next 20 years due to demographic, technological, and behavioral 
changes. As a result, it is not likely that state motor fuel excise taxes 
will grow appreciably. Federal-aid revenues, based on motor fuel excise 
taxes and transfers from the US General Fund, are also expected to grow 
slowly over the next 20 years; increases in recent years are far less than 
in decades past.

�� 1HZ�YHKLFOH�VDOHV�KDYH�VORZHG��&RQVXPHUV�DUH�NHHSLQJ�WKHLU�FDUV�ORQJHU��
decreasing the amount of revenue generated by the number and price 
of vehicles sold. This also means lower vehicle registration tax (tab fee) 
revenues, as these taxes are based on the underlying value of registered 
YHKLFOHV��$V�WKH�ÀHHW�RI�UHJLVWHUHG�YHKLFOHV�DJHV��WKH�VWDWH�LV�DEOH�WR�
generate less revenue from these sources. MnDOT expects modest 
annual growth in motor vehicle sales tax and tab fee revenues.

Figure 8-3: Trends in Vehicle-Miles Traveled, Population, and Employment in Minnesota
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Figure 1.  Statewide Annual Growth Trends: 1992-2013
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5HYHQXH�DQG�,QÀDWLRQ

CAPITAL

Over the next 10 years, MnDOT estimates that $8 billion in revenue will be 

available for capital investment on the state highway system – approximately 

$800 million per year. This estimate is based on the assumption that no new 

major sources of revenue will be introduced and that the majority of MnDOT’s 

future revenues will originate from the four main revenue sources shown at 

the top of Figure 8-1. Furthermore, the estimate assumes that temporary 

IXQGLQJ�VRXUFHV�DYDLODEOH�RYHU�WKH�SDVW�¿YH�\HDUV�ZLOO�KDYH�EHHQ�GUDZQ�GRZQ�
or expired completely by the end of the decade. For example, the four-year, 

$357 million Better Roads for a Better Minnesota program will have mostly 

concluded by 2015, and the Chapter 152 bond authorization will expire in 2018. 

MnDOT does anticipate that the actual amount of funding it receives from 

the State Trunk Highway Fund will increase on an annual basis over the next 

10 years by approximately two percent per year. Unfortunately, however, 

construction costs are growing more quickly than revenues. Expected revenues 

will lose buying power over time as construction costs (e.g. fuel, raw materials, 

HTXLSPHQW��ODERU��FRQWLQXH�WR�JURZ�DW�DQ�DQQXDO�UDWH�RI�DSSUR[LPDWHO\�¿YH�
percent, exceeding the annual revenue growth rate of approximately two 

percent. This imbalance is expected to persist as a long-term planning 

challenge for the state. Figure 8-4�LOOXVWUDWHV�WKH�LPSDFW�RI�¿YH�SHUFHQW�LQÀDWLRQ�
on annual buying power (blue) versus nominal revenues (grey) in future years 

RI�FRQVWUXFWLRQ��7KH�QHW�HIIHFW�LV�WKDW�LQÀDWLRQ�ZLOO�HURGH�WKH�EX\LQJ�SRZHU�RI�
revenues by nearly 60 percent by 2033, given the assumptions stated above.

Figure 8-4: Anticipated Construction Revenue by Year Including Adjustments for Inflation 
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Operations and Maintenance

MnDOT’s current operations and maintenance (HSOP) four-year budget (2012-
2015) is approximately $860 million, with an operations and maintenance 
need of approximately $1.25 billion over this same timeframe. The result 
LV�DQ�H[LVWLQJ�IRXU�\HDU�EXGJHW�JDS�ZLWKRXW�LQÀDWLRQ�RI�DSSUR[LPDWHO\������
PLOOLRQ�DQG������PLOOLRQ�ZLWK�LQÀDWLRQ��6SHFL¿F�WR�7$03�DVVHWV��WKH�FXUUHQW�
operations and maintenance budget includes $43.9 million for drainage, $19 
million for lighting, $107.7 million for smooth roads and shoulders, and $36.5 
million for bridge preventive and reactive maintenance, which does not include 
$21.2 million for bridge inspection and inventory (see Figure 8-5). In addition 

Figure 8-5: HSOP Budget Summary and Funding Gap, Specific to TAMP Assets: 2012-20151 (Dollar amounts shown in 
millions)

,19(670(17�
AREA

&855(17�
BUDGET

1(('�%(<21'�
&855(17�
BUDGET

&855(17�*$3 *$3�,1&/8',1*�
,1)/$7,21

Drainage $43.9 $68.0 $24.1 $25.3

Safety and Guidance: 
Lighting

$19.0 $39.8 $20.8 $21.8

Smooth Roads: 
Roads

$77.8 $86.0 $8.2 $8.8

Smooth Roads: 
Shoulders

$29.9 $40.0 $10.1 $10.6

Structures: 
Bridge Preventative

$16.1 $27.4 $13.0 $13.6

Structures: 
Bridge Reactive

$20.4 $33.6 $8.6 $9.0

Structures: 
Other Infrastructure 
-Inspection/Inventory

$21.2 $26.0 $4.8 $94.1

TOTAL $228.3 $320.8 $89.6 $94.1

1RWHV��%XGJHW�GROODUV�VKRZQ�LQ�PLOOLRQV�RYHU�WKH�QH[W�WZR�����ELHQQLXPV��������������&XUUHQW�EXGJHW�OLVWHG�DV�]HUR������LWHP�LV�OLVWHG�IRU�WKH�SXUSRVH�RI�
DFFRXQWLQJ�IRU�LQÀDWLRQ

to the HSOP budget, MnDOT’s capital program also includes two setasides 
to complement operations and maintenance activities. The average annual 
preventative maintenance setaside is approximately $20 million statewide. 
Each of MnDOT’s eight districts also programs an annual Bridge and Road 
Construction (BARC) setaside, which is typically $2-5 million per district.



CHAPTER 8          FINANCIAL PLAN AND INVESTMENT STRATEGIES PAGE     99

As part of the HSOP development process, a more formal Enterprise Risk 

Management (ERM) approach was used to help determine funding gaps 

– where additional funding could be directed if money became available. 
Chapter 5: Risk Management Analysis and the TAMP Technical Guide 

provide additional information on ERM. Operations and maintenance funding 

gaps by investment areas were determined by identifying and ranking 

investments based on existing budget levels, anticipated risk levels, and 

current organizational strengths. While this process helped to establish some 

acceptable risks, it did not compare and prioritize work activities (“tradeoffs”) or 

LQFOXGH�OLIH�F\FOH�FRVW�FRQVLGHUDWLRQV��LGHQWL¿HG�LQ�Chapter 6). 

Funding Allocation

State and federal laws impose few restrictions on the allocation of funding 

between system expansion and preservation, or on preservation between 

various asset categories. At the federal level, the new surface transportation 

bill, Moving Ahead for Progress in the 21st Century (MAP-21), established new 

requirements for federal highway programs. MAP-21 expanded the number 

RI�KLJKZD\V�LQ�WKH�1DWLRQDO�+LJKZD\�6\VWHP��1+6��WR�LQFOXGH�,QWHUVWDWHV��
most US Highways, and other principal arterials, totaling about 45 percent 

of Minnesota’s state highway system. The bill establishes national goals and 

UHTXLUHV�86'27�WR�HVWDEOLVK�SHUIRUPDQFH�PHDVXUHV�IRU�WKH�1+6�LQ�VHYHUDO�
categories. 

For many years, MnDOT has allocated most revenue to its eight districts 

to make progress toward performance targets and key objectives and to 

DGGUHVV�GLVWULFW�VSHFL¿F�ULVNV��:LWK�WKH�SDVVDJH�RI�0$3�����IHGHUDO�SROLF\�DQG�
SHUIRUPDQFH�UHTXLUHPHQWV�GLUHFW�WKH�PDMRULW\�RI�IHGHUDO�IXQGV�WR�WKH�1+6��
Continuing to allocate all revenue to the districts may not meet statewide 

1+6�WDUJHWV�LQ�DQ�RSWLPDO�ZD\��,Q�DGGLWLRQ��0Q'27�PXVW�PDQDJH�WKH�ULVN�WKDW�
deteriorating state highway assets could negatively affect Minnesota’s bond 

rating. MnDOT developed the Statewide Performance Program (SPP) and 

District Risk Management Program (DRMP) to respond to these changes.

�� 7KH�633�IRFXVHV�RQ�IHGHUDO�SHUIRUPDQFH�UHTXLUHPHQWV�LGHQWL¿HG�LQ�0$3�
21, which require MnDOT to make progress toward pavement, bridge, 

safety, and congestion performance targets. Failure to do so results in the 

ORVV�RI�VRPH�IHGHUDO�IXQGLQJ�ÀH[LELOLW\��0Q'27¶V�IXQFWLRQDO�DQG�GLVWULFW�
RI¿FHV�ZRUN�FROODERUDWLYHO\�WR�VHOHFW�633�SURMHFWV��ZKLFK�SULPDULO\�LQFOXGH�
UHKDELOLWDWLRQ�DQG�UHSODFHPHQW�¿[HV�IRU�H[LVWLQJ�SDYHPHQW��EULGJHV��DQG�
URDGVLGH�LQIUDVWUXFWXUH�RQ�1+6�URDGV��7KH�633�DOVR�IXQGV�VHOHFW�SURMHFWV�
that improve safety and mobility. 
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�� 7KH�'503�IRFXVHV�RQ�QRQ�1+6�KLJKZD\V�DQG�DGGUHVVHV�XQLTXH�
conditions at the district level. It allocates funding to MnDOT districts, 

which identify and prioritize projects under this program. However, project 

selections are evaluated statewide through a collaborative process to 

ensure that each district is addressing district-level risks while making 

progress toward statewide goals. DRMP projects focus on pavement, 

bridge, and roadside infrastructure on low-volume roads, and the DRMP 

funds the majority of safety and mobility improvements.

Investment Priorities and Direction

As shown on Figure 8-6, MnDOT’s primary emphasis for the next 10 years is 

preservation in all asset management categories – Pavement Condition, Bridge 

Condition, and Roadside Infrastructure Condition. This will allow MnDOT to 

achieve multiple objectives through coordinated investments. For example, 

improving drainage infrastructure, which is part of Roadside Infrastructure 

Condition, helps pavements last longer. Funding Bridge Condition at a high 

level of performance supports traveler safety. Investing in Pavement Condition 

can enhance the bicycle network through shoulder repairs. The MnSHIP 

development process – including stakeholder involvement, scenario planning, 

DQG�¿QDQFLDO�GLUHFWLRQ�±�LV�H[SODLQHG�LQ�JUHDWHU�GHWDLO�LQ�Chapter 2: Asset 
Management Planning and Programming Framework and the TAMP 
Technical Guide. 

The Roadside Infrastructure category includes highway culverts, deep 

stormwater tunnels, overhead sign structures, and high-mast light tower 

structures, as well as a number of other asset categories not included in this 

TAMP. For pavements and bridges, MnDOT anticipates that this investment 

OHYHO�LV�HQRXJK�WR�NHHS�FRQGLWLRQV�VWDEOH�RQ�WKH�1+6��EXW�QRW�RQ�QRQ�1+6�
routes.

In 2014-2023, MnDOT is taking an investment direction similar to the approach 

taken in recent years, which addresses high-priority improvements in all 

investment categories.
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Asset Investment Strategies

Pavement and bridge conditions in Minnesota are relatively well-understood 
and -documented according to longstanding condition surveys and databases. 
Programmed preventive maintenance capital investments are included in 
model assumptions. Information from the pavement management system is 
used by the districts to determine the appropriate type and level of repair for 
HDFK�SDYHPHQW�VHFWLRQ��6LQFH�������0Q'27�KDV�EHHQ�GHYHORSLQJ��UH¿QLQJ��
and implementing its Bridge Replacement and Improvement Management 
(BRIM) system to quantify various risk factors that are appropriate for setting 
priorities among bridge projects. Each district uses BRIM to help prioritize work. 
Recently completed inventories and condition surveys are also included in 
Chapter 4 of this plan.

Figure 8-6: 2014-2023 Capital Investments 

 

PC
$2.89B (38.1%)

BC
$1.53B (20.2%)

RI
$670M
(8.8%)

TS
$320M
(4.2%)

TC
$520M (6.9%)

PS
$870M
(11.5%)RC

$570M
(7.5%)BI

$100M
(1.4%)

AP
$120M 
(1.6%)

IR
$0 (0%)

PC Pavement Condition

BC Bridge Condition

RI Roadside Infrastructure

TS Traveler Safety

TC Twin Cities Mobility

IR Interregional Corridor Mobility

BI Bicycle Infrastructure

AP Accessible Pedestrian Infrastructure

RC Regional + Community Investment Priorities

PS Project Support
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Even with these data sources in place, MnDOT cannot fully realize life-cycle 

FRVWV�IRU�LWV�DVVHWV��&DSLWDO�LQYHVWPHQW�GHFLVLRQV�LGHQWL¿HG�LQ�Figure 8-6 do 

not consider non-capital funded maintenance activities. The life-cycle analysis 

results in Chapter 6 give MnDOT a great starting point moving forward, but 

additional work is needed to collect better data on maintenance investments 

and results. The inability to forecast future conditions that consider all 

maintenance activities, capital and non-capital, can lead to a less-than-optimal 

life-cycle investment approach, as illustrated in Chapter 6. As a result, MnDOT 

has an effort underway to better track maintenance investments associated 

with TAMP assets, which will in turn help the agency work toward achieving 

optimal life-cycle costs. Other asset-management-enhancing commitments 

DQG�UHFRPPHQGDWLRQV�LGHQWL¿HG�GXULQJ�WKH�7$03�GHYHORSPHQW�SURFHVV�DUH�
included in Chapter 9: Implementation and Future Developments. When 

planning for future state highway capital investment needs, MnDOT envisions 

a more strategic program based on the asset management principles and 

techniques promoted in this TAMP.

3$9(0(176
MnDOT’s Highway Pavement Management Application (HPMA – discussed 

in Chapter 5) was used to determine the investment needs and outcomes 

developed for MnSHIP. A conceptual model of typical pavement deterioration is 

shown in Figure 8-7. 

Figure 8-7: Conceptual Model of Pavement Deterioration
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Though it is well understood that investments in preservation early in a 
pavement’s life-cycle will provide a good return on investment, there are other 
tradeoffs to be considered when developing a balanced investment plan:

�� Constrained Budget: Because MnDOT is working with a constrained 
budget and the fact that maintaining a road in Good condition is most 
cost-effective (see Chapter 6), investments are made to keep as many 
of the roads in Good condition as possible. This is done through the 
application of maintenance and preservation treatments for roads in Good 
and Fair condition and through major rehabilitation and reconstruction 
activities for pavements in Poor condition. Selection of individual project is 
EDVHG�RQ�VHYHUDO�IDFWRUV��DYHUDJH�GDLO\�WUDI¿F��$'7���VDIHW\��WKH�HFRQRPLF�
importance of the highway corridor, public perception, and customer 
satisfaction.

�� Pavement Age and Condition: Approximately 50 percent of Minnesota’s 
state highways are over 50 years old, which means that a high 
SHUFHQWDJH�RI�WKH�SDYHPHQW�QHWZRUN�ZLOO�QRW�EHQH¿W�IURP�SUHVHUYDWLRQ�
treatments; these roads are in need of more substantial rehabilitation or 
reconstruction. Care should be taken to apply the right type of treatment 
to the right asset. Pavements are rated based on their vehicle ride quality 
(see Chapter 3). Those with an RQI below 2.0 are typically candidates 
for major rehabilitation and reconstruction. Routine patching has been 
LGHQWL¿HG�DV�D�VXLWDEOH�PDLQWHQDQFH�RSHUDWLRQ�IRU�SDYHPHQWV�WKDW�KDYH�DQ�
RQI of 3.2 or higher. 

�� Length of Pavement Segment: When selecting pavement projects, 
standard MnDOT practice is to combine several adjacent segments and 
construct one large project rather than doing short stretches; mobilization 
and logistical costs become expensive for small-scale projects. 

�� Performance Targets: To meet established performance targets, a good 
portion of the investment has to be made in major rehabilitation and 
reconstruction activities, which tend to have a greater effect on overall 
network condition when compared to maintenance and preservation 
activities.

�� Pavement Preventive Maintenance: MnDOT districts use this capital 
setaside to fund maintenance activities between major pavement 
rehabilitation projects in order to help manage pavements at the district 
level. MnDOT’s pavement model assumes that preventive maintenance 
activities are being addressed.
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%HWZHHQ������DQG�������0Q'27�LGHQWL¿HV�FDSLWDO�SDYHPHQW�H[SHQGLWXUHV�
of $392 million on Interstate pavements, $1.13 billion on the non-Interstate 
1+6�DQG�������ELOOLRQ�RQ�WKH�QRQ�1+6�V\VWHP��IRU�D�WRWDO�RI�������ELOOLRQ��
Investments in pavement preservation and operational/routine maintenance will 
total approximately $35-40 million annually (based on data from 2003 to 2012, 
SURYLGHG�E\�WKH�3DYHPHQW�:RUN�*URXS���&RQGLWLRQV�RQ�1+6�SDYHPHQWV�ZLOO�
remain stable through 2023. In particular, fewer Interstate pavements will be in 
Poor condition relative to today. However, the condition of pavements on non-
1+6�URDGV�ZLOO�VHH�D�GURS�LQ�SHUIRUPDQFH��LQ�ODUJH�SDUW�WR�DFFRPPRGDWH�WKH�
IHGHUDO�HPSKDVLV�RQ�KLJKHU�YROXPH�1+6�URDGV��7KH�W\SLFDO�VWUDWHJ\�XVHG�E\�
MnDOT to develop investment levels for pavements is summarized in Figure 
8-8.

Figure 8-8: MnDOT Typical Preventive/Corrective Actions Investment Strategy for Pavements 

Determine initial fraction of statewide system in Good, Fair and 
Poor conditions

Using a constrained funding level, determine the amount of 
major rehabilitation and preventive maintenance work required 
of meet targets

Develop a candidate list of sections for rehabilitation and 
preventive maintenance to meet targets
ͻNHS projects are managed through the centrally (at a statewide level)
ͻNon-NHS projects are managed at the district level

Determine a revised fraction of sections in Good, Fair, and Poor 
conditions if the candidate sections in step 2 have been 
addressed

Overall, MnDOT expects projected pavement condition levels to meet assumed 
MAP-21 requirements and GASB 34 thresholds through 2023. Planned 
conditions for 2023 are: 2 percent of Interstate pavements in Poor condition, 4 
SHUFHQW�RI�QRQ�,QWHUVWDWH�1+6�SDYHPHQWV�LQ�3RRU�FRQGLWLRQ��DQG����SHUFHQW�RI�
QRQ�1+6�SDYHPHQW�LQ�3RRU�FRQGLWLRQ�
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3$9(0(17�237,0,=$7,21�675$7(*,(6
MnDOT will continue applying the following strategies to make the best use of 
resources when undertaking pavement projects:

�� Design and schedule pavement projects to align with a roadway’s life-
cycle needs whenever possible.

�� Use performance-based design to focus on projects that cost-effectively 
meet both pavement and safety performance needs.

�� Continue preventive maintenance strategies, such as seal coats, joint 
seals, micro-surfacing, and thin overlays.

�� Employ lower-cost long-term strategies, such as full depth reclamation or 
unbonded concrete overlays, to further stretch available dollars.

�� Evaluate innovative contracting methods and assess potential advantages 
of bundling projects in order to lower costs.

BRIDGES

Investment needs and outcomes for bridges were established using MnDOT’s 
Pontis bridge management system for bridge inventory and condition data, and 
MnDOT’s Bridge Replacement and Improvement Management System (BRIM) 
for prioritization and cost estimates. BRIM currently places an emphasis on 
rehabilitation and replacement, but there is an upgrade underway that will 
better link preventive activities to capital improvements. 

The life-cycle of a bridge offers multiple opportunities for maintenance and 
OLIH�H[WHQVLRQ��'HWHULRUDWLRQ�IURP�DJH��WUDI¿F��DQG�FKHPLFDOV�LV�FRQVWDQWO\�DW�
work to reduce the condition of bridges. Routine maintenance work tends to 
slow the rate of deterioration, but does not prevent damage from eventually 
taking place. If timely mid-life repairs are made, conditions can be improved, 
thus extending the lifespan. Eventually, age and deferred maintenance 
FDXVH�D�EULGJH�WR�VOLS�LQWR�D�VWUXFWXUDOO\�GH¿FLHQW�VWDWH�ZKHUH�RQO\�H[SHQVLYH�
rehabilitation and replacement can restore the needed level of performance.

Approximately $10-15 million is spent each year on routine bridge maintenance 
and bridge preservation using funds from the operations and maintenance 
budget. The size of this budget is based on management experience rather 
than objective analysis. Mid-asset-life preservation actions can be funded from 
either the operations or the capital budget, depending on the magnitude of the 
ZRUN��7KLV�FDWHJRU\�RI�ZRUN�LV�XQGHU�IXQGHG�DQG�ZRXOG�EHQH¿W�IURP�LPSURYHG�
planning tools to correctly size the budget, select the best candidates for this 
activity, and produce a more balanced investment plan. The typical strategy 
used by MnDOT to develop investment levels for bridges is summarized in 
Figure 8-9.
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Figure 8-9: MnDOT Typical Preventive/Corrective Actions Investment Strategy for Bridges

Determine initial fraction of bridges in Good, Fair and Poor 
conditions

Plan and prioritize investments with a risk-based approach.
The primary goal is to meet bridge performance targets (through 
major rehabilitation) while making appropriate investments on 
the right type of treatment for the right candidates.

Proactively schedule preventive maintenance and minor repairs 
to maximize the useful life of bridges and slow rates of 
deterioration

Invest in larger rehabilitation efforts to improve condition and 
restore bridge function to acceptable levels

For years 2014-2023, MnDOT envisions capital bridge expenditures of $1.10 

ELOOLRQ�RQ�WKH�1+6�DQG�����PLOOLRQ�RQ�QRQ�1+6�EULGJHV��IRU�D�WRWDO�RI�������
ELOOLRQ��&RQGLWLRQ�RI�EULGJHV�RQ�WKH�1+6�ZLOO�LPSURYH�RYHUDOO��ZKLOH�FRQGLWLRQ�
RQ�QRQ�1+6�EULGJHV�ZLOO�ZRUVHQ��EXW�WKH�RYHUDOO�FRQGLWLRQ�RI�0Q'27�EULGJHV�
is expected to meet or nearly meet performance targets through 2023. As 

noted previously (and below), MnDOT’s bridge condition targets state that no 

PRUH�WKDQ�WZR�SHUFHQW�RI�1+6�EULGJH�GHFN�DUHD�DQG�HLJKW�SHUFHQW�RI�QRQ�1+6�
bridge deck area should be in Poor condition.

%5,'*(�237,0,=$7,21�675$7(*,(6
MnDOT will apply the following strategies to ensure that its bridges are 

structurally sound and safe for the traveling public:

�� Conduct frequent and regular inspections.

�� Invest in preventive maintenance.

�� Invest in rehabilitation at appropriate times in a bridge’s life-cycle.

�� 5H¿QH�%5,0�WR�KHOS�LGHQWLI\�LPSURYHPHQWV�WKDW�PLQLPL]H�OLIH�F\FOH�FRVWV��
meet performance targets, and address the highest-risk bridges.

�� 'HIHU�VRPH�ORQJ�WHUP�¿[HV�DQG�LPSRVH�RFFDVLRQDO�ZHLJKW�UHVWULFWLRQV�WR�
avoid hazardous conditions, as needed.
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+,*+:$<�&8/9(576�$1'�'((3�67250:$7(5�7811(/6
MnSHIP does not break out the asset categories within the Roadside 
Infrastructure investment category, but culverts make up the largest portion of 
this cost. Approximately $300 million is included for capital funding of culvert 
work through 2023. HSOP also includes approximately $10 million annually 
for all drainage maintenance, which includes money spent on both highway 
culverts and deep stormwater tunnels. 

,PSURYHG�SURJUDPV�IRU�ÀXVKLQJ��LQVSHFWLRQ��DQG�UHSDLU�RI�FXOYHUWV�ZRXOG�
increase the necessary amount of capital and maintenance funding to a total of 
$400 million over the 10 year period, with an additional $37 million needed for 
deep stormwater tunnels, given the targets recommended in Chapter 7 (and 
below). 

29(5+($'�6,*1�6758&785(6�$1'�+,*+�0$67�/,*+7�
TOWER STRUCTURES
In recent years, MnDOT has spent approximately $500,000 annually to 
maintain overhead sign structures and high-mast light tower structures. 
These structures exhibit long service lives with minimal maintenance. Their 
primary modes of failure include wind-induced vibration, fatigue cracking of 
structural components, corrosion, and collapse of structural support systems. 
MnDOT has not observed any catastrophic failures of these assets; if the 
VWUXFWXUH�ZDV�LQLWLDOO\�LQVWDOOHG�DFFRUGLQJ�WR�VSHFL¿FDWLRQV��LW�VHOGRP�H[KLELWV�
premature component failure. This has been the primary driver for instituting a 
FKDQJH�LQ�WKH�VWUXFWXUH�LQVWDOODWLRQ�VSHFL¿FDWLRQV��GLVFXVVHG�LQ�Chapter 6 and       
Chapter 7).

The investment strategy for overhead sign structures and high-mast light tower 
structures has been developed using an approach that considers the fraction 
of structures with various condition levels and makes a balanced investment 
according to expert input. For the 10 years from 2014 to 2023, MnDOT 
envisions capital and maintenance expenditures of $8 million for overhead sign 
structures. An investment need could not be determined for high-mast light 
WRZHU�VWUXFWXUHV�GXH�WR�LQVXI¿FLHQW�FRQGLWLRQ�GDWD��WKLV�ZLOO��EH�UHYLVLWHG�LQ�WKH�
near future.
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MnSHIP also outlines several strategies to maximize future Roadside 

Infrastructure Condition investment:

�� Continue to perform preventive maintenance to extend infrastructure life.

�� Coordinate investments with other projects where economies of scale 

exist to reduce unit costs.

�� Manage culverts that have failed or are in the poorest conditions.

�� Maintain the most critical supporting infrastructure for pavement and 

bridge projects.

Summary

Figure 8-10 summarizes planned 10-year capital investments (from MnSHIP) 

to achieve pavement and bridge targets, as well as investments needed to 

achieve highway culvert, deep stormwater tunnel, overhead sign structure, and 

high-mast light tower structure targets. 
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)LJXUH�������7DUJHWV�DQG�3ODQQHG�RU�1HHGHG�,QYHVWPHQW�WR�$FKLHYH�7DUJHWV

ASSET &855(17�
&21',7,21

TARGET
5(&200(1'$7,21 �,19(670(17

Pavement:
Interstate

2.4% Poor �����3RRU $392 million

Pavement: 
1RQ�,QWHUVWDWH�1+6

4.3% Poor �����3RRU $1.13 billion

Pavement:
1RQ�1+6

7.5% Poor ������3RRU $1.38 billion

Pavement:
Total

NA NA $2.9 billion

Bridge:
1+6

4.7% Poor �����3RRU $1.10 billion

Bridge: 
1RQ�1+6

2.1% Poor �����3RRU $430 million

Bridge: 
Total

NA NA $1.53 billion

Hydraulic Infrastructure: 
Highway Culverts

10% Poor;
6% Very Poor

�����3RRU�
�����9HU\�3RRU

$ 400 million

Hydraulic Infrastructure: 
Deep Stormwater 
Tunnels

39% Poor;
14% Very Poor

�����3RRU�
�����9HU\�3RRU

$ 35 million (condition) + 
$1.6 million (inspection)

2WKHU�7UDI¿F�6WUXFWXUHV��
Overhead Sign 
Structures

6% Poor;
8% Very Poor

�����3RRU�
�����9HU\�3RRU

$8 million

2WKHU�7UDI¿F�6WUXFWXUHV��
High-Mast Light Tower 
Structures

6% Poor;
15% Very Poor

TBD TBD

3DYHPHQW�DQG�EULGJH�¿JXUHV�UHSUHVHQW����\HDU�SODQQHG�LQYHVWPHQW�WR�PHHW�WDUJHWV��K\GUDXOLF�,QIUDVWUXFWXUH�DQG�RWKHU�WUDI¿F�
VWUXFWXUHV�¿JXUHV�UHSUHVHQW����\HDU�QHHGHG�LQYHVWPHQW�WR�PHHW�WDUJHWV�
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Chapter 9
IMPLEMENTATION AND FUTURE 
DEVELOPMENTS
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IMPLEMENTATION AND FUTURE 
DEVELOPMENTS 
Overview 

An effective Transportation Asset Management Plan will require regular 

XSGDWHV�WR�UHÀHFW�WKH�G\QDPLF�QDWXUH�RI�PDQDJLQJ�D�WUDQVSRUWDWLRQ�QHWZRUN��
)RU�0Q'27��HI¿FLHQW�DVVHW�PDQDJHPHQW�LV�DQ�HVWDEOLVKHG�REMHFWLYH�ZLWKLQ�
existing policy, investment, and operations plans. Therefore, success will be 

largely determined by the extent to which the principles and initiatives outlined 

in this document are incorporated, along with existing plans, into MnDOT’s 

EXVLQHVV�SUDFWLFHV��7KLV�¿QDO�FKDSWHU�RXWOLQHV�0Q'27¶V�JRYHUQDQFH�DSSURDFK�
moving forward, summarizes implementation priorities, and concludes with a 

set of “lessons learned” during the development of the plan.

TAMP Governance

In accordance with MAP-21, the TAMP development process must be reviewed 

E\�WKH�)+:$�DQG�FHUWL¿HG�DV�PHHWLQJ�WKH�UHTXLUHPHQWV�HVWDEOLVKHG�E\�WKH�
Secretary of Transportation. The process used to develop and maintain the 

7$03�PXVW�EH�UHYLHZHG�DQG�UHFHUWL¿HG�DW�OHDVW�RQFH�HYHU\�IRXU�\HDUV��)+:$�
ZLOO�LGHQWLI\�VSHFL¿F�DFWLRQV�WKDW�DUH�QHFHVVDU\�WR�FRUUHFW�DQ\�GH¿FLHQFLHV��
$GGLWLRQDOO\��0$3����UHTXLUHV�WKDW�VWDWHV�PDNH�VLJQL¿FDQW�SURJUHVV�WRZDUG�
achieving their targets for the National Highway System.

:KLOH�PHHWLQJ�IHGHUDO�UHTXLUHPHQWV�ZDV�FHUWDLQO\�DQ�REMHFWLYH��0Q'27¶V�
primary focus in developing this plan has been to improve the life-

cycle management of its transportation assets. Therefore, governance 

responsibilities must be extended beyond those required under the legislation. 

They must include plans for expanding the assets that are covered in future 

TAMPs and for monitoring the agency’s success. It was recommended 

that an Asset Management Steering Committee be established and 

assigned responsibility for the development, update, and monitoring of the 

enhancements outlined in the TAMP, and oversight of Transportation Asset 

Management System (TAMS) development and other asset management 

initiatives. The Steering Committee will be championed by MnDOT’s Modal 

Planning and Program Management, Engineering Services, and Operations 

Division Directors, and include representatives from Engineering Services, 

Transportation System Management, and Operations and Maintenance. 

'LUHFW�FRPPXQLFDWLRQ�ZLWK��)LQDQFH��'LVWULFWV��7UDI¿F��6DIHW\��DQG�7HFKQRORJ\��
0DWHULDOV��%ULGJH��DQG�RWKHU�DVVHW�FDWHJRULHV�ZLOO�EH�LPSRUWDQW��7KH�6WHHULQJ�
Committee will report directly to the Division Director champions and MnDOT’s 

Senior Leadership Team, and meet on a regular basis to address the following:
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�� 0RGLI\LQJ�WKH�GUDIW�7$03�WR�DGGUHVV�DQ\�UHTXLUHPHQWV�RXWOLQHG�LQ�WKH�¿QDO�
rules issued by the Secretary of Transportation

�� (VWDEOLVKLQJ�D�UHJXODU�F\FOH�IRU�XSGDWLQJ�WKH�7$03�LQ�FRQMXQFWLRQ�ZLWK�
updates to MnSHIP and other relevant documents 

�� Developing and implementing guidance for expanding the TAMP to 
LQFOXGH�RWKHU�WUDQVSRUWDWLRQ�DVVHWV��WKLV�JXLGDQFH�VKRXOG�LQFOXGH�IDFWRUV�
such as:

�� Availability of data

�� Overall maturity of business processes to support management of the 
asset

�� Importance of preservation actions to maintain the asset

�� Funds spent on the asset

�� Level of risk associated with asset failure

�� Monitoring progress toward performance targets and recommending 
DGMXVWPHQWV

In addition to having responsibility for governance of the TAMP, the Steering 
Committee would also be assigned responsibility for ensuring that the asset 
management principles promoted in the TAMP are fully embraced at all levels 
of the agency to help ensure that the anticipated performance outcomes 
are met. This will require clear lines of responsibility and accountability for 
each of the assets included in the TAMP and an agency-wide commitment 
to completing scheduled inspections for highway culverts, overhead sign 
structures, and high-mast light tower structures. It will also necessitate timely 
application of preservation treatments by each district and other strategies to 
reduce the overall life-cycle cost of managing MnDOT’s transportation assets. 

7KH�6WHHULQJ�&RPPLWHH�ZRXOG�DOVR�ZRUN�ZLWK�VHYHUDO�XQLWV�RI�WKH�2I¿FH�RI�
Transportation System Management and the larger Modal Planning and 
Program Management Division to coordinate the next update to MnSHIP, 
ensuring that the TAMP recommendations are used to drive future investment 
plans. The interrelationship between the TAMP and other MnSHIP planning 
and programming products is shown in Figure 9-1. As shown in the graphic 
(and discussed in Chapter 2), the TAMP serves as a link between the long-
WHUP�VWDWHZLGH�SODQV��VXFK�DV�0Q6+,3��DQG�WKH�SURMHFWV�SURJUDPPHG�LQWR�WKH�
STIP and Annual Work Plans. 
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Figure 9-1: Links between MnDOT Planning and Programming Processes

Implementation Priorities

PRIORITIES IDENTIFIED THROUGH RISK PROCESS

Chapter 5 of this plan explored the concept of risk as it relates to 
WUDQVSRUWDWLRQ��DV�LW�LQÀXHQFHV�SODQQLQJ�DQG�PDQDJHPHQW�DW�0Q'27��DQG�
as it was incorporated into the TAMP. It also presented a series of prioritized 
VWUDWHJLHV�LQWHQGHG�WR�KHOS�PLWLJDWH�LGHQWL¿HG�XQGHUPDQDJHG�ULVNV�±�DUHDV�LQ�
which there are clear opportunities for improvement at MnDOT (see Technical 
Guide for more on the prioritization process). Figure 9-2 offers more detail 
RQ�WKHVH�VWUDWHJLHV��LQFOXGLQJ�UHVSRQVLEOH�RI¿FHV��H[SHFWHG�WLPHIUDPHV��DQG�
estimated implementation costs.

Timeframes and costs were estimated by the TAMP Work Groups but could not 
be determined with certainty for several of the strategies.
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Figure 9-2: Prioritized Strategies for Mitigating Undermanaged Risks

PRIORITY LEVEL 1 
STRATEGY

PURPOSE(S)
5(63216,%/(�

OFFICE
EXPECTED 
TIMEFRAME

ESTIMATED COST

Annually track, monitor, 
and identify road 
segments that have 
been in Poor condition 
IRU�PRUH�WKDQ�¿YH�
years and consistently 
consider them when 
programming.

To provide additional 
information when 
SULRULWL]LQJ�SURMHFWV��WR�
highlight roads that have 
been in Poor condition 
for an extended period 
RI�WLPH��WR�KHOS�0Q'27�
improve level of service 
for customers statewide

0Q'27�0DWHULDOV�2I¿FH
1-2 years 
(to develop)

Approximately $5 
thousand
(staff time)

Address the repairs 
needed on the existing 
South I-35W deep 
stormwater tunnel 
system.

To improve condition 
of South I-35W deep 
VWRUPZDWHU�WXQQHO��
to alleviate safety 
concerns and reduce 
overall percentage of 
deep stormwater tunnel 
system in Poor and Very 
Poor condition (thereby 
helping MnDOT meet 
targets)

0Q'27�0HWUR�'LVWULFW�
City of Minneapolis

1-2 years 
(currently programmed)

Approximately $14.5 
million
�IRU�UHSDLUV��IXQGHG�

Investigate the likelihood 
and impact of deep 
stormwater tunnel 
system failure.

To improve 
understanding of the 
likelihood for failure of 
the deep stormwater 
tunnel system (located 
entirely in MnDOT’s 
Metro District) and the 
likely impacts of such an 
HYHQW��WR�DLG�SODQQLQJ�
and management of the 
system

0Q'27�%ULGJH�2I¿FH�
MnDOT Metro District

1-3 years
Approximately $150 
thousand
 (for study)

Develop a thorough 
methodology for 
monitoring highway 
culvert performance.

To increase availability of 
LQIRUPDWLRQ��WR�GHYHORS�D�
V\VWHPDWLF�DQG�REMHFWLYH�
methodology to monitor 
FXOYHUWV��WR�PDQDJH�
culverts more effectively

MnDOT Operations
1-2 years 
(currently underway)

$5-10 thousand
(to develop procedures)
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Develop and adequately 
communicate 
construction 
VSHFL¿FDWLRQV�IRU�
overhead sign 
structures and high-
mast light tower 
structures.

To prevent installation 
problems that lead to 
premature deterioration 
DQG�UHGXFHG�DVVHW�OLIH��
to ensure that MnDOT 
inspectors and vendors 
understand and adhere 
to requirements (e.g. 
torque thresholds)

0Q'27�0DLQWHQDQFH�±�
0HWUR�'LVWULFW�
0Q'27�0DLQWHQDQFH�±�
Other Districts

1 year

Approximately $50 
thousand
(to develop and 
implement)

Track overhead 
sign structures 
and high-mast light 
tower structures in a 
Transportation Asset 
Management System 
(TAMS).

To more deliberately 
and effectively manage 
WKHVH�DVVHW�FDWHJRULHV��
to include more assets in 
TAMS, thereby improving 
cross-asset tradeoff 
decision-making

0Q'27�2I¿FH�RI�7UDQVS��
6\VWHP�0DQDJHPHQW�
MnDOT Metro District

2-4 years 7%'

PRIORITY LEVEL 2 
STRATEGY PURPOSE(S) 5(63216,%/(�

OFFICE
EXPECTED 
TIMEFRAME ESTIMATED COST

Collect and evaluate 
performance data 
on   ramps, auxiliary 
lanes, and frontage 
road pavements for the 
highway system in the 
Twin Cities Metro Area.

To determine current 
inspection procedure 
LV�VXI¿FLHQWO\�FDSWXULQJ�
QHHGV��WR�PRUH�
effectively manage 
non-mainline highway 
pavements

0Q'27�0HWUR�'LVWULFW�
0Q'27�0DWHULDOV�2I¿FH

1-3 years

Approximately $200 
thousand
(for data collection/ 
analysis)

Augment investment 
in bridge maintenance 
modules and develop 
related measures and 
tools for reporting and 
analysis.

To develop performance 
models to predict 
changes in bridge 
SHUIRUPDQFH�RYHU�WLPH��
to more effectively 
manage bridges

0Q'27�%ULGJH�2I¿FH
1-3 years
(currently underway)

Approximately $2 million
�VRIWZDUH�XSJUDGHV��
funded)

Include highway 
culverts in MnDOT’s 
TAMS.

To more deliberately 
and effectively manage 
KLJKZD\�FXOYHUWV��WR�
include more assets in 
TAMS, thereby improving 
cross-asset tradeoff 
decision-making

0Q'27�%ULGJH�2I¿FH 2-4 years 7%'

Place pressure 
transducers in deep 
stormwater tunnels with 
capacity issues.

To place pressure 
transducers in deep 
stormwater tunnels 
that will collect better 
FDSDFLW\�VSHFL¿F�GDWD�
such as pressure impact 
by water volume

MnDOT Metro District 1-2 years
Approximately $50 
thousand
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Incorporate the deep 
stormwater tunnel 
system into the bridge 
inventory.

To improve regularity of 
deep stormwater tunnel 
inspections by adding 
the tunnel system to the 
bridge inventory, with 
inspection frequency tied 
to reported condition

0Q'27�0HWUR�'LVWULFW�
0Q'27�%ULGJH�2I¿FH

1-2 years 7%'

Develop a policy 
UHTXLULQJ�D�¿YH�\HDU�
inspection frequency 
for overhead sign 
structures, as well 
as related inspection 
training programs and 
forms.

To establish a formal 
inspection program for 
overhead sign structures, 
based on MnDOT’s best 
knowledge of structure 
condition, deterioration 
rates, and inspection 
needs

0Q'27�0DLQWHQDQFH�±�
0HWUR�'LVWULFW�
0Q'27�0DLQWHQDQFH�±�
Other Districts

1 year 
(currently underway)

$150 thousand
(staff time)

PRIORITY LEVEL 3 
STRATEGY PURPOSE(S) 5(63216,%/(�

OFFICE
EXPECTED 
TIMEFRAME ESTIMATED COST

Repair or replace 
highway culverts 
in accordance with 
recommendations from 
the TAMS (once it is 
implemented).

To improve overall 
system quality and 
PDQDJHPHQW��WR�PHHW�
newly established and 
vetted asset targets

0Q'27�0DLQWHQDQFH�±�
9DULRXV�'LVWULFWV�
0Q'27�%ULGJH�2I¿FH

10 years
$100 million
($10 million per year)

OTHER PRIORITIES IDENTIFIED DURING TAMP 
DEVELOPMENT
To further improve its overall asset management practices and achieve lowest 
life-cycle cost, MnDOT considered factors beyond risk during development of 
the TAMP. As a result, several overarching business process enhancements 
have been proposed and are summarized in Figure 9-3. Timeframes and costs 
for these broad improvements have not been estimated.
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)LJXUH������3ODQQHG�&KDQJHV�WR�0Q'27�%XVLQHVV�3URFHVVHV

PRIORITY PURPOSE(S) 5(63216,%/(�3$57<

Establish a single process governing the 
development of all MnDOT performance 
measures and targets. Incorporate process 
into MnDOT’s performance-based planning 
framework.

To promote a consistent approach to 
performance measurement that is in line 
with traveler expectations and MnDOT’s 
VWUDWHJLF�GLUHFWLRQ��WR�SURYLGH�D�PHFKDQLVP�
for acting on target recommendations 
provided in this TAMP

Performance, Risk and Investment Analysis 
8QLW��0Q'27�2I¿FH�RI�7UDQVSRUWDWLRQ�
System Management)

Implement strategies that reduce life-cycle 
costs for managing assets.

To improve consideration of total cost of 
ownership in capital investment decisions, 
including tracking preventive maintenance 
DFWLYLWLHV��WR�UH�VFRSH�SURMHFWV�WR�UHDOL]H�
life-cycle cost savings (candidate for 
Investment Opportunity Plan)

0Q'27�2I¿FH�RI�7UDQVSRUWDWLRQ�6\VWHP�
Management

Identify new operational performance 
targets and reporting protocols covering 
preventive maintenance.

7R�HQVXUH�WKDW�DVVHW�VSHFL¿F�SUHVHUYDWLRQ�
activities are being completed on a timely 
EDVLV��WR�UHJXODUO\�PRQLWRU�SURJUHVV�DQG�
assess achievement

$VVHW�0DQDJHPHQW�6WHHULQJ�&RPPLWWHH�
2SHUDWLRQV�'LYLVLRQ�
0DWHULDOV�2I¿FH

Evaluate investment impacts across asset 
categories.

To improve cross-asset decision-making 
processes by integrating tradeoff analyses 
(more comprehensive tradeoff analyses 
will be possible as asset registers and risk 
assessments are completed for  additional 
asset categories)

0Q'27�2I¿FH�RI�7UDQVSRUWDWLRQ�6\VWHP�
Management

Shift to a corridor management approach.

To more comprehensively consider safety, 
mobility, and preservation needs when 
PDNLQJ�LQYHVWPHQW�GHFLVLRQV��WR�VHOHFW�
SURMHFWV�EDVHG�RQ�PRUH�WKDQ�MXVW�SDYHPHQW�
and bridge conditions

MnDOT
(agency-wide)
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RESEARCH PRIORITIES
Along with risk-based strategies and overall business process enhancement 
recommendations, the development of this TAMP illuminated a number of 
research needs. Such applied research would help MnDOT better understand 
asset performance and would lead to more informed investment decision-
making. These research opportunities could be addressed via formal research 
VWXGLHV�RU�E\�SURJUDP�RI¿FHV�XVLQJ�GDWD�DYDLODEOH�WR�WKHP��,GHQWL¿HG�UHVHDUFK�
needs include:

�� Overall

�� 'HYHORSPHQW�RI�UREXVW�DVVHW�VSHFL¿F�RU�QHWZRUN�OHYHO�GHWHULRUDWLRQ�
models (for each material type used, if possible)

�� Investigation of return-on-investment associated with capital and 
maintenance expenditures (the probabilities and impacts of not investing 
in assets are poorly understood)

�� Pavements

�� %HWWHU�XQGHUVWDQGLQJ�RI�SHUIRUPDQFH�DQG�EHQH¿W�FRVWV�RI�SDYHPHQW�
preservation treatments applied in Minnesota

�� Improved analysis of maintenance cost data for use in life-cycle costing  

�� %HWWHU�XQGHUVWDQGLQJ�RI�SHUIRUPDQFH�RI�SDYHPHQW�UHKDELOLWDWLRQ�DFWLYLWLHV�
(structural overlays, full depth reclamation, etc.) in relation to pavement 
age and condition

�� %ULGJHV

�� More complete understanding of bridge performance by type of material 
(steel, concrete, timber, etc.)

�� %HWWHU�XQGHUVWDQGLQJ�RI�LPSDFW�RI�URXWLQH�PDLQWHQDQFH�DFWLYLWLHV�RQ�EULGJH�
performance and life-cycle costs

�� Hydraulic Infrastructure

�� Development of deterioration models for various types of culverts and 
tunnels

�� %HWWHU�XQGHUVWDQGLQJ�RI�LPSDFWV�RI�YDULRXV�PDLQWHQDQFH�WUHDWPHQWV

�� Overhead Sign Structures and High-Mast Light Tower Structures
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�� Development of deterioration models and more accurate average service 
life

�� %HWWHU�XQGHUVWDQGLQJ�RI�LPSDFWV�RI�YDULRXV�WUHDWPHQWV�SHUIRUPHG�RQ�WKHVH�
structures in varying ages and conditions

Recommended Targets

Another important result of this TAMP development is the establishment of 
condition targets for asset categories or sub-categories not explicitly addressed 
in MnSHIP. A summary of these Work Group-developed and Steering 
Committee-vetted targets is included at the end of the previous chapter 
(Figure 8-10). Many of the implementation priorities discussed in Figure 9-2 
and Figure 9-3 will directly or indirectly contribute to MnDOT achieving these 
targets within 10 years (and sustaining them thereafter). For a more detailed 
discussion the recommended condition targets, see Chapter 8: Financial Plan 
and Investment Strategies. 

Lessons Learned

7KH�7$03�GHYHORSPHQW�SURFHVV�ZDV�EHQH¿FLDO�LQ�WKDW�LW�KHOSHG�IRUPDOO\�
document the asset management procedures currently being used at MnDOT 
for managing pavements and bridges. These existing procedures provided a 
framework for managing additional roadside assets now and in the future. As 
a result of the TAMP process, MnDOT also has a better understanding of the 
risks associated with undermanaged assets and is poised to improve many of 
its business processes. 

As other states begin development of their own asset management plans, 
WKH\�PD\�EHQH¿W�IURP�WKH�IROORZLQJ�OHVVRQV�OHDUQHG�GXULQJ�0Q'27¶V�7$03�
development process.



MINNESOTA GO         MNDOT TRANSPORTATION ASSET MANAGEMENT PLANPAGE     122

1. MnDOT has strong pavement and bridge management programs 
in place that have been used for years to support agency planning and 
programming activities. However, even with strong programs in place, 
VHYHUDO�EXVLQHVV�SURFHVV�LPSURYHPHQWV�ZHUH�LGHQWL¿HG�WKDW�ZLOO�IXUWKHU�
strengthen the programs. The development of the TAMP also helped 
MXVWLI\�LPSURYHPHQWV�WKDW�ZHUH�DOUHDG\�XQGHUZD\��VXFK�DV�FRPSOHWLQJ�
bridge management tools to improve predictions of future conditions 
and formalizing the inspection of overhead sign structures and high-
mast light tower structures to help reduce the risk of failure. For assets 
without formal management processes in place, such as overhead 
sign structures, high-mast light tower structures, highway culverts, and 
stormwater tunnels, the TAMP framework served as a proof-of-concept for 
expanding the scope of future TAMPs.

2. The process of using existing data to develop the TAMP provided 
insight into the completeness and reliability of the data and a better 
understanding of the risks associated with undermanaging the assets. 
For example, the potential risk of failure associated with the I-35W South 
deep stormwater tunnel contributed to MnDOT programming $12 million 
to address needed repairs. Similarly, the plan led to the observation 
that there are many miles of access roads, ramps, frontage roads, and 
auxiliary lanes that are not currently being monitored and tracked.

3. Evaluating the life-cycle cost of overhead sign structures led to the 
observation that most performance issues were related to inadequate 
construction practices (loose nuts). As a result, new design standards 
were initiated to eliminate this issue from occurring in the future.

4. MnDOT has a risk management framework for managing agency 
ULVNV�HIIHFWLYHO\�DW�WKH�HQWHUSULVH�OHYHO��%\�IRFXVLQJ�RQ�ULVNV�DVVRFLDWHG�
with achieving the performance outcomes documented in the TAMP, 
MnDOT was able to uncover risks associated with undermanaging 
assets that had not previously been at the forefront, such as the need 
for prediction models to better manage bridges and the need for a formal 
inspection process for overhead sign structures and high-mast light tower 
structures.

5. The multi-disciplinary nature of the Steering Committee and the 
3URMHFW�0DQDJHPHQW�7HDP�VHUYHG�0Q'27�ZHOO�EHFDXVH�RI�WKH�GLIIHUHQW�
perspectives it provided. Similarly, the formation of the technical Work 
Groups was instrumental in providing the content required to complete 
the TAMP. Therefore, the breadth of the team is important to provide 
guidance, but the technical nature of the TAMP content requires input from 
in-house technical specialists.
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6. The TAMP is intended to provide upper management, elected 
RI¿FLDOV��DQG�WKH�SXEOLF�ZLWK�D�VXPPDU\�RI�WKH�SODQV�IRU�PDQDJLQJ�H[LVWLQJ�
transportation assets over a 10 year period. Therefore, the TAMP needs 
to be written at a fairly high level. However, there is a lot of documentation 
that should be captured as part of the development process and MnDOT 
elected to capture that documentation in a separate Technical Guide 
document that can serve as a reference during future TAMP updates.

Moving Forward

7KH�GHYHORSPHQW�RI�0Q'27¶V�¿UVW�7$03�KDV�DOUHDG\�EHJXQ�WR�LPSURYH�DQG�
UH¿QH�PDQ\�DVSHFWV�RI�WKH�DJHQF\¶V�SROLFLHV�DQG�PHWKRGV�UHODWHG�WR�DVVHW�
PDQDJHPHQW��%\�GHPRQVWUDWLQJ�WKH�YDOXH�RI�OLIH�F\FOH�FRVWLQJ��WKH�7$03�ZLOO�
have a positive effect on future investment decision-making. In addition, the 
TAMP development process focused attention on data gaps that exist at the 
agency and led to initiatives aimed at improving the sophistication of data 
collection and analysis methods. MnDOT plans to continue moving forward 
with asset management planning in the coming years, with each new task 
building on previous work and adding additional asset categories, increasing 
the breadth and precision of data available to decision makers. These and 
similar actions will help MnDOT achieve its overarching goal of enhancing 
¿QDQFLDO�HIIHFWLYHQHVV��:KHQ�FRPELQHG�ZLWK�WKH�IRUWKFRPLQJ�7UDQVSRUWDWLRQ�
Asset Management System (TAMS, see Chapter 2), the TAMPs will help guide 
and improve policy and programming decisions at MnDOT, leading to more 
HI¿FLHQW�DQG�HIIHFWLYH�PDQDJHPHQW�RI�LQIUDVWUXFWXUH�DVVHWV�DQG�KHOSLQJ�WKH�
agency meet the high standard of service expected by all Minnesotans.
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PURPOSE AND STRUCTURE OF THE TAMP TECHNICAL GUIDE 
Purpose and Scope 

The TAMP Technical Guide provides further detail on the process, methodology, and analyses conducted during the development of the TAMP. 
While all the information contained in the Technical Guide is relevant and may be of interest to those tasked with developing a TAMP, much of the 
information was considered too detailed for inclusion in the main document (in that it could potentially disrupt the flow for the reader). Therefore, this 
Technical Guide was developed to document such details and to serve as a reference for updates to the TAMP. 

Structure 

The TAMP Technical Guide has been designed to roughly parallel the main TAMP, with eight chapters (in addition to this Introductory chapter), each 
corresponding to a chapter in the TAMP and following a general format with two key sections: 

x A Process section, with a narrative describing the processes MnDOT went through to develop each chapter of the TAMP, including the 
analyses and the methods of gathering the required information (with visual aids, as necessary) 

x A Supporting Documentation/Data section, which highlights and explains the data, analyses, and results (including displays of spreadsheets 
and worksheets, as applicable) 

 
Depending on the nature of the corresponding TAMP chapter, some Technical Guide chapters are weighted more toward process, while others 
contain more supporting documentation/data. Several (Chapters 3 and 7) are quite short due to the comprehensiveness of their parallel TAMP 
chapters. 

x Chapter 1(Introduction) and 2 (Asset Management Planning and Programming Framework) – Supplemental Information  

o This chapter provides a narrative on the process of developing MnDOT’s first TAMP, including details regarding the workshops and 
other necessary meetings. A table is provided that maps each MAP-21 requirement to the chapter in which it appears in MnDOT’s 
TAMP. 

x Chapter 3 (Asset Management Performance Measures and Targets) – Supplemental Information 

o Chapter 3 of the TAMP contains information pertaining to asset management performance measures and targets. Key terms 
associated with targets discussed in the TAMP are the focus of this chapter of the Technical Guide.   

x Chapter 4 (Asset Inventory and Conditions) – Supplemental Information 

o This chapter describes the steps involved in assembling the asset register/folios. Also discussed are key issues in finalizing the folios 
for the TAMP and general procedures to update and maintain the asset register/folios. 

x Chapter 5 (Risk Management Analysis) – Supplemental Information 

o This chapter provides a detailed description of the various processes involved in identifying and prioritizing the risks and mitigation 
strategies described in the TAMP. MnDOT’s approach to Enterprise Risk Management is presented in this chapter, along with the 
steps involved in determining the undermanaged risks presented in the TAMP.   

x Chapter 6 (Life-Cycle Cost Considerations) – Supplemental Information 

o This chapter provides a detailed description of the various processes involved in analyzing the life-cycle costs associated with the 
asset categories discussed in the TAMP. Two separate aspects of life-cycle costing are documented: 1) the data used to conduct the 
analysis and the process for gathering the information; and 2) the metrics and assumptions used in the analysis. 

x Chapter 7 (Performance Gaps) – Supplemental Information 

o Chapter 7 contains information pertaining to current and targeted performance levels. This Technical Guide chapter provides a brief 
overview of how performance gaps are discussed in the TAMP. 
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x Chapter 8 (Financial Plan and Investment Strategies) – Supplemental Information 

o This chapter provides a description of the asset management investment strategies developed as a part of the Minnesota State 
Highway Investment Plan (MnSHIP) and how they were incorporated into the TAMP. The investment strategies developed for 
highway culverts, stormwater tunnels, overhead sign structures and high-mast light tower structures are discussed in greater detail 
than in the main TAMP document. A summary is also included that details the envisioned process changes regarding how future 
TAMPs will inform MnSHIP updates.   

x Chapter 9 (Implementation and Future Developments) – Supplemental Information 

o This chapter describes a process to help MnDOT decide which assets to consider adding in its next TAMP. A few asset management 
tools and techniques that MnDOT could potentially implement in the future are also discussed. 
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INTRODUCTION AND ASSET MANAGEMENT PLANNING AND 
PROGRAMMING FRAMEWORK: SUPPLEMENTAL INFORMATION 
Overview 

This chapter provides a narrative of the process for the development of MnDOT’s first TAMP. Details are provided regarding the basic processes 
used to develop each section of the TAMP and the face-to-face meetings held to discuss results and findings at each stage of the TAMP 
development process. A simple table (Figure 1-4) is also provided that discusses MAP-21 requirements and the section of the TAMP that addresses 
those requirements. 

Note: 
Chapter 2 of the TAMP provides the necessary documentation regarding MnDOT’s planning and programming framework. Therefore, the primary 
focus of this chapter of the Technical Guide is supplementary information pertaining to the TAMP development process. 

Process 

This section describes the basic processes involved in developing the TAMP, including the roles and responsibilities of various personnel and groups 
involved. The critical pieces of information required to develop the TAMP are also highlighted, in addition to the various meetings and facilitated 
workshops conducted during the TAMP development process. The overall TAMP development process flow is illustrated in Figure 1-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1: TAMP Development Process   
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TAMP SCOPE 

The MnDOT TAMP formalized and documented key information on the following six asset categories: 

x Pavements 

x Bridges 

x Highway Culverts 

x Deep Stormwater Tunnels 

x Overhead Sign Structures 

x High-Mast Light Tower Structures 

 
For each asset class, the following information was incorporated into the TAMP: 

x Asset inventory and conditions 

x Asset management objectives and measures 

x Performance gap assessment 

x Life-cycle cost (LCC) considerations  

x Risk management analysis 

x Financial plan and investment strategies 

x Asset management process enhancements 

TAMP DEVELOPMENT MANAGEMENT AND TIMEFRAME 

The development of MnDOT’s TAMP was led by Mr. Mark Nelson, Mr. Kirby Becker, and Mr. Matthew Malecha from MnDOT’s Office of 
Transportation System Management. Mr. Nelson served as the contact for the FHWA pilot study and Mr. Becker and Mr. Malecha served as Project 
Managers for the consulting contract with Applied Pavement Technology, Inc. (APTech). The TAMP development effort commenced in June 2013 
and a final version of the TAMP was completed in July 2014. 

PARTICIPANTS IN DEVELOPING THE TAMP 

The TAMP was developed through the cooperative efforts of several committees, Work Groups, and outside contractors, as described below. 

STEERING COMMITTEE 

The Steering Committee provided general direction to the TAMP effort and assisted in communicating the purpose and progress to other 
stakeholders. The Steering Committee met every other month (six times) during development of the TAMP to provide direction on risk, life-cycle 
cost, performance measures and targets, financial plan and strategies, and next steps.   

PROJECT MANAGEMENT TEAM 

A multi-disciplinary Project Management Team (PMT) managed the overall TAMP effort and was very involved in project management tasks, such 
as work plan development.  The PMT also collaborated with the outside contractors on a regular basis and served as members of the technical Work 
Groups.  Similar to the Steering Committee, the PMT met every other month (six times) during development of the TAMP. Members on the PMTalso 
served on the Steering Committee. 
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WORK GROUPS 

Work Groups were developed for each specific asset category and a separate Work Group to help facilitate the risk assessment and management 
process.  These groups assisted in documenting current practices in terms of risk management, life-cycle costing, gap identification, and financial 
planning.  The groups also helped develop and review defined levels of service, performance measures and targets, and maintenance and capital 
cost estimates for identified asset categories.  During development of the TAMP, there were more than twenty Work Group meetings to discuss the 
above information. 

FHWA PILOT STUDY SUPPORT 

The FHWA Office of Asset Management supported three state DOTs in a pilot project to develop their first TAMPs, which will serve as models to be 
studied and as examples for other state or local transportation agencies. Along with MnDOT, agencies participating in the TAMP pilot were the 
Louisiana Department of Transportation and Development (LADOTD) and the New York State Department of Transportation (NYSDOT). 

The contractor for the FHWA pilot project was AMEC, with technical assistance from Cambridge Systematics.  The FHWA contractor was 
responsible for providing technical assistance to and helping to develop TAMPs for the three pilot states. Key contacts for the AMEC/Cambridge 
Systematics team include Mr. Jonathan Groeger, AMEC, and Mr. Joe Guerre, Cambridge Systematics. 

MNDOT CONTRACTOR SUPPORT 

MnDOT contracted with Applied Pavement Technology, Inc. (APTech) to assist with the development of MnDOT’s comprehensive TAMP. As part of 
the contract, APTech, in coordination with MnDOT facilitated meetings of the PMT, Steering Committee, and Work Groups and assisted with the 
development of a comprehensive TAMP and a corresponding Technical Guide. Ms. Katie Zimmerman was the Principal Investigator for APTech. 
She was assisted by Mr. Prashant Ram, APTech, and Mr. Paul Thompson, an individual consultant to the team. 

INFORMATION NEEDED TO DEVELOP THE TAMP 
Figure 1-2 summarizes the key information and work activities required to develop the TAMP. Much of the information was obtained through 
facilitated teleconferences, Work Group assignments, and face-to-face meetings/workshops with the participants involved in the TAMP development 
process. 

 

SECTION INFORMATION/WORK ACTIVITIES REQUIRED 

Asset Management 
Planning and 
Programming 
Framework 

x Describe the objectives of the asset management program. 

x Describe existing asset management policy and various plans and programs currently in place to 
support asset management. 

x Discuss MnDOT’s overall capital and operations/maintenance investment priorities. 

x Document the process used to develop the above items. 

Asset Management 
Performance Measures 

and Targets 

x Summarize the performance measures and targets documented to be used in the TAMP. 

x Assess the adequacy of the performance measures to make investment decisions and make any 
recommendations for changes. 

x Determine whether any additional performance measures are needed to report progress towards 
national goal areas. 

x Document the process for developing performance measures and establishing performance 
targets. 

x Recommend to the Steering Committee any changes to performance measures that might be 
required. 

x Document the process for using performance data to support asset management investment 
decisions at MnDOT. 

Figure 1-2: Information Needed to Develop the TAMP   
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Asset Inventory and 
Condition 

x Develop an asset register showing the inventory count of each asset, current replacement value, 
current age and condition, office responsible for the data, and confidence in the data. 

x Compile documentation on the procedures used to assess asset condition. 

Risk Management 
Analysis 

x Describe MnDOT’s process for assessing and managing risks. 

x Document agency and program risks that could impact MnDOT’s ability to achieve the goals 
documented in the TAMP. 

x Summarize agency and program risks in a risk register that includes the likelihood and 
consequences of occurrence and recommendations for mitigation. 

x Document the process used to evaluate risks. 

Life-Cycle Cost 
Considerations 

x Describe “life-cycle costs” and explain why they are important. 

x Provide an example of a typical deterioration model. 

x Describe strategies for managing assets over their whole lives, from inception to disposal, 
illustrating the use of a sequence of activities including maintenance and preservation treatments. 

x Document the typical life-cycle cost of the assets included in the TAMP. 

x Document the typical life-cycle cost of adding a new lane-mile of roadway and document a 
process for considering future maintenance costs when evaluating potential roadway expansion 
projects.  

x Document the tools used by the agency to manage assets effectively over their life-cycles. 

Performance Gaps 

x Describe short- and long-term asset management planning horizons. At a minimum, the TAMP will 
reflect a 10-year planning horizon. 

x Link the performance to national goal areas, as appropriate. 

x Present an analysis of future funding versus condition scenarios. 

x Illustrate the performance gap between existing conditions and future condition targets. 

x Estimate the cost of addressing the gap in performance. 

x Document the process used to conduct the performance gap analysis. 

Financial Plan and 
Investment Strategies 

x Summarize historic funding levels for the five assets included in the TAMP. 

x Describe the amount of funding expected to be available for these assets over the next 10 years 
and describe where these funds will come from. 

x Describe how these funds will be allocated over the 10-year horizon. 

x Document the sources of information used to develop the financial plan. 

x Document any assumptions made in preparing the financial plan. 

x Present recommended investment strategies that will enable MnDOT to achieve its performance 
targets (using information from the previous sections). 

x Document the process used to evaluate and select investment strategies. 

Implementation and 
Future Developments 

x Document a governance plan for the TAMP, including how it will be used and when it will be 
updated. 

x Describe priorities for asset management process enhancements and implementation. 

x Provide plans for expanding the TAMP to include other assets. 
MEETINGS AND WORKSHOPS 

During the TAMP development process, several face-to-face meetings and facilitated workshops (in addition to numerous teleconference calls) were 
conducted to review progress, discuss action items and gain feedback from the management team on a wide range of topics. A schedule of these 
meetings and the key agenda topics are summarized in Figure 1-3. 
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DATES MEETING/WORKSHOP AGENDA TOPICS/DISCUSSION ITEMS 

May 29, 2013 
Project Kick-Off Meeting: 

x Establish parameters for developing the TAMP 
x Develop TAMP Work Plan 

June 13, 2013 
Steering Committee (SC) Meeting: 

x TAMP objective and scope 
x Review work plan and schedule 
x Role of Steering Committee in TAMP development 

July 29-30, 2013 

PMT Meeting: 

x Review content of Asset Register 
x Discuss objective and plan for the LCC section of the TAMP 

LCC Workshop: 

x Review information provided by asset Work Groups on LCC 
x Discuss LCC modeling strategies for the TAMP 

September 20, 2013 
Risk Assessment Workshop: 

x Provide overview on risk management 
x Discuss and validate undermanaged risks identified 
x Prioritize undermanaged risks and identify strategies for mitigation 

September 26, 2013 
PMT Meeting: 

x Review preliminary life-cycle cost analysis results 
x Identify next steps in risk assessment 
x Discuss key information required to develop investment strategies and performance targets 

November 14-15, 2013 

PMT Meeting: 

x Discuss preliminary recommendations on investment strategies and performance measures 
x Discuss recommendations for asset management process improvements 

SC Meeting: 

x Discuss strategies to overcome undermanaged risks 
x Prioritize asset management process improvements 
x Review and refine recommendations for investment strategies and performance targets 

Jan 21-22, 2014 

PMT Meeting: 

x Review and recap completed work activities 
x Discuss draft TAMP development approach 

SC Meeting: 

x Finalize investment strategy recommendations 
x Recommend business process changes Present recommended investment strategies 

Mar 20-21, 2014 

PMT Meeting: 

x Review draft TAMP and gain critical feedback 
x Discuss plans for development of TAMP Technical Guide 
x Discuss TAMP governance and application recommendations 

SC Meeting: 

x Discuss TAMP governance plan and structure and list of process enhancements that MnDOT will 
implement 

x Discuss future activities of the Steering Committee 
 

 

Figure 1-3: Meetings and Workshops Conducted During the TAMP   
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Supporting Data and Documentation 

Figure 1-4 summarizes the MAP-21 requirements and the section of the TAMP that addresses those requirements. 

 

MAP-21 REQUIREMENT(S) SECTION OF TAMP/NOTES 

Develop a risk-based asset management plan to improve or preserve 
asset condition and the performance of the system Entire document 

Include strategies that result in achievement of state targets for asset 
condition and performance of NHS, and supporting progress towards 
achievement of national goals 

Chapters 2, 3, and 8 

States are encouraged to include all infrastructure assets with the right-
of-way corridor in the TAMP 

Chapter 1 

MnDOT expanded beyond MAP-21 requirements to 
include pavements and bridges on the entire state highway 
system, as well as highway culverts, deep stormwater 
tunnels, overhead sign structures, and high-mast light 
tower structures 

Include a summary listing of pavement and bridge assets on the NHS 
in the state, including a description of their condition Chapter 4 

Document asset management objectives and measures Chapters 2, 3 
Identify performance gaps Chapter 7 
Include a life-cycle cost analysis for the assets in the TAMP Chapter 6 

Include a risk management analysis Chapter 5 

Include a financial plan and investment strategies Chapter 8 

Document the process used to develop the TAMP Chapters 1, 2, and 9 
Develop a risk-based asset management plan for the NHS to improve 
or preserve condition of the assets and the performance of the system Entire document 

 

Figure 1-4: Summary of MAP-21 Requirements   
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ASSET MANAGEMENT PERFORMANCE MEASURES AND TARGETS: 
SUPPLEMENTAL INFORMATION 
Overview 

Chapter 3 of the TAMP describes MnDOT’s business practices, performance measures, and targets used to monitor and report asset conditions, as 
well as the new target terminology used in the TAMP. Figure 3-1 summarizes these new key terms associated with targets, which now override the 
language used to describe performance outcomes in MnSHIP. Moving forward, MnDOT will use the term “target” to denote desired outcomes. The 
term “plan outcome” will be used to identify outcomes to which MnDOT is managing, while the term “expected outcome” will be used to demonstrate 
the results of predictive modeling performed using various analytical tools. 

 

TERM MEANING USE BASIS FOR 
ESTABLISHMENT TERM 

Target 
Outcome consistent with 
agency goals and traveler 
expectations 

x Communicate desired 
outcome 

x Evaluate performance 

x Identify investment 
needs 

Approved by senior 
leadership; guided by agency 
policies and public planning 
process 

Less than once per 
planning cycle 

Plan 
Outcome 

Outcome consistent with fiscal 
constraint/spending priorities 

x Communicate 
spending priorities 

x Develop/manage 
programs 

x Select investments 

Establish concurrently with 
the adoption of investment 
plans 

Once per planning 
cycle 

Expected 
Outcome 

Forecasted outcome based on 
predictive modeling 

x Monitor plan 
implementation 

x Promote accountability 
and/or initiate 
corrective action 

Generated by expert offices 
based on updated 
performance information and 
planned improvements 

Annually 

 

Chapters 7 and 8 of the TAMP provide a detailed description of the targets, plan outcomes, and expected outcomes for each of the asset classes 
discussed in the TAMP. 

Note: 
Chapter 3 of the TAMP contains the majority of needed information pertaining to asset management performance measures and targets. Therefore, 
no additional information is provided in this chapter of the Technical Guide. 

 

 

 

Figure 3-1: Summary of New Key Terms Associated with Targets   
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ASSET INVENTORY AND CONDITIONS: SUPPLEMENTAL INFORMATION 
Overview 

This chapter describes the steps involved in assembling the asset register, which was then converted into a ‘folio’ for each asset category. The 
process of finalizing the folios for the TAMP is also described, along with a general procedure to update and maintain the asset register/folios in the 
future. 

Process 

The process of assembling the asset register/folios and the sources of information are presented in this section, and issues related to finalizing the 
asset register/folios for the TAMP are discussed, along with a simple procedure for maintaining and routinely updating them. 

STEPS INVOLVED IN DEVELOPING THE ASSET REGISTER/FOLIOS 

The steps involved in developing the asset register/folios are summarized in Figure 4-1. 

 

 

 

 

 

 

 

 

 

 

KEY INFORMATION SUMMARIZED IN THE ASSET REGISTER/FOLIOS 

A typical asset register is divided into six sections. The key information summarized in each section is discussed below. All the information was 
provided by the asset Work Groups. 

ASSET OVERVIEW 

This section of the asset register/folio provides a high-level summary of the purpose and importance of the asset and its scope, as covered in the 
TAMP. 

INVENTORY AND REPLACEMENT VALUE 

Current asset inventory and replacement value statistics, separated by system or functional classification (if applicable), are summarized in this 
section.   

Figure 4-1: Asset Register/Folios Development Process   
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x Pavements: The inventory of flexible (asphalt-surfaced) and rigid (concrete-surfaced) pavements is provided in roadway miles and the total 
inventory is summarized in both roadway-miles and lane-miles. Replacement value for pavement assets is based on an average replacement 
cost of $1 million per lane-mile. 

x Bridges: The bridge inventory is summarized both by count (number of bridges) and by bridge deck area (sq. ft.). Replacement value is 
computed using a unit cost that ranges from $145 per sq. ft. to $225 per sq. ft., depending on the type of bridge. 

x Hydraulic Infrastructure: The statewide inventory of highway culverts (count) and deep stormwater tunnels (total length, number of tunnels, 
and tunnel segments) are summarized. The replacement value for highway culverts was estimated using an average unit cost of $798 per linear 
ft. (and assuming an average culvert length of 45 ft.), while the replacement value for deep stormwater tunnels was based on the consensus 
expert opinion of the Work Group. 

x Other Traffic Structures: The statewide inventory of overhead sign structures and high-mast light tower structures are summarized (a simple 
count of the structures is used). Replacement values for overhead sign structures and high-mast light tower structures are based on unit costs 
of $85,000 and $40,000 per structure, respectively. 

 
ASSET AGE PROFILE 

This section of the asset register/folio summarizes the age profile (percent of inventory in a given age category) for each asset category included in 
the TAMP. 

DATA COLLECTION, MANAGEMENT, AND REPORTING PRACTICES 

The asset data collection protocols and the data management and reporting practices are summarized in this section.   

CONDITION RATING SCALE 

A graphical representation of the asset condition rating scale used in the TAMP is provided, in order to help compare and contrast the various 
condition categories used for the different assets. 

CONDITION TARGETS AND 10-YEAR INVESTMENT LEVELS 

Asset condition (based on the most recent available data), recommended performance targets (discussed in Chapter 3 of the TAMP), and required 
investment levels to meet those targets (discussed in Chapter 8 of the TAMP) are summarized in this section.   

ISSUES IN FINALIZING THE ASSET REGISTER/FOLIOS FOR THE TAMP 

Figure 4-2 summarizes the key issues that the project team faced during the development of the asset register/folios – and the strategies adopted to 
handle them. 
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SECTION INFORMATION/WORK ACTIVITIES REQUIRED 

Too much information 
covered in asset 
register, thereby making 
the format difficult to 
present in a user-
friendly format in the 
TAMP 

In the first version of the asset register, all the assets were included in a single template. To make it 
more readable, separate folios were created for each asset, rather than forcing a single ‘mega-table’ for 
all the TAMP asset categories. 

Inconsistencies in 
data/information from 
version to version 

As the asset register evolved, several inconsistencies were noted in the various versions, primarily 
because multiple individuals were responsible for updating the data. It was decided that a single person 
would be responsible for updating the asset register, which resulted in the production of a consistent 
product (from both content and formatting standpoints). 

Uncertainty in data 
sources and/or 
assumptions made in 
arriving at some of the 
statistics summarized in 
the asset register 

Key assumptions and data sources were summarized as footnotes in the asset register. 

 

PROCESS TO UPDATE AND MAINTAIN THE ASSET REGISTER/FOLIOS 

The asset register should be updated on an annual basis; responsibility for delivery of this update should be given to a specific individual at the 
agency to ensure consistency. The typical process for updating the asset register/folio is summarized below: 

x Step 1: Provide the most recent version of the asset register/folio to each specific division/department that houses or manages the relevant 
data. Ask them to review sections 2 through 5 of the asset register/folio (inventory and replacement value; asset age profile; data collection 
management, and reporting practices; condition rating scale) and provide updates. 

x Step 2: Update the register/folios based on any new information received and provide a revised copy for final review by the division/department 
providing the data. 

x Step 3: Save a final version to the network and make a backup copy. 
 

Figure 4-2: Information Needed to Develop the TAMP   
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RISK MANAGEMENT ANALYSIS: SUPPLEMENTAL INFORMATION 
Overview 

This chapter provides a detailed description of the various processes involved in identifying and prioritizing the risks and mitigation strategies 
described in the TAMP. MnDOT’s approach to Enterprise Risk Management is presented in this chapter, along with the steps involved in determining 
the undermanaged risks presented in the TAMP. The risk management analysis efforts resulted in the production of risk registers specific to each 
asset category considered in this TAMP. The summarized core content of these risk registers is provided as an attachment at the end of the chapter, 
along with additional information compiled by each asset Work Group.  

 

Process 

MnDOT’s Enterprise Risk Management (ERM) 
framework – which is used to assess, prioritize, and 
manage strategic/global risks across the department – 
is discussed in this section, followed by a discussion of 
the step-by-step process used in identifying, prioritizing 
and costing the undermanaged risk opportunities. 

ENTERPRISE RISK MANAGEMENT 
FRAMEWORK 
MnDOT has implemented an ERM framework as an 
integral part of its business processes (illustrated in 
Figure 5-11). The framework begins with identification of 
Key Results Areas, which are the MnDOT’s priority 
business and investment objectives. Business planning 
for these Key Results Areas includes an assessment of 
strategic risks by senior executives. Business line 
management groups then assess strategic and 
business line risks affecting the achievement of their 
objectives and the delivery of their products and 
services. At an even more detailed level, project 
managers identify the risks that threaten project 
objectives such as scope, schedule, and cost. 

Supporting these risk assessment processes, MnDOT 
maintains a risk register2, reflecting at any given point in 
time the current status of strategic and business line 
risks, including relevant performance measures. The 
integrated risk register discusses the likelihood and 
consequences of strategic risks, along with potential 

                                                                 
1 Source: MnDOT Enterprise Risk Management Framework and Guidance (2013). 
2 http://www.dot.state.mn.us/riskmanagement/pdf/july_2013-strategic_risk_register_report.pdf  
 

Figure 5-1: MnDOT’s Enterprise Risk Management Framework  
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impacts in the following areas: 

x Agency reputation 

x Business performance and capability 

x Finance 

x Security of assets 

x Management effort 

x Environment 

x Legal and compliance 

x Health and safety 

x Quality 

x Stakeholder engagement 

The risk register also provides a risk mitigation plan and a governance structure that indicates the division responsible to manage a particular risk. 
Since the global/strategic risks (e.g. natural hazards, accidents and crashes, traffic congestion) are already handled effectively through the ERM 
process, the TAMP focuses on undermanaged risks and opportunities to management/mitigate those risks though process changes and/or capital 
investments. This procedure is discussed in further detail in the following sections. 

RISK MANAGEMENT ANALYSIS PROCEDURE USED IN THE TAMP 

The step-by-step approach used in identifying the undermanaged risks is illustrated in Figure 5-2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-2: TAMP Risk Management Analysis Process   
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WORK GROUP ASSIGNMENT #1: IDENTIFY BROAD RISKS AND IMPACTS (AUGUST/SEPTEMBER 2013) 

The first assignment completed by each asset Work Group included the determination of the broad list of risks relevant to each asset class included 
in the TAMP and the impact of the risk on the asset, the public, and MnDOT. The Work Groups also documented existing control/mitigation 
strategies being used, gaps in existing business protocols that are preventing MnDOT from managing the risks effectively and the ideal mitigation 
strategy for the risk identified.  

Figure 5-3 summarizes the comprehensive list of risks identified by the asset Work Groups. These lists were discussed among the Work Group 
participants and those risks that were considered to be undermanaged are shown in italics. The remaining risks (not identified as being 
undermanaged) are either being addressed through the current management practices and protocols in place for each asset or they are already 
addressed through the ERM framework (discussed earlier). The undermanaged risks were reviewed in further detail during the development of the 
strategies for mitigating/managing these risks, identified during the second Work Group assignment. The complete set of documentation developed 
by the asset Work Groups as a part of the Work Group Assignment #1 is provided as an attachment at the end of this chapter.  

 

 

PAVEMENTS BRIDGES 

x Not meeting public expectations for pavement 
quality/condition at the state/district/local levels 

x Inappropriately managing or not managing pavements 
such as frontage roads, ramps, and auxiliary lanes 

x Inability to meet federal requirements (such as MAP-21, 
GASB, etc.) 

x Inability to appropriately manage to lowest life-cycle cost 

x Premature deterioration of pavements 

x Significant reduction in funding 

x Occurrence of an unanticipated event such as a natural 
disaster 

x Lack of or deferred funding 

x Inability to manage to lowest life-cycle cost 

x Occurrence of an unanticipated natural event 

x Catastrophic failure of the asset 

x Significant damage to the asset through manmade 
events 

x Premature deterioration of the asset 

x Shortage of workforce 

HIGHWAY CULVERTS AND  
DEEP STORMWATER TUNNELS 

OVERHEAD SIGN STRUCTURES AND 
HIGH-MAST LIGHT TOWER STRUCTURES 

x Failure/collapse of tunnel/culvert 

x Flooding and deterioration due lack of tunnel capacity 

x Lack of culvert capacity 

x Inability to appropriately manage culverts 

x Inability to appropriately manage tunnels 

x Inappropriately distributing funds or inconsistency in 
culvert investments 

x Significant damage to culverts through manmade events 

x Lack of having a mandated process for inspection 

x Poor contract execution 

x Inability to manage to lowest life-cycle cost 

x Significant damage to asset through manmade events 

x Premature deterioration of the asset 

x Unforeseen changes in regulatory requirements, travel 
demands, or technology 

x Shortage of workforce 
 

 

Figure 5-3: Risks Identified by Asset Work Groups   
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RISK WORKSHOP #1: VALIDATION OF UNDERMANAGED RISKS AND STRATEGY IDENTIFICATION FOR TOP UNDERMANAGED RISKS 
(SEPTEMBER 2013) 

During this workshop, representatives from MnDOT’s ERM office provided a brief overview of MnDOT’s approach to risk management and how the 
agency’s standardized risk assessment process aligns with the preliminary risks identified by each asset Work Group (shown in Table 5-1). The 
presentation, which involved members of the Steering Committee as well as Work Group participants, further discussed the proposed plan to focus 
the TAMP on undermanaged risks. The participants agreed to the approach and participated in a facilitated discussion to identify general 
mitigation/management strategies for the top undermanaged risks.  

Following this workshop, a meeting was held with TAMP Project Management team (on September 26, 2013) to discuss the results of the risk 
assessment workshop and the next steps. At the conclusion of this meeting, the asset Work Groups, in conjunction with the representatives of 
MnDOT’s ERM office, were tasked with developing comprehensive risk statements that could be used to develop strategies that would help 
control/mitigate the highest risks. In order to finalize the risk management analysis section of the TAMP, another assignment, which focused on 
reviewing the undermanaged risks identified in closer detail and developing specific mitigation strategies, was undertaken by the Work Groups 
(discussed in the next section). 

WORK GROUP ASSIGNMENT #2: REVIEW UNDERMANAGED RISKS AND DEVELOP PREFERRED AND ALTERNATE MITIGATION 
STRATEGIES (OCTOBER/NOVEMBER 2013) 

The second assignment completed by the asset Work Groups built on the previous information but specifically focused on the undermanaged risks. 
The step-by-step procedure followed by the Work Groups to complete this assignment is summarized below: 

x Step 1: Define preferred mitigation strategy for addressing the risk identified. 

x Step 2: Identify data, resources, tools, and/or training required to enact the strategy. 

x Step 3: Describe whether the strategy will reduce the likelihood of another identified risk. 

x Step 4: Estimate the approximate cost of implementing the preferred mitigation strategy. 

x Step 5: Identify whether an alternate strategy might be available that doesn’t fully mitigate the risk but lowers the overall likelihood or 
consequence associated with the risk. 

x Step 6: Estimate the cost associated with the alternate strategy. 

x Step 7: For both strategies developed, identify the impact on likelihood and consequence of the original risk should either of the strategies be 
adopted. 

A detailed version of the guidance provided to the Work Groups on Assignment #2 and the results are provided as attachments at the end of this 
chapter. 

RISK WORKSHOP #2: PRIORITIZATION OF RISK MITIGATION STRATEGIES (NOVEMBER 2013) 

The undermanaged risks developed by the Work Groups were organized into one of two broad categories: “Capital Investments” or “Process 
Improvements”. Those risks that were considered to be process improvements were ranked by the workshop participants. Strategies that involved 
capital investments were not included in the prioritization process because those risks would likely be addressed elsewhere within MnDOT. Also, 
process improvement initiatives that were considered to be very low-cost activities that provided a high return on investment were excluded from the 
prioritization process because they were clearly high priorities and most of them were already underway. Based on votes from the Steering 
Committee members, the risk mitigation strategies associated with bridge process improvements received the highest priority, followed by process 
improvements for highway culverts, deep stormwater tunnels, pavements, and overhead sign structures / high-mast light tower structures. 
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The results of the Risk Workshop #2 were then used to develop final priorities for the TAMP using the general process summarized in Figure 5-4. 
(Results of this process are summarized in Figure 5-7 of the main TAMP document). 

 

 

 

 

 

 

 

 

 

Supporting Data and Documentation 

As discussed in the previous sections, a number of documents were prepared as part of the risk management analysis efforts undertaken by the 
asset Work Groups. These include: 

x Results of Work Group Assignment #1: Identify Broad Risks and Impacts 

x Results of Work Group Assignment #2: Review Undermanaged Risks and Develop Preferred and Alternate Mitigation Strategies and Costs 

The key findings related to the undermanaged risks (from Work Group Assignments #1 and #2) are summarized in this section, and detailed 
worksheets prepared by the Work Groups as supporting documentation and detailed instructions are provided at the end of the chapter.  

SUMMARY OF FINDINGS FROM THE RISK MANAGEMENT ANALYSIS WORK GROUP EFFORTS 

The Work Group process was iterative and extended over two formal workshops, with opportunities between workshops to modify certain aspects of 
the product. Participants took advantage of the process to learn about the risks, assess the ability of existing information systems to quantify risks 
and costs, and reach consensus on priorities and approaches for future improvements. Undermanaged risks identified in the TAMP are summarized 
in the following sections. 

 

PAVEMENTS 

The Pavements Work Group developed two risk statements and a set of mitigation strategies and risk ratings for each of them. Figure 5-5 
summarizes the risk management analysis performed by the Work Group. 

 

  

Figure 5-4: Prioritization Strategy for Risks to be Managed by MnDOT   
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Risk Statement (#1) Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #1: 
Non-Attainment of Objectives: If public expectations for pavement quality or condition are not met, especially at the 
local/corridor level, then the agency's reputation may suffer, service delays and unsafe conditions may increase and the cost of 
maintenance may grow. 
x Current control/mitigation strategies: Using money to manage to lowest life-cycle cost including routine maintenance; money 

distributed statewide based on need; implementation of performance measures and targets; balanced funding across entire 
system; MAP-21 direction to allocate funding to the National Highway System; staging of more timely and appropriate 
treatments; and multiple fixes at each location or on each corridor. 

x Previously identified mitigation strategies: More timely and appropriate staging of treatments; multiple fixes at location or on 
corridor (only if LCC treatment intervals modified); more systematic and standardized statewide approach to fixes. 

Preferred Mitigation Strategy, Resources, and Costs: 
Annually track, monitor and identify roadway segments that have been in Poor condition greater than five years, and consistently 
consider this information when programming at the district level. The cost would be eight hours of staff time to run a report and 
coordinate with districts during annual programming activities. (Process Improvement Strategy) 
Effect on Other Risks: May reduce the risk of failing to comply with GASB Statement 34 requirements. 
Alternate Mitigation Strategy and Costs: 
Jurisdictional realignments, to divest maintenance responsibility onto other agencies. Divestiture could cost $200,000 per mile to 
bring roads up to a standard necessary for acceptance by another agency. An outreach plan and communication strategy – at a 
possible cost of $25,000 – may reduce the potential loss of reputation if the MnDOT fails to meet objectives. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Major Likely High 
Preferred Strategy Major Possible Medium 
Alternate Strategy Moderate Likely Medium 

Risk Statement (#2), Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #2: 
Exclusion of Auxiliary Roads: If MnDOT does not include ramps, access roads, auxiliary lanes and frontage roads in its 
pavement inventory and use their condition in its pavement model, then these assets will not be included in pavement 
management decisions and cannot be managed to achieve the lowest life-cycle cost for all highway pavements. 
x Current control/mitigation strategies: None. 
x Previously identified mitigation strategies: Increased indefinite-quantity or blanket-type projects to address localized 

distresses, with better tracking of deterioration and condition. 
Preferred Mitigation Strategy, Resources, and Costs: 
1. Collect additional data in the Metro District with the use of the old Material Office pavement van, at an estimated cost of 

$100 per mile. (Process Improvement Strategy) 
2. Build a stand-alone database that will house pavement data and allow for better tracking, with a cost range of $2,000 to 

$20,000. (Process Improvement Strategy) 
Alternate Mitigation Strategy and Costs: 
Collect data in Greater Minnesota districts by hand, using maintenance staff. Visually collect images through video capture or 
windshield survey. These would cost around $100/mile to collect data and additional cost/time to enter information into the 
database. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Minor Possible Low 
Preferred Strategy Minor Unlikely Low 
Alternate Strategy Minor Unlikely Low 

 

 

Figure 5-5: Pavement Risk Management Analysis Summary   
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BRIDGES 

Figure 5-6 summarizes the bridge risk management analysis performed by the Bridge Work Group. The Work Group developed two risk statements, 
an integrated set of mitigation strategies, and associated risk ratings.  

 

Risk Statements (#1 & #2) Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #1: 
Life-Cycle Cost: If bridge inspection data, bridge model sophistication, and bridge deterioration models are not accurate or 
complete, then it may be difficult to determine the lowest life-cycle cost strategy for bridges. 
x Current control/mitigation strategies: BRIM (Bridge Replacement and Improvement Management) system; SIMS (Structure 

Information Management System); performance measures. 
x Previously identified mitigation strategies: Link BRIM, SIMS, Swift (MnDOT financial management system), contract 

preservation costs and AASHTOWare Bridge Management 5.2 (bridge management system) in order to make appropriate 
management decisions; develop a preventive maintenance performance measure; improve knowledge of deterioration 
curves. 

Risk Statement #2: 
Premature Deterioration: If one or more bridges deteriorate prematurely, then maintenance costs may be higher than expected 
and there may be unanticipated risks to structural integrity. 
x Current control/mitigation strategies: Inspection and maintenance tracking to try to anticipate needs; ability to track and 

prioritize work. 
x Previously identified mitigation strategies: Better inspection and maintenance tracking; better knowledge of deterioration 

curves; implementation of the AASHTOWare Bridge Management 5.2 system. 
Preferred Mitigation Strategy, Resources, and Costs (Process Improvement Strategy: 
1. Finish development of SIMS Maintenance Module. 

x This system is currently in development. MnDOT has in-depth maintenance data back to 2009 which needs to be 
migrated into the SIMS Maintenance Module.  

x Requires 50 Trainees and 2 instructors for eight 4-hour training sessions located around the state, plus curriculum 
development and data migration. The total effort is about 400 hours. 

2. Develop the Preventive Maintenance (PM) Program, including a performance measure to verify that PM is performed at the 
right time. This will require collaboration with MnDOT districts, including annual meetings. 

3. Develop a Business Intelligence reporting tool to link SIMS and Swift. 
x This is currently in the data discovery phase, and no cost estimate has yet been prepared. 
x Training for three power users with one instructor for two full-day sessions would total 64 hours. Training for 29 regular 

users with one instructor for one full-day session would total 240 hours. 
4. Migrate inspection and maintenance data to AASHTOWare Bridge Management 5.2 (when completed), create and utilize 

the deterioration curves. As part of this step, existing bridge element condition data will need to be converted according to 
upcoming Federal requirements and AASHTO specifications. 
x Multi-state collaboration for AASHTOWare development costs $50,000 per year for five years (29 states are 

participating). 
x MnDOT will need resources and equipment to test and implement the BrM 5.2 system. MnDOT will need to develop 

deterioration curves and cost models from Minnesota data. 
5. Link Construction Costs with Maintenance costs in the new Business Intelligence reporting tool. 
6. Link BRIM and AASHTOWare BrM 5.2, which will allow future bridge data and models to participate in the BRIM risk 

analysis. 
7. Compare cost, age, and performance trends of the bridge system to determine effectiveness of management strategy, and 

adjust accordingly. 
8. Research to further identify lowest life-cycle cost (e.g. deterioration models, effectiveness of maintenance activities, 

products, etc.) 
x Deck deterioration and National Bridge Element research is currently in progress. 
x Other research may be needed. 

Figure 5-6: Bridge Risk Management Analysis Summary   
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Approximate Cost of Preferred Mitigation Strategy: $2 million. This represents a one-time implementation cost. Following 
implementation, this will be a low-cost strategy to maintain annually. 
Effect on Other Risks: The preferred strategy will mitigate both of the risks identified in this exercise (manage to lowest life-
cycle cost and premature deterioration) as well as help to mitigate the lack or deferral of funding. 
Alternate Mitigation Strategy and Costs: 
1. Finish development of SIMS Maintenance Module (already in progress). 
2. Develop the Preventive Maintenance (PM) program and performance measure (in progress) to verify that PM is performed 

at the right time. 
3. Cost accounting tracking through existing systems (WOM, Financial Reports). These systems are not tied with maintenance 

data in SIMS. 
4. Migrate inspection and maintenance data to AASHTOWare BrM 5.2 (when completed) and create/utilize the deterioration 

curves. As part of this step, existing bridge element condition data will need to be converted according to upcoming Federal 
requirements and AASHTO specifications. 

Under this alternate strategy, the Business Intelligence reporting tool would not be used and BRIM would not be linked to future 
bridge inspection data. 
Approximate Cost of Alternate Mitigation Strategy: $1.4 million. This represents a one-time implementation cost. Following 
implementation, this will be a low-cost strategy to maintain annually. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Moderate Likely Medium 
Preferred Strategy Minor Likely Medium 
Alternate Strategy Moderate Likely Medium 

 

HIGHWAY CULVERTS 

Figure 5-7 summarizes the highway culvert risk management analysis performed by the Hydraulics Work Group.  

 

Risk Statement, Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement: 
Inability to manage culverts: If highway culverts are not managed effectively, then the risk of failure and the life-cycle cost of 
ownership may increase. 
x Current control/mitigation strategies: MnDOT (partially) inventories and inspects highway culverts and the information is 

used to plan maintenance work and project scoping activities. Highway culvert failures are repaired when they occur. 
x Previously identified mitigation strategies: Additional funding to be able to implement a systematic management approach 

based on targeted work, complete life-cycle cost understanding, data provided, shared and used by design, construction, 
maintenance. 

Preferred Mitigation Strategy, Resources, and Costs: 
1. Adopt a system condition performance measure, and set performance targets. This will need about 200 hours of staff time. 

(Process Improvement Strategy) 
2. Implement the proposed Asset Management System and gather data that will support life-cycle cost analysis (Process 

Improvement Strategy). This will require: 
x Funds to purchase and implement Transportation Asset Management System – at least $1 million and 1000 hours of 

staff time. 
x Staff and consultant resources to develop business rules – roughly $50,000 in costs and 500 hours of staff time. 
x Staff and consultant resources to collect data for the asset management system. This is estimated to require 16,000 

hours per year. 
3. Repair or replace highway culverts in accordance with Asset Management System recommendations through capital 

Figure 5-7: Highway Culvert Risk Management Analysis Summary   
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projects and maintenance work. This is estimated to require $40 million per year. (Capital Investment Strategy) 
Effect on Other Risks: The preferred strategy will reduce the likelihood of road failure, interruption of service, lack of adequate 
capacity, and land owner drainage complaints. The strategy will also reduce the risk of not being able to support the HydInfra 
information system currently used for culvert data. 
Alternate Mitigation Strategy and Costs: 
Stand-alone construction projects to repair or replace Poor and Very Poor highway culverts. This would entail $1.25 million to 
implement the Transportation Asset Management System (does not include life-cycle cost functionality) and 800 staff hours. The 
cost to repair or replace culverts would need to be significantly more than the current $30 million per year and likely more than 
the $40 million in the preferred strategy, to clear the existing backlog and stabilize future performance. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Moderate Almost Certain High 
Preferred Strategy Moderate Possible Medium 
Alternate Strategy Moderate Likely Medium 

 
 
DEEP STORMWATER TUNNELS 

The Hydraulics Work Group developed two deep stormwater tunnel risk statements and a set of mitigation strategies and risk ratings 
for each. Figure 5-8 summarizes the risk management analysis performed by the Work Group.  
 

Risk Statement (#1) Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #1: 
Capacity: If stormwater tunnel capacity is not adequate for a major rain event and resulting pressurization is too great, then the 
tunnel will be damaged or collapse, local flooding may occur, property may be damaged, and people may be killed or injured. 
x Current control/mitigation strategies: None. 
x Previously identified mitigation strategies: Provide a new tunnel system and back charge City of Minneapolis; City to 

separate its water (as much as possible); downsize new/modified system as much as possible to save costs 
Preferred Mitigation Strategy, Resources, and Costs: 
1. Complete research on underground storage options, including the exploration of shallow cavern storage options for South 

(I-35W) tunnel. The estimated cost is $30,000. Then build the I-35W South underground storage cavern, at a cost of $50 
million. (Process Improvement Strategy) 

2. Develop and implement emergency response plan for business, residential, and freeway areas along the flood-prone I-35W 
South tunnel. The estimated cost is $15,000. (Process Improvement Strategy) 

Effect on Other Risks: May reduce the risk of failing to comply with GASB Statement 34 requirements. 
Alternate Mitigation Strategy and Costs: 
Build the I-35W South underground storage cavern, at a cost of $50 million. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Catastrophic Likely Extreme 
Preferred Strategy Catastrophic Rare High 
Alternate Strategy Catastrophic Rare High 

Risk Statement (#2), Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #2: 
Disrepair: If the needed maintenance repairs are not made in a timely manner, then tunnels may collapse in a major rain event, 
and significant property damage, loss of life, or extensive service disruption may occur and significant reconstruction costs may 
be necessary. 
x Current control/mitigation strategies: Tunnels, with the exception of one, have been thoroughly inspected once to gauge 

baseline condition. Repairs have been prioritized. 
x Previously identified mitigation strategies: MnDOT and communities prioritize construction funding. Establish detour routes 

Figure 5-8: Deep Stormwater Tunnel Risk Management Analysis Summary   
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in advance; map extent of possible flooding; increase funding for rehabilitation, perform data collection and inspection to 
determine life-cycle costs and deterioration rates; work with Cities to redefine management of tunnels to more of a 
coordinated effort. 

Preferred Mitigation Strategy, Resources, and Costs: 
1. Inspect the one remaining uninspected tunnel at a cost of $50,000. (Process Improvement Strategy) 
2. Install pressure transducers in tunnels to measure pressurization. Cost undetermined. (Process Improvement Strategy) 
3. Design and implement a mandated inspection frequency (1-5 years) based on tunnel/segment condition rating, at an 

average cost of $250,000 per inspection. (Process Improvement Strategy) 
4. Include tunnels in the bridge inventory. This will require cooperative work with district offices and the Central Office bridge 

group, and may require consultant assistance. (Process Improvement Strategy) 
5. Prepare plans and implement all repairs needed on the South I-35W tunnel system at MnDOT cost, with City of Minneapolis 

funding used for all other known repairs on all other tunnels. This may require transportation bond financing of $12 million, 
which has already been allocated by MnDOT. (Capital Investment Strategy) 

Effect on Other Risks: This work will improve MnDOT credibility in the event of a failure. It will strategically fix the worst tunnel 
repair needs. It may reduce the likelihood of failure by having increased information on tunnel condition – as long as funding is 
available for repairs when conditions warrant it. 
Alternate Mitigation Strategy and Costs: 
1. Staff from MnDOT (likely Metro Bridge Maintenance), trained on inspections, complete them on select tunnel segments after 

major rain events. 
2. MnDOT hires a consultant to complete inspections on each tunnel, as identified by mandated inspection guidelines. 
3. Begin repairs incrementally and withhold funding to cities on other projects if proposed repair schedules are not met. This is 

estimated to cost an average of $3.5 million per segment. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Catastrophic Possible High 
Preferred Strategy Catastrophic Possible High 
Alternate Strategy Catastrophic Rare Medium 

 
OVERHEAD SIGN STRUCTURES AND HIGH-MAST LIGHT TOWER STRUCTURES 

The Overhead Sign Structures / High-Mast Light Tower Structures Work Group developed three risk statements and a set of correlating 
mitigation strategies. Figure 5-9 summarizes the risk management analysis performed by the Work Group. 

 

Risk Statement (#1) Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #1: 
Construction Defects: If overhead sign structures and high-mast light tower structures are not properly installed as part of a 
construction project, then they may deteriorate more rapidly, requiring more subsequent maintenance. 
x Current control/mitigation strategies: None. 
x Previously identified mitigation strategies: Better quality controls (e.g. MnDOT inspections) of construction work outside of 

edge-of-pavement-to-edge-of-pavement; better checklist to include roadside infrastructure; routine/mandatory workshops at 
end of each construction project. 

Preferred Mitigation Strategy, Resources, and Costs: 
1. Change construction specifications to require torque threshold dye washers. This would entail a one-time investment of 40 

hours of staff time, and an increased annual cost of $20,000 per year. (Process Improvement Strategy) 
2. Communicate punch list and specifications with companies that install structures and with construction inspectors. This might 

increase staff time requirements by 200 hours per year. (Process Improvement Strategy) 
Effect on Other Risks: Reducing the risk of poor contract execution should extend the life of the structure and reduce maintenance 
costs, thus reducing life-cycle costs. 
Alternate Mitigation Strategy and Costs: 
MnDOT Maintenance will tighten the nuts on all new structures. A one-time cost of $40,000 would be needed to purchase additional 
machinery necessary to secure the structures, plus an increased annual cost of $2,000 for additional staff and equipment. 

Figure 5-9: Overhead Sign Structures and High-Mast Light Tower Structures Risk Management Analysis Summary   
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Likelihood and Consequence of Adverse Impacts 
Likelihood and Consequence of Adverse Impacts 

 Consequence Likelihood Risk Rating 
 

Original Risk Rating Minor Likely Medium 
Preferred Strategy Minor Rare Low 
Alternate Strategy Minor Rare Low 

Risk Statement (#2) Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #2: 
Life-Cycle Cost: If overhead sign structure and high-mast light tower structure inspection data and deterioration models are not 
accurate or complete, then it may be difficult to determine the lowest life-cycle cost for these assets. 
x Current control/mitigation strategies: Bridge Office Structural Metals and Bridge Inspection Engineer notify Electrical Services 

after pole is inspected as to what repairs are required for each pole. 
x Previously identified mitigation strategies: Develop an enterprise asset management system for better tracking of asset status 

and better assignment of responsibility for condition and work accomplishment information. 
Preferred Mitigation Strategy, Resources, and Costs: 
1. Adopt a MnDOT policy/technical memo requiring a five-year inspection frequency for all overhead structures (approx. 40 staff 

hours). (Process Improvement Strategy) 
2. Report annually on inspection frequency results (approx. 40 hours per year). (Process Improvement Strategy) 
3. Create a training program for inspecting and maintaining structures, develop inspection forms, develop clear condition rating 

criteria. This would require a one-time cost of 320 hours, plus about 80 hours per year. (Process Improvement Strategy) 
4. Gain efficiencies by using mobile technology in the field, at a cost of about $10,000 per year. (Process Improvement Strategy) 
Alternate Mitigation Strategy and Costs: 
Use consultants to perform the work, and/or increase inspection intervals. An average of $800 per structure was previously paid for 
external inspection. Internal inspections cost roughly $100 per structure.
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Minor Likely Medium 
Preferred Strategy Minor Rare Low 
Alternate Strategy Minor Likely Medium 

Risk Statement (#3), Mitigation Strategies, Impacts on Other Risks, and Costs 
Risk Statement #3: 
Labor Shortage: If MnDOT is unable to provide a sufficient number of workers to maintain high-mast light tower structures or 
overhead sign structures, then inspections, maintenance, repairs and replacement may fall short of service standards. 
x Current control/mitigation strategies: None. 
x Determine risk to public if MnDOT staff is decreased; cross training of staff (redundancy in knowledge). 
Preferred Mitigation Strategy, Resources, and Costs: 
1. Implement the proposed Transportation Asset Management System to include a work order, resource, and materials cost 

tracking module. This would entail a one-time cost of $250,000 and annual costs of $100,000 for software maintenance and 
usage costs. (Process Improvement Strategy) 

2. Report annually on life-cycle cost and identify and implement refined/additional strategies to reduce costs, at a cost of 80 staff 
hours per year. (Process Improvement Strategy) 

Alternate Mitigation Strategy and Costs: 
1. Maintain status quo with replacement cycle of 40-50 years. 
2. When an overhead sign structure or high-mast light tower structure are due for replacement, remove and replace with 6-8 

standard lights or ground mount overhead. 
3. Conduct research that will better define/determine deterioration rates and collect additional information. 
Likelihood and Consequence of Adverse Impacts 
 Consequence Likelihood Risk Rating 
Original Risk Rating Minor Possible Low 
Preferred Strategy Minor Rare Low 
Alternate Strategy Minor Rare Low 
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Attachments 

  
Column�1 Column�2 Column�3 Column�4 Column�5 Column�6 Column�7 Column�8 Column�9 Column�10

Asset Public MnDOT

Not�Meeting�Public�
Expectations�for�Pavement�

Quality/Condition

Strain�on�Rest�of�System;
Economy;�Lower�Quality�of�
Life;�Traveler�Safety;�Higher�

Maintenance�Costs

Economy�(commodities);�Lower�
Quality�of�Life;�Traveler�Safety;�

Service�Delays�for�Traveling�Public;�

Reputation��Higher�
Maintenance�Cost,�and�

other�asset�maintenance�is�
deferred.

Using�money�to�manage�to�
lowest�lifecycle�cost�including�
routine�maintenance;��money�
distributed�statewide�based�on�

need,�measures�&�targets;�
balanced�across�entire�system;�
MAPͲ21�direction�(allocates�$�on�
NHS);�staging�of�treatments�
(more�timely�&�appropriate�
treatments);�multiple�fixes�at�

location�or�on�corridor

Staging�of�treatments�(more�
timely�&�appropriate�treatments);�
multiple�fixes�at�location�or�on�
corridor�(IF�LCC�TREATMENT�

INTERVALS�MODIFIED)

Moderate Possible Low

Statewide Moderate Possible Low

District�Level
Small�portion�of�DRMP�is�condition�

based
Moderate Likely Medium

Local�Level�Ͳ�Corridor
(predicted�or�premature)�

Manage�expectations Major Likely High

Inappropriately�Managing�
or�Not�Managing�Pavements�
Such�as�Frontage�Roads,�

Ramps,�Auxiliary�Lanes,�etc.

Increased�IDIQ�or�BARC�type�
projects�to�address�localized�

distresses
Minor Possible Low x

Federal�MAPͲ21�and�GASB�
Requirements

Shorter/Wrong�Fixes�(e.g.�
Medium�Mill�&�Overlay�vs.�
Major�Rehab./Construction)

Traveler�Safety
Federal�Funds�withheld,�
bond�rating�impacted.

Same�as�above
Funding�assigned�to�pavement�has�
been�too�low,�leading�to�low�RQI,�

now�it's�difficult�to�catch�up.

Provide�funding�to�actually�exceed�
targets,�so�that�we�could�endure�
occasional�budget�shortfalls.

Major Rare Low

Inability�to�Appropriately�
Manage�Lowest�LCC�for�

Pavements

Project�Deferrals/Delays�or�
Shorter�Term�Fixes;�

Increased�Operations�Costs.�
Construction�costs�go�up�as�
conditions�worsen.��Missing�
Data�and/or�Hidden�Costs�

(scope�creep)

More�Poor�Roads;�Traveler�Safety.��
More�auto�repairs,�more�money�
spent�on�gas,�risk�of�tax�increases.

Additional�Strain�on�MnDOT�
Maint./Operations�Staff;�

Additional�Funding�Needed�
for�Fixes

Same�as�above

Consistency�on�types�of�fixes�
statewide;�managed�systemͲwide�
(balance�between��project,�district�

or�statewide�LCC�Ͳ�all�three�
different);�better�coordination�
across�offices�and�jurisdictions�
(e.g.�pavement,�safety,�bridge,�

hydraulics,�etc.)�Ͳ�think�all�
inclusive�corridor�investments.��

Inventory�and�include�all�
pavement�in�Pavement�
Management�System.

Moderate Possible Medium

Premature�Deterioration�of�
Pavements

Project�Deferrals/Delays�or�
Shorter�Term�Fixes;�

Increased�Operations�Costs
More�Poor�Roads;�Traveler�Safety

Additional�Strain�on�MnDOT�
Maint./Operations�Staff

Same�as�above

District�Risk�Management�Program�
(DRMP)�changes�to�align�with�
shifts�in�pavement�condition;�

Begin�to�document�

Moderate Possible Medium

Funding�Being�A�Lot�Less�
than�Expected

More�Poor�Roads More�Poor�Roads;�Traveler�Safety Reputation Same�as�above
Invest�only�in�roads�with�ADT�

above�a�certain�number�(e.g.�2000�
ADT)

Minor Possible Low

Occurrence�of�an�
unanticipated�event,�

natural�disaster
Assets�unusable Service�Delays,�Traveler�safety

Additional�funding�needed�
for�fixes

Invest�networkͲwide�when�
unforeseen�costs�occur,�stretch�

funding
Major Rare low

Work�Group�Assignment�#1:��Identification�of�Pavement�Risks�(including�undermanaged)

Risks:

Impact�of�not�managing�the�risk�effectively�to:�(you�do�not�have�to�have�
impacts�in�all�three�areas�for�each�risk)

x

What�is�the�risk�rating?

Consequence�of�
Risk�Occurring

Likelihood�of�Risk�
Occurring

Overall�Risk�
Rating

Has�MnDOT�been�managing�this�risk�effectively?

If�No:

List�gaps�in�current�
business�protocols�

preventing�MnDOT�from�
managing�the�risk�

effectively

Ideal�Mitigation�
Strategy(ies)

If�Yes,�List�
control/mitigation�
strategies�used

Most�Undermanaged�
Risk
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  Column�1 Column�2 Column�3 Column�4 Column�5 Column�6 Column�7 Column�8 Column�9 Column�10

Asset Public MnDOT

Major Rare�to�Unlikely Low�to�Medium

Moderate Possible Medium

Minor Likely Medium

Work�Group�Assignment�#1:��Identification�of�Bridge�Risks�(including�undermanaged)

Lack�of�or�deferred�
funding�(e.g.,�

unexpected�budget�
cuts)

Highest�needs�first;�
more�reactive�

maintenance;�low�
cost�preservation�to�
limp�assets�along;�
more�frequent�
inspections

Potential�for�unsafe�driving�
conditions;�increased�service�

interruptions;�decreased�public�
confidence;�bridge�or�route�

restrictions

Do�not�meet�performance�
targets;�defer�nonͲcritical�
repairs;�unmanageable�
growth�of�bridge�needs;�
increased�operations�

resource�needs

BRIM�(Bridge�
Replacement�and�
Improvement�

Management);�SIMS�
(Structure�Information�
Management�System)�

Risk�of:

Impact�of�not�managing�the�risk�effectively�to:�(you�do�not�have�to�
have�impacts�in�all�three�areas�for�each�risk)

Has�MnDOT�been�managing�this�risk�effectively? What�is�the�risk�rating?

Possible Medium

SIMS�Maintenance�Module�(in�progress);�
linking�costs�to�maintenance�tasks�(Swift,�
SIMS�and�BI);�SIMS,�BRIM�and�construction�
cost�data�not�linked;�implementation�and�
use�of�a�multiͲobjective�optimization�tool�

in�BrM�5.2�(in�development)

Link�BRIM,�SIMS,�Swift,�contract�
preservation�costs�and�BrM�5.2�in�

order�to�make�appropriate�
management�decisions

Moderate

List��gaps�in�current�business�
protocols�preventing�MnDOT�

from�managing�the�risk�
effectively

Ideal�Mitigation�Strategy

Most�Undermanaged�Risks

If�Yes,�List�
control/mitigation�
strategies�used

If�No:

Consequence�of�
Risk�Occurring

Likelihood�of�
Risk�Occurring

Overall�Risk�
Rating

x
Does�the�likelihood�of�this�risk�

concur�with�OCPPM?

Likely Medium
We�could�have�a�>$5M�risk�

potential.
x

The�management�programs�
(and�links�between�the�

management�programs)�are�not�
in�place�to�be�able�to�manage�
from�an�"entire�system"�asset�
management�and�life�cycle�cost�

approach.

The�management�programs�
(and�links�between�the�

management�programs)�are�not�
in�place�to�be�able�to�manage�
from�an�"entire�system"�asset�
management�and�life�cycle�cost�

approach.

Discussion�Comments Validation

Inability�to�manage�to�
lowest�lifeͲcycle�cost�
(e.g.,�preventive�
activities�not�

performed�on�a�
timely�basis)

Deteriorates�faster�
(reduced�bridge�
service�life);�more�

reactive�
maintenance;�higher�

life�cycle�cost;�
manage�highest�

needs�first

Increased��duration�and�frequency�
of�service�interruptions;�decreased�
public�confidence;�bridge�or�route�

restrictions

More�bridges�falling�into�
lower�service�conditions�

faster;�do�not�meet�
performance�targets;�
increased�operations�

resource�needs

BRIM;�SIMS;�Performance�
Measures

SIMS�Maintenance�Module�(in�progress);�
linking�costs�to�maintenance�tasks�(Swift,�
SIMS�and�BI);�SIMS,�BRIM�and�construction�

cost�data�not�linked;�Preventive�
Maintenance�Performance�Measure�still�in�

development;�Deterioration�Curves;�
implementation�and�use�of�the��multiͲ

objective�optimization�tool�in�BrM�5.2�(in�
development)

Link�BRIM,�SIMS,�Swift,�contract�
preservation�costs�and�BrM�5.2�in�

order�to�make�appropriate�
management�decisions;�
Preventive�Maintenance�
Performance�Measure;�
Deterioration�Curves

Minor�to�Moderate

Occurrence�of�an�
unanticipated�natural�
event�(e.g.�flood,�

earthquake,�adverse�
weather)

Unexpected�need�Ͳ�
more�resources�
assigned�to�that�
asset;�scheduled�

bridge�investments�
are�deferred

Safety;�increased�service�
interruptions;�detours;�congestion

Changed�maintenance�
program:��top�needs�are�
redefined;�unanticipated�
resources�assigned�to�a�
single�asset�and�other�
priorities�are�deferred

Design�preventive�
measures;�regular�scour�
monitoring�for�scour�
critical�bridges;�debris�

removal;�having�resources�
available�to�react;�ability�
to�track�and�prioritize�

work

Maintenance�resource�and�scheduling�still�
in�development�(SIMS�Maintenance�

Module);�Up�to�date�emergency�response�
plan�or�critical�infrastructure�plan

Preventive�Measures;�Emergency�
Response�Plan;�Resource�and�

Scheduling�to�reallocate�resources

Is�this�a�major�event?��Are�we�
looking�at�this�from�a�statewide�

perspective�or�a�local�perspective?��
This�could�have�three�different�
answers�for�consequence�and�
likelihood��depending�on�the�
severity�of�the�event�and�the�

perspective.��

Significant�damage�to�
the�asset��through�
man�made�events�

(e.g.,�crashes,�damage�
from�construction�
activities�etc.)

Unexpected�need�Ͳ�
more�resources�
assigned�to�that�
asset;�scheduled�

bridge�investments�
are�deferred

Safety;�increased�service�
interruptions;�detours;�congestion

Changed�maintenance�
program:��top�needs�are�
redefined;�unanticipated�
resources�assigned�to�a�
single�asset�and�other�
priorities�are�deferred

Having�resources�
available�to�react;�ability�
to�track�and�prioritize�
work;�inspection,�

permitting�and�restitution�
processes;�preventive�
measures;�designing�
resilient�bridges

Up�to�date�emergency�response�plan�for�at�
risk�bridges;�Maintenance�resource�and�
scheduling�still�in�development�(SIMS�
Maintenance�Module);�Restitution�

tracking;�Linking�Costs�to�Maintenance�
Tasks

Preventive�Measures;�Emergency�
Response�Plan;�Resource�and�

Scheduling�to�reallocate�resources;�
Inspection;�Permitting�process;�

Restitution

Major

Comprehensive�Inspection�Manual�(in�
progress);�Up�to�date�emergency�response�

plan�or�critical�infrastructure�plan

Inspection�and�Maintenance;�
Emergency�Response�Plan

Catastrophic Rare Medium

Unlikely Medium

Are�we�only�looking�at�significant�
damage?���Bridge�hits�and�accidents�
happen�more�often�than�"unlikely"�
represents,�but�they�do�not�all�
result�in�"significant"�damage.��
What�percentage�of�the�bridge�
system�is�actually�affected?��This�
may�be�more�of�a�localized�risk.

Catastrophic�failure�of�
the�asset�(e.g.,�

unexpected�bridge�
collapse)

Unexpected�need�Ͳ�
more�resources�
assigned�to�that�
asset;�scheduled�

bridge�investments�
are�deferred

Safety;�increased�service�
interruptions;�detours;�congestion;�

decreased�public�confidence

Changed�maintenance�
program:��top�needs�are�
redefined;�unanticipated�
resources�assigned�to�a�
single�asset�and�other�
priorities�are�deferred;�

management�strategy�and�
policies�are�investigated�

and�redefined

Inspection�frequency�and�
best�practices;�performing�
required�maintenance;�

having�resources�available�
to�react;�designing�
resilient�bridges

Premature�
deterioration�of�the�
asset�(e.g.,�service�

lives�10�to�20�percent�
shorter�than�
expected)

Unanticipated�
reactive�

maintenance�or�
major�investments�
required�sooner;�

reduced�service�life

Increased��duration�and�frequency�
of�service�interruptions;�bridge�or�

route�restrictions;�safety;�
decreased�public�confidence

Do�not�meet�performance�
targets;�changed�

maintenance�program;�
increased�operations�

resource�needs

Inspection�and�
maintenance�tracking�to�
try�to�anticipate�needs;�
ability�to�track�and�
prioritize�work

Possible Low�to�Medium

What�is�the�magnitude�of�this�
event?�Depending�on�the�

magnitude,�a�shortage�of�workforce�
could�be�considered�a�moderate�
consequence�as�far�as�financial�

impact,�service�interruptions,�and�
significantly��impacted�programs�
(design,�construction,�load�ratings,�
maintenance,�inspection�etc).

x

The�management�programs�
(and�links�between�the�

management�programs)�are�not�
in�place�to�be�able�to�manage�
from�an�"entire�system"�asset�
management�and�life�cycle�cost�
approach.��Need�improved�
deterioration�models�for�our�

bridges.

Shortage�of�workforce�
(e.g.,�early�

retirements�and�
hiring�freezes)

Maintenance�not�
performed�when�
needed;�impacts�to�
design,�scoping,�
estimates,�load�
rating,�data�

management,�etc.

Decreased�public�confidence;�
increased�service�interruptions

Not�enough�resources�to�
perform�the�work�and�lack�
of�knowledgeable�and�
experienced�workers�to�

perform�the�work�
efficiently�and�effectively.

Bridge�training�program;�
Bridge�Maintenance�
Academy�training;�

technology;�Consultant�
Contracts

Performance�and�Efficiency�Measures�for�
performing�all�tasks�(design,�load�rating,�
scoping,�estimates,�inspection�and�actual�
maintenance�on�the�structure)�as�well�as�

the��link�between�the�measures

Training;�Measures;�Consultant�
Contracts

Minor�to�Moderate

SIMS�Maintenance�Module�(in�progress);�
Deterioration�curves;�implementation�and�
use�of�the��multiͲobjective�optimization�

tool�in�BrM�5.2�(in�development)

Inspection�and�Maintenance�
tracking;�Deterioration�curves;�BrM�

5.2
Moderate�to�Major Unlikely Medium

Is�this�from�a�"whole�system"�
perspective�or�from�an�individual�
bridge�perspective?��This�will�affect�
the�consequence�and�likelihood�

values.�
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  Column�1 Column�2 Column�3 Column�4 Column�5 Column�6 Column�7 Column�8 Column�9 Column�10

Asset Public MnDOT

Insufficient�funding�for�adequate�
maintenance�and�repairs.��Not�all�
culverts�needing�repaired�are�

fixed�during�construction�projects.��
MnDOT�Maintenance�staffing�
inadequate�to�address�drainage�

needs.

Culverts�identified�as�in�poor�or�very�poor�condition�
are�fixed�by�MnDOT�maintenance�or�in�construction�
projects.��Culverts�identified�as�very�poor�are�fixed�

before�failures�cause�major�repair�impacts.

Inability�to�Appropriately�
Manage�Culverts

(i.e.�lack�of�data,�no�LCC�or�
deterioration�rates;�age,�
adequate�inspection,�etc.)��

Greater�likelihood�of�culvert�
failure.��Higher�life�cycle�

cost.

Pays�more�for�drainage�
infrastructure�maintenance;�

potential�traffic�impacts,�exposure�
to�culvert�failure�risk.�Lack�of�

Ability/Time�to�Work�with�Partners�
to�Actually�Improve�Hydraulics�

serving�constituents.

MnDOT�pays�more�over�life�
cycle,�more�for�emergency�
repairs,�may�suffer�impacts�
to�trust�and�confidence.��

May�be�investing�
inefficiently�(e.g.�Under�or�
Over�Investing;�Inability�to�
Leverage�Appropriate�

Funding�to�Meet�Targets)�

Partially;�MnDOT�has�invested�
heavily�in�inventory�and�

condition�data�collection,�a�
rigorous�drainage�performance�
measure�remains�to�be�selected.�
A�department�wide�measure�

would�result�in�more�systematic�
management�of��the�system.

Requires�roadway�
reconstruction�or�repair�
with�culvert�replacement

Safety�of�Traveling�Public�(e.g.�car�
damage,�injury�or�death/fatalities);�
Service�Delay;�Emergency�Service�
Disruptions;�Flooding�to�Adjacent�

Properties

Considerable��impact�to�
MnDOT's�reputation�if�
fatalities�would�occur.���

Higher�cost�of�emergency�
repairs�compared�to�

maintenance.

Partially,�have�implemented�
inventory�and�inspection�

program�to�identify�bad�culverts�
and�begun�repairing�some�pipes.�

Should�minimize�surprise�
failures.

Lack�of�Culvert�Capacity

Culvert�and�road�failure�
(e.g.�caused�by�high�head,�
road�overtopping,�scour�or�

piping)

Detours,�delays�or�property�damage�
(e.g.�Flooding�to�Adjacent�

Properties)

Staff�and�funding�needed�to�
address�problems�(e.g.�law�
suits,�flood�damage,�road�
and�culvert�repairs�and�

detours)

No

Insufficient�resources�to�upsize�
culverts�and�concerns�of�passing�
additional�water�downstream.�
(e.g.�permitting�requirements,�
environmental,�ROW�impacts,�

liability)

Parties�causing�upsize�need�participate�financially.�
Evaluations�done�on�case�by�case�basis�but�more�
resources�will�be�needed.��May�require�designing�
more�storage�and�investing�in�flood�easements.�

Watershed�coordination.

Tunnel�Failure/Collapse
Strain�on�Rest�of�Tunnel�

System

Trauma�or�Death�to�Traveling�Public�
and�or�Residents;�Increased�

Congestion�on�Other�Arterials�and�
Local�System;

Service�Delays�for�Traveling�Public;�
Increased�Flooding�on�Roadway�&�
Adjacent�Business/Residential

Highways�Closures;�Loss�of�
Public�Trust/Reputation;��

Large,�ShortͲTerm,�
Immediate�Financial�

Impacts

Flooding�and�Deterioration�
due�to�lack�of�tunnel�

capacity

Increased�Rate�of�
Deterioration;�Deterioration�
of�Sandstone�Layer�Adjacent�

Tunnel�Lining�From�
Pressurized�Water

Inability�to�Appropriately�
Manage�Tunnels�

(i.e.�lack�of�data,�no�LCC�or�
deterioration�rates;�

adequate�inspection,�etc.)��

Increased�Risk�of�Failure Increased�Travel�Delays
Increased�Risk�of�Failure;�
Financial�Impact�to�Repair�

Over�Life�of�Asset

Increased�Flooding�on�Roadway�&�
Adjacent�Business/Residential;�Loss�

of�Commerce;�Tunnel�
Failure/Collapse

Increased�Flooding�on�
Roadway;�Deterioration�of�
Tunnels�&�Other�Assets;

Loss�of�Public�Trust;�Loss�of�
Commerce;�Increased�Cost�
to�Replace�at�a�Later�Time

No

Funding�for�Repairs�and�
Maintenance.�Not�a�high�priority�
for�agency;�Inspection/maint.�of�

tunnels�done�by�Cities�(need�more�
of�a�joint�process,�merge�of�

priorities)

MnDOT�and�Communities�prioritize�construction�
funding.�Detour�routes�established�in�advance;�map�
extent�of�possible�flooding;�increase�funding�for�

rehab.,�data�collection�&�inspection�(determine�LCC�
&�deterioration);�work�with�Cities�to�redefine�

management�of�tunnels�to�more�of�a�coordinated�
effort

Inspections

Shared�maintenance�agreements�
with�City�of�Minneapolis;�Shared�
water�with�City�of�Minneapolis;��
Minneapolis�tunnels�in�worse�

condition;�Frequency�of�
inspections�

MnDOT�pays�and�charges�Minneapolis�interest�
and/or�reduces�funding�on�other�projects�that�City�
wants;�Put�information�in�bridge�inventory,�not�just�

HydInfra;�pressure�transducer;�installation�and�
monitoring

No

Shared�water�with�City�of�
Minneapolis;�Based�on�

maintenance�agreement,�City�of�
Minneapolis�would�have�cost�

share�and�have�said�they�do�not�
have�the�money

Provide�new�system�&�back�charge�City;�City�to�
separate�its'�water�(as�much�as�possible);�Downsize�
new/modified�system�as�much�as�possible�to�save�

costs

Catastrophic Likely Extreme

Insignificant Likely Low

Minor almost�certain Medium

Moderate Possible Medium

Minor Possible Low

Major Likely High

Moderate Likely Medium

Significant�Damage�to�
Culvert�Through�ManͲMade�

Event(s)

Culverts�are�damaged�(e.g.�
utility�installation,�vehicle�
hits�apron,�damage�from�

fire)

Bears�costs�($'s,�Inconvenience�etc). Costs�to�repair�culverts. Unknown

Selection�of�a�repair�measure�and�
target,�and�corresponding�funding.��
Missing�data�in�HydInfra�(i.e.�date�
built,�construction�asͲbuilt,�repair�

records).��Robust�LCC�
methodology.

Funding�to�be�able�to�implement�a�systematic�
maintenance�approach�based�on�targeted�work�,�
complete�LCC�understanding,�data�provided�and�
shared�by�design,�construction,�maintenance.��

Inappropriately�Distributing�
Funds�or�Inconsistency�on�

Investing�in�Culverts

Higher�likelihood�of�
localized�failures

�Potential�inconsistent�levels�of�
service�geographically;�Potentially�
differing�risks�in�Safety�of�Traveling�
Public�(e.g.�car�damage,�injury�or�
death);�Service�Delay;�Emergency�
Service�Disruptions;�Flooding�to�

Adjacent�Properties

Districts�need�to�make�hard�
decisions�about�where�to�

spent�limited�funds,�
backlogs�of�needed�

maintenance�or�repair�could�
develop.��

Unknown
Lack�of�funds�and�ability�to�manage�
culverts�in�a�cost�effective�manner

More�funds,�better�information�to�manage�culverts�
with�less�money.

Work�Group�Assignment�#1:��Identification�of�Hydraulic�Structures�Risks�(including�undermanaged)

Most�Undermanaged�Risk

2nd�Highest�Tunnel�Risk

Highest�Tunnel�Risk

Highest�Culvert�Risk

3rd�Highest�Culvert�Risk

2nd�Highest�Culvert�Risk

Risks:

Impact�of�not�managing�the�risk�effectively�to:�(you�do�not�have�to�have�
impacts�in�all�three�areas�for�each�risk)

Culvert�Failure/Collapse

Has�MnDOT�been�managing�this�risk�effectively?

If�No:

List�gaps�in�current�
business�protocols�

preventing�MnDOT�from�
managing�the�risk�

effectively

Ideal�Mitigation�Strategy(ies)

If�Yes,�List�
control/mitigation�
strategies�used

Difficult�to�predict�or�prevent. Respond�when�event�happens.

What�is�the�risk�rating?

Consequence�of�
Risk�Occurring

Likelihood�of�
Risk�Occurring

Overall�Risk�
Rating

HighPossibleCatastrophic
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Column�1 Column�2 Column�3 Column�4 Column�5 Column�6 Column�7 Column�8 Column�9 Column�10

Asset Public MnDOT

Project�Engineer�relies�on�
contractor�to�perform�installation�

correctly.��There�is�no�
understanding�of�the�cost�to�repair�
because�of�poor�asset�installation

better�quality�controls�(e.g.�
MnDOT�checks)�of�construction�

work�outside�of�edgeͲofͲ
pavementͲtoͲedgeͲofͲpavement;�

better�checklist�to�include�
roadside�infrastructure;�workshops�

at�end�of�construction�project

List�gaps�in�current�
business�protocols�

preventing�MnDOT�from�
managing�the�risk�

effectively

Ideal�Mitigation�Strategy

Management�deciding�inspection�
is�a�priority.��Determining�which�
offices/functional�areas�will�

perform�and�be�accountable�for�
the�inspections�

tech�memo.�(similar�to�tower�
lighting);�mandatory�5Ͳyear�

inspection�cycle�(this�is�probably�a�
measure�and/or�target)

Work�Group�Assignment�#1:��Identification�of�Overhead�Sign�Structures�&�HighͲMast�Light�Tower�Structures�Risks�(including�undermanaged)

Lack�of�having�a�mandated�
process�for�inspection

Lower�Asset�Quality�(Not�a�
priority�for�agency�so�work�
(i.e.�inspection/fixes)�

doesn't�get�completed�in�a�
timely�manner

increased�risk�of�safety�
and/or�damage�to�public�
property�(vehicles),�

increase�in�cost�to�public�if�
external�resources�are�used�

Staffing;�lack�of�public�trust�
to�know�the�condition�of�

the�asset

Bridge�Office�Structural�Metals�
and�Bridge�Inspection�Engineer�

performs�inspections�per�
technical�memorandum�on�all�

TL.

Most�Undermanaged�RiskRisk�of:

Impact�of�not�managing�the�risk�effectively�to:�(you�do�not�have�to�
have�impacts�in�all�three�areas�for�each�risk)

Has�MnDOT�been�managing�this�risk�effectively? What�is�the�risk�rating?

If�Yes,�List�
control/mitigation�
strategies�used

If�No:

Consequence�of�
Risk�Occurring

Likelihood�of�
Risk�Occurring

Overall�Risk�
Rating

Poor�contract�execution�
(e.g.,�inappropriate�

construction�installation)

Poor�quality�product;�
deteriorate�at�a�higher�rate;�

increased�reactive�
maintenance.

Safety;�decreased�public�
confidence;�increased�
service�interruptions.

Staffing;�Reputation;�More�
Costs�and/or�Less�Funding;�
Ability�to�Scope�with�Project

No.

Inability�to�manage�to�
lowest�lifeͲcycle�cost�(e.g.,�
preventive�activities�not�
performed�on�a�timely�

basis)

Deteriorates�faster�
(reduced�service�life);�more�

reactive�maintenance;�
higher�life�cycle�cost.

Increased�duration�and�
frequency�of�service�

interruptions;�decreased�
public�confidence.

Lower�service�conditions;�
does�not�meet�AASHTO�light�
levels;�increased�operations�

resource�needs

Bridge�Office�Structural�Metals�
and�Bridge�Inspection�Engineer�
notifies�Electrical�Services�after�
pole�is�inspected�as�to�what�
repairs�are�required�for�each�

pole.

Significant�damage�to�the�
asset��through�man�made�
events�(e.g.,�crashes,�

damage�from�construction�
activities�etc.)

Faster�deterioration�due�to�
damage�to�elements;�

decrease�in�life�of�structure

increased�risk�of�safety�
and/or�damage�to�public�

property�(vehicles)

Increase�in�tort�claims,�
increase�in�public�

complaints

MnDOT�monitors�roadway�
cameras�and�responds�to�asset�
damage�due�to�crashes�in�timely�

manner;�MnDOT�pursues�
restitution�with�insurance�
companies�to�recoup�costs

Minor Likely Medium

Not�sure�what�factor�of�safety�is�
being�used�for�structural�design?

Funding�is�rotated�to�where�needs�
are�to�try�and�maintain�balance;�
lack�of�data�on�what�is�optimal�

lowest�LCC

Having�an�enterprise�asset�
management�system�in�place�will�
help�track�status�of�asset�(e.g.�

inspection�of�asset�is�completed�
by�maintenance�which�is�part�of�
Engineering�Services�and�fixes�are�
performed�by�electrical�services�

which�is�part�of�Operations�
Division.��There�is�not�a�direct�and�
clear�connection�to�notify�maint.�

when�fixes�are�performed.

Minor Likely Medium
lack�of�data�on�what�deterioration�

rates�for�OSS/TL�are
Premature�deterioration�of�

the�asset

Unexpected�needͲ�more�
resources�assigned�to�that�
asset;�other�preservation�
projects�are�deferred.

Safety;�Potential�for�unsafe�
driving�conditions.

Changed�maintenance�
program:��top�needs�are�
redefined;�unanticipated�
resources�assigned�to�a�
single�asset�and�other�
priorities�are�deferred.

Inspections�of�TL�keep�the�
premature�for�failure�of�the�

asset�to�a�minimum.

3rd�Highest�OSS/TL�Risk

Highest�OSS/TL�Risk

2nd�Highest�OSS/TL�Risk

Determine�risk�to�public�if�MnDOT�
staff�is�decreased.

communicating�hard�costs�when�
regulatory�requirements�are�
implemented;�being�able�to�
determine�if�an�additional�

structure�is�a�"need"�or�just�a�
"want"

Adding�maintenance�and�
inspection�costs�to�capital�costs�
(life�cycle�costs)�when�making�
planning/design�decisions�

Unforeseen�changes�in�
regulatory�requirements,�

travel�demands,�or�
technology�(e.g.,�significant�
industrial�growth�in�one�
region�of�the�state,�
availability�of�new�

technology�for�conducting�
inspections�more�

efficiently)

Increase�in�the�number�of�
structures,�larger�structures�

being�built�because�of�
additional�weight�(larger�or�
more�elements);�more�

complex�structures�due�to�
complex�traffic�control�

devices

Increase�in�cost�to�maintain�
and�build�structures

Inquired�costs�because�of�
new�requirements/specs,�
increase�in�personnel�time�
to�inspect�more�structures,�

increase�in�technical�
knowledge�to�perform�

inspections

Shortage�of�workforce�(e.g.,�
early�retirements/hiring�

freezes�or�need�for�
additional�staff�to�complete�

work�tasks�in�a�timely�
manner)

decrease�in�life�of�structure�
due�to�lack�of�inspections�

and�maintenance

increased�risk�of�safety�
and/or�damage�to�public�

property�(vehicles)

Inspection�intervals�
increased�or�not�

accomplished;�maintenance�
response�time�slower�or�not�

able�to�accomplish

Possible Low

Minor Likely Medium

Moderate Rare Low

Minor

Minor Likely Medium

Minor Possible Low
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Asset Public MnDOT

Not meeting public expectations for 
pavement quality/condition, specifically at 
the local/corridor level

Strain on rest of system;
economic impacts; traveler safety; higher 
maintenance costs

Economic (commodities) impacts; lower quality of 
life; traveler safety; service delays for traveling 
public

Reputation;  higher maintenance costs; other asset 
maintenance is deferred.

Using money to manage to lowest lifecycle cost 
including routine maintenance;  money 
distributed statewide based on need; measures 
& targets; balanced across entire system; MAP-
21 direction (allocates $ on NHS); staging of 
treatments (more timely & appropriate 
treatments); multiple fixes at location or on 
corridor

More timely and appropriate staging of treatments; multiple fixes at location or on 
corridor (only if LCC treatment intervals modified);  more systemmatic and 
standardized statewide approach to fixes 

Local Level - Corridor
(predicted or premature)

NOT STATE OR DISTRICT 
Better manage expectations

Inappropriately managing or not managing 
pavements such as frontage roads, ramps, 
and auxilary lanes 

Increased IDIQ or BARC type projects to address localized distresses; better tracking 
of deterioration and condition

Inability to manage to lowest life-cycle cost 
for bridges (corollary risk: lack of or deferred 
funding)

Deteriorates faster (reduced bridge service life); 
more reactive maintenance; higher life cycle cost; 
manage highest needs first

Increased  duration and frequency of service 
interruptions; decreased public confidence; bridge 
or route restrictions

More bridges falling into lower service conditions 
faster; do not meet performance targets; increased 
operations resource needs

BRIM; SIMS; performance measures

SIMS Maintenance Module (in progress); linking costs to 
maintenance tasks (Swift, SIMS and BI); SIMS, BRIM and 
construction cost data not linked; Preventive Maintenance 
Performance Measure still in development; deterioration 
curves; implementation and use of the  multi-objective 
optimization tool in BrM 5.2 (in development)

Link BRIM, SIMS, Swift, contract preservation costs and BrM 5.2 in order to make 
appropriate management decisions; preventive maintenance performance measure; 
better knowledge of deterioration curves

Premature deterioration of a bridge Unanticipated reactive maintenance or major 
investments required sooner; reduced service life

Increased  duration and frequency of service 
interruptions; bridge or route restrictions; safety; 
decreased public confidence

Do not meet performance targets; changed 
maintenance program; increased operations 
resource needs

Inspection and maintenance tracking to try to 
anticipate needs; ability to track and prioritize 
work

SIMS Maintenance Module (in progress); deterioration 
curves; implementation and use of the  multi-objective 
optimization tool in BrM 5.2 (in development)

Better inspection and maintenance tracking; better knowledge of deterioration curves; 
BrM 5.2

Culvert failure/collapse Requires roadway reconstruction or repair with 
culvert replacement

Safety of traveling public (e.g. car damage, injury or 
death/fatalities); service delay; emergency service 
disruptions; flooding to adjacent properties

Considerable  impact to MnDOT's reputation if 
fatalities occur; higher cost of emergency repairs 
compared to maintenance.

Partially, have implemented inventory and 
inspection program to identify bad culverts and 
begun repairing some pipes.  Should minimize 
surprise failures.

Insufficient funding for adequate maintenance and repairs.  
Not all culverts needing repaired are fixed during 
construction projects.

Culverts identified as in poor or very poor condition are fixed by MnDOT maintenance 
or during construction projects.  Culverts identified as very poor are fixed before 
failures cause major repair impacts.  Need a better coordinated process for fixes.

Inability to appropriately manage culverts Greater likelihood of culvert failure; higher life cycle 
cost

Pays more for drainage infrastructure maintenance; 
potential traffic impacts, exposure to culvert failure 
risk; lack of ability/time to work with partners to 
improve hydraulics for constituents

Pay more over life cycle; higher costs for 
emergency repairs: impacts to trust and confidence; 
investing inefficiently (e.g. under or over investing; 
inability to leverage appropriate funding to meet 
targets) 

Partially; MnDOT has invested heavily in 
inventory and condition data collection, a 
rigorous drainage performance measure remains 
to be selected.  A department-wide measure 
would result in more systematic management of  
the system.

Selection of a repair measure and target, and corresponding 
funding.  Missing data in HydInfra (i.e. date built, construction 
as-built, repair records).  Robust LCC methodology.

Additional funding to be able to implement a systematic maintenance approach based 
on targeted work, complete LCC understanding, data provided and shared by design, 
construction, maintenance.  

Lack of culvert capacity Culvert and road failure (e.g. caused by high head, 
road overtopping, scour or piping)

Detours, delays or property damage (e.g. flooding 
to adjacent properties)

Staff and funding needed to address problems (e.g. 
law suits, flood damage, road and culvert repairs 
and detours)

No
Insufficient resources to upsize culverts and concerns of 
passing additional water downstream. (e.g. permitting 
requirements, environmental, ROW impacts, liability)

Parties causing upsize need to participate financially; evaluations could be done on 
case by case basis which would require more resources; may require designing 
more storage and investing in flood easements; watershed coordination.

Flooding and deterioration due to lack of 
tunnel capacity

Increased rate of deterioration; deterioration of 
sandstone layer adjacent tunnel lining from 
pressurized water

Increased flooding on roadway & adjacent 
business/residential; loss of commerce; tunnel 
failure/collapse; service delays

Increased flooding on roadway; deterioration of 
tunnels & other assets;
loss of public trust/reputation; loss of commerce; 
increased cost to replace at a later time

No
Shared water with City of Minneapolis; based on 
maintenance agreement, City of Minneapolis would have 
cost share and have said they do not have the money

Provide new system & back charge City; City to separate its' water (as much as 
possible); downsize new/modified system as much as possible to save costs

Tunnel failure/collapse because of not 
managing and mismanagement

Strain on rest of tunnel system

Trauma or death to traveling public and or residents; 
increased congestion on other arterials and local 
system;
Service delays for traveling public; increased 
flooding on roadway & adjacent business/residential

Highways closures; loss of public trust/reputation;  
Large, short-term, immediate financial impacts No

No funding for repairs and maintenance. Not a high priority 
for agency; inspection/maint. of tunnels done by Cities (need 
more of a joint process, merge of priorities)

MnDOT and communities prioritize construction funding. detour routes established in 
advance; map extent of possible flooding; increase funding for rehab., data collection 
& inspection (determine LCC & deterioration); work with Cities to redefine management 
of tunnels to more of a coordinated effort

Poor contract execution for installation of 
overhead sign structures and tower lighting

Poor quality product; deteriorate at a higher rate; 
increased reactive maintenance

Safety; decreased public confidence; increased 
service interruptions

Staffing; reputation; more costs and/or less funding; 
ability to scope with project No.

Project Engineer relies on contractor to perform installation 
correctly - lack of oversight on project-by-project case; lack 
of understanding of costs to repair because of poor asset 
installation

Better quality controls (e.g. MnDOT checks) of construction work outside of edge-of-
pavement-to-edge-of-pavement; better checklist to include roadside infrastructure; 
routine/mandatory workshops at end of construction project

Inability to manage to lowest life-cycle cost 
for overhead sign structures and tower 
lighting

Deteriorates faster (reduced service life); more 
reactive maintenance; higher life cycle cost

Increased duration and frequency of service 
interruptions; decreased public confidence

Lower service conditions; does not meet AASHTO 
light levels; increased operations resource needs

Bridge Office Structural Metals and Bridge 
Inspection Engineer notifies Electrical Services 
after pole is inspected as to what repairs are 
required for each pole.

Funding is rotated to where needs are to try and maintain 
balance; lack of data on what is optimal lowest LCC

Enterprise asset management system for better tracking asset status (e.g. inspection 
of asset is completed by maintenance which is part of Engineering Services and fixes 
are performed by Electrical Services which is part of Operations Division.  There is not 
a direct and clear connection to notify maint. when fixes are performed.

Shortage of workforce for overhead sign 
structures and tower lighting

Decrease in life of structure due to lack of 
inspections and maintenance

Increased risk of safety and/or damage to public 
property (vehicles)

Inspection intervals increased or not accomplished; 
maintenance response time slower or not able to 
accomplish

Determine risk to public if MnDOT staff is decreased; cross training of staff 
(redundancy in knowledge)

Work Group Assignment #1 Results:  Identified Most Undermanaged Risks

If Yes, List control/mitigation 
strategies used

If No:

List gaps in current business 
protocols preventing MnDOT from 

managing the risk effectively
Ideal Mitigation Strategy(ies)

Risks:

Impact of not managing the risk effectively to: (you do not have to have impacts in all three areas for 
each risk)

Has MnDOT been managing this risk effectively?

Bridge

Pavement

Highway Culverts

Overhead Sign Structure & Tower Lighting

Deep Stormwater Tunnels
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Work Group Assignment #2 Detailed Instructions 

During your work on identifying and prioritizing undermanaged risks, your group identified mitigation strategies that would enable MnDOT to better 
manage these risks. The objective of this exercise is to explore those risk mitigation strategies in more detail to help us estimate the overall return on 
the investment. You will do that by reviewing your risk statements and identifying costs associated with one or two mitigation strategies for each of 
your asset group’s most undermanaged risks (as previously identified – see Excel spreadsheet). The results of this activity will be used in a 
workshop on November 15, 2013. 

Step 1:  Define your preferred mitigation strategy for addressing the risk. Be specific as to what needs to be done to better manage risk. For 
example, instead of saying “better manage customer expectations,” it would be more specific to suggest activities such as “develop a press package 
to help customers set more realistic pavement performance expectations based on the fiscally-constrained environment.”  Your mitigation strategy 
should clearly convey to an outsider what will be done to reduce or eliminate the risk. 

Step 2: Identify the data, resources, tools, and/or training required to enact your strategy. Without getting too hung up in the details of what 
will be required, prepare an estimate of the types and quantities of resources that might be needed to implement your strategy, including work force 
impacts, equipment purchases, software tools, and so on. For example, will you need a 2-person survey crew for 2 months of the year?  Do you 
need an analysis tool to be able to predict asset performance?  For the example given in Step 1, the response might look like this: 

[Example Response:  Requires a Public Information Office employee to develop a campaign using data provided from the pavement management 
system. Once the campaign materials are developed, the materials must be distributed via appropriate channels and future customer expectations 
must be monitored every other year.] 

Step 3: Describe whether your strategy will reduce the likelihood of another risk identified by your group. For example, a more formal 
process for managing culverts should reduce the likelihood that unexpected failures will occur. 

Step 4: Estimate the approximate cost of implementing the preferred mitigation strategy. Again, do not worry too much about getting your cost 
estimate exact. If you can adequately estimate the relative magnitude of the strategy cost, that should be close enough. In other words, we would 
like to know if this is a $20,000 strategy or a $200,000 strategy. Use readily available information to prepare your estimate and document how you 
arrived at the total cost. For calculating work force salary costs, please use an hourly unit cost of $25/hour. If it is too difficult to estimate the costs 
associated with your strategy, at least indicate whether your preferred strategy is a low-cost strategy (i.e. less than $250,000 annually to implement), 
moderate-cost strategy (i.e. between $250,000 and $800,000 annually), or a high-cost strategy (i.e. more than $800,000 annually) 

Step 5: Identify whether an alternate strategy might be available that doesn’t fully mitigate the risk, but lowers the overall likelihood or 
consequence associated with the risk. Think about alternate approaches that might not be as effective at reducing the risk, but might cost the 
agency less than the preferred strategy. For example, the preferred strategy for managing culverts might be to repair all culverts in poor or very poor 
condition. An alternate strategy might include monitoring all culverts in poor or very poor condition on a quarterly basis to track changes in conditions 
and to prioritize repairs. This approach won’t eliminate unexpected culvert failures, but will provide a way of prioritizing the culverts that are at 
greatest risk. 

Step 6: Estimate the cost associated with the alternate strategy. As in step 4, we are not looking for a detailed estimate, but want you to think 
about the resources, equipment, or tools that might be needed to implement the alternate strategy.  

Step 7: For both of the strategies you’ve identified, identify the impact on the likelihood and consequence of the original risk should either 
of the strategies be adopted. This information will allow us to estimate the return on investment associated with each of the two strategies. You can 
use the chart below to record the changes in likelihood and consequence. 
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Risk 1: Original Risk Rating 
Risk Ratings for 

Preferred Strategy 
(From Step 1) 

Risk Ratings for 
Alternate Strategy 

(From Step 6) 
Likelihood of Event  
(Select from: Rare, 
Unlikely, Possible, 
Likely, or Almost 
Certain) 

   

Consequence of 
Event  
(Select from: 
Insignificant, Minor, 
Moderate, Major, or 
Catastrophic) 

   

 

 

Risk 2: Original Risk Rating 
Risk Ratings for 

Preferred Strategy 
(From Step 1) 

Risk Ratings for 
Alternate Strategy 

(From Step 6) 
Likelihood of Event  
 
 

   

Consequence of 
Event  
 
 

   

 

 

Risk 3: Original Risk Rating 
Risk Ratings for 

Preferred Strategy 
(From Step 1) 

Risk Ratings for 
Alternate Strategy 

(From Step 6) 
Likelihood of Event  
 
 

   

Consequence of 
Event  
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Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 

Original 
Risk 

Rating

Preferred 
Strategy 
Rating

Alternate 
Strategy 
Rating

If public expectations for pavement quality 
or condition are not met,
especially at the local/corridor level, then 
the agency's reputation may
suffer, service delays and unsafe conditions 
may increase and the cost of
maintenance may grow.

Using money to manage to lowest lifecycle 
cost including routine maintenance;  
money distributed statewide based on 
need; measures & targets; balanced 
across entire system; MAP-21 direction 
(allocates $ on NHS); staging of 
treatments (more timely & appropriate 
treatments); multiple fixes at location or on 
corridor

More timely and appropriate staging of 
treatments; multiple fixes at location or on 
corridor (only if LCC treatment intervals 
modified);  more systemmatic and 
standardized statewide approach to fixes 

1. Annually track, monitor and 
identify roadway segments that have 
been in poor condition greater than 
5 years, and consistently consider 
when programming at the District 
level 

Query out miles by poor with no treatments 
within last 5-years or some extended period of 
time.

Strategy will not reduce likelihood of the 
2nd risk but may reduce the previous risk 
(likelihood) of meeting GASB 34 
(previously identified risk - not under-
managed)

1. 8 hours of staff time to run report and 
coordinate with districts during annual 
programming activities.

3. Turnbacks (jurisditional realignment)
4. Outreach plan or communication tool

3. $200k per mile to bring roads up 
to standard for realignment
4. $25k

C: Major
L: Likely

C: Major
L: Possible

C: Moderate
L: Likely

If MnDOT does not include ramps, access 
roads, auxiliary lanes and
frontage roads in its pavement inventory 
and use their condition in its
pavement model, then these assets will not 
be included in pavement
management decisions and cannot be 
managed to achieve the lowest
lifecycle cost for all highway pavements.

No
Increased IDIQ or BARC type projects to 
address localized distresses; better tracking 
of deterioration and condition

1. Collect additional 
information/data in the Metro District 
with the use of old Material Office 
pavement van.  
2. Build a stand alone database that 
will house information/data and 
allow for better tracking.

Use old Material Office pavement van, MS 
Excel or Access software for database

Strategy will not reduce likelihood of the 
1st risk.

1. $100/mile
2. $2000-4000.  Rough cost to put database 
together and communicate to districts.  Cost 
might be more toward $10-20k if a consultant 
was hired.

3a. Collect data in Greater MN districts by 
hand, using maintenance staff.
3b. Visually collect images through video 
capture  or windshield survey.

3a/3b. $100/mile to collect data 
and additional cost/time to enter 
information into database.  This 
time and cost would be 
determined by the data (# of 
facilities, collection detail, etc.)

C: Minor
L: Possible

C: Minor
L: Unlikely

C: Minor
L: Unlikely

Pavement

Estimate 
Approximate Cost 

of Alternate 
Strategy

Estimate Likelihood & 
Consequence of Strategy 

Work Group Assignment #2: Identification of Pavement Undermanaged Risk Mitigation Strategies and Costs

Undermanaged Opportunity
Current 

Control/Mitigation 
Strategy(ies)

Previously Identified 
Mitigation Strategy(ies)

Step 7

Preferred Mitigation 
Strategy(ies)

Data, Tools Resources 
and/or Training Required to 

Make Strategy Reality

Describe if Strategy Will 
Reduce Likelihood of 

Another Risk

Estimate Approximate Cost 
of Preferred Mitigation 

Strategy(ies)

Alternate Mitigation 
Strategy
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Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 

Original 
Risk 

Rating

Preferred 
Strategy 
Rating

Alternate 
Strategy 
Rating

1a.  SIMS Maintenance Module is currently in development with Bentley.  We 
have in depth maintenance data back to 2009 which needs to be migrated into 
the SIMS Maintenance Module.                                                                                        
1b. Training Required (50 T rainees + 2 instructors for 8 4-hour training 
sessions located around the state + curriculum development and data 
migration = 400 hours total)  

2.  Develop the Preventive Maintenance (PM) Program/Performance 
Measure (in progress) to verify that PM is performed at the right time.    

2. Need to develop the measure.  Also need collaboration from the Districts 
(Annual Meetings between Bridge Office Staff and District Staff)   

2.  Develop the Preventive Maintenance (PM) 
Program/Performance Measure (in progress) to 
verify that PM is performed at the right time.    

3a.  BI Bridge Maintenance tool is currently in the data discovery phase.  We do 
not have a project assigned yet and therefore do not have any associated costs.  
All costs included in this strategy are estimates and may actually be higher or 
lower given many factors. 
3b. Training (Power Users:  3 T rainees + 1 instructor for 2 full day sessions = 64 
hours total; Regular Users:  29 Trainees + 1 instructor for 1 full day session =  
240 hours total) 
4a.  Multi-state collaboration for development.   $50,000 per year for 5 years for 
BrM 5.2 development (29 states participate)

AND 4b. Need resources and equipment to test and implement the BrM 5.2 system.  
Need to develop deterioration curves from Minnesota data.   

5.  Link Construction Costs with Maintenance costs in BI   
5. Need to develop a plan on how to link Construction Costs to the BI reporting 
tool.

5.  Not included in alternate mitigation strategy.

6a.  BRIM Development

6b.  Need to develop a plan on how to integrate BRIM risk analysis into BrM 5.2.

7. Compare cost, age and performance trends of the bridge system to 
determine effectiveness of management strategy and adjust accordingly 

7. Development 7.  Not included in alternate mitigation strategy.

8a. Deck Deterioration and NBE Research is currently in progress.

8b.  Other Research may be needed.

Bridge

1. Finish development of SIMS Maintenance Module                                     

This strategy will mitigate both of the risks 
identified in this exercise (manage to 
lowest lifecycle cost and premature 

deterioration) as well as help to mitigate 
the lack of or deferred funding.

1. Finish development of SIMS Maintenance Module 
(already in progress).       

3.  Cost accounting tracking through existing 
systems (WOM, Financial Reports).  These systems 
are not tied with maintenance data in SIMS.

4.  Migrate inspection (and maintenance?) data  to 
BrM 5.2 (BrM 5.2 is still in development) and 
create/utilize the deterioration curves.  As part of this 
step, the CORE AASHTO elements need to be 
translated to the new AASHTO National Bridge 
Elements (NBE).   

6.  Use BRIM as currently developed.

8.  Current Research

$2 Million (This represents a one 
time implementation cost. Following 

implementation, this will be a low 
cost strategy to maintain annually)

$1.4 Million (This represents a one 
time implementation cost. 

Following implementation, this will 
be a low cost strategy to maintain 

annually)

C: Moderate      
L: Likely

If bridge inspection data, bridge model 
sophistication and bridge
deterioration models are not accurate or 
complete, then it may be difficult
to determine the lowest lifecycle cost 
strategy for bridges.

If one or more bridges deteriorate 
prematurely, then maintenance costs
may be higher than expected and there may 
be unanticipated risks to
structural integrity.

Work Group Assignment #2: Identification of Bridge Undermanaged Risk Mitigation Strategies and Costs

Undermanaged Opportunity
Current 

Control/Mitigation 
Strategy(ies)

Previously 
Identified 
Mitigation 

Strategy(ies)

Step 7

Preferred Mitigation Strategy Data, Tools Resources and/or Training 
Required to Make Strategy Reality

Describe if Strategy Will 
Reduce Likelihood of 

Another Risk

Estimate 
Approximate Cost 

of Alternate 
Strategy

Estimate Likelihood & 
Consequence of Strategy 

Alternate Mitigation Strategy

Estimate 
Approximate Cost of 
Preferred Mitigation 

Strategy

BRIM; SIMS; performance 
measures

Inspection and maintenance 
tracking to try to anticipate 
needs; ability to track and 

prioritize work

Link BRIM, SIMS, Swift, contract 
preservation costs and BrM 5.2 

in order to make appropriate 
management decisions; 
preventive maintenance 

performance measure; better 
knowledge of deterioration 

curves

Better inspection and 
maintenance tracking; better 
knowledge of deterioration 

curves; BrM 5.2

8.  Research to further identify lowest lifecycle cost (i.e. deterioration 
models, effectiveness of maintenance activities, products etc.)

C: Moderate
L: Likely

C: Minor          
L:  Likely

3.  Develop BI reporting tool to link SIMS and Swift (in discovery phase 
now).    

4.  Migrate inspection (and maintenance?) data  to BrM 5.2 (BrM 5.2 is 
still in development) and create/utilize the deterioration curves.  As part of 
this step, the CORE AASHTO elements need to be translated to the new 
AASHTO National Bridge Elements (NBE).   

6.  Link BRIM and BrM 5.2
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Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 

Original 
Risk 

Rating

Preferred 
Strategy 
Rating

Alternate 
Strategy 
Rating

Inability to manage highway culverts 
increases risk of failure and the life cycle 
cost (LCC).

Partially, MnDOT inventories and inspects 
highway culverts and the information is 
used to plan maintenance work and 
project scoping activities.  Culvert failues 
are repaired when they occur.

Additional funding to be able to implement 
a systematic management approach based 
on targeted work, complete LCC 
understanding, data provided, shared and 
used by design, construction, maintenance. 

1. Adopt System Condition Performance Measure (including defining 
target, etc.)
2. Implement Asset Management System and Data that will support 
LCC
3. Repair or replace Highway Culverts in accordance with Asset 
Management System Recommendations through Captial Projects and 
Maintenance work.

1. Staff time to develop and implement 
performance measures
2a. Funds to purchase and implement 
T ransportation Asset Management System
2b. Staff & consultant resources to develop LCC 
business rules
2c. Staff & consultant resources to collect data 
for asset management system
3.  Funding for capital and maintenance work 
needs to repair and replace culverts

Strategy will reduce the likelihood of road 
failure, interruption of service, lack of 
adequate capacity, and land owner 
drainage complaints.  Strategy will also 
reduce the risk of not being able to support 
HydInfra system.

1. 200 hours staff time
2a. >$1M for software, consultant, and 
equipment purchase.  1000 hours staff time.
2b. $50,000 Research or consultant project.  
500 hours staff time for internal rule 
development and training.
2c. 16,000 hours per year for highway culverts 
(assume around 12,000 hours currently, 
estimate extra 3000 hours/per year for unknown 
condition culverts, plus 1000 hours per year to 
meet inspection targets)
3. $40M per year (approximate $30M current 
investment, and additional $10M per year to 
repair or replace poor and very poor highway 
culverts).

Stand-alone construction projects to repair or 
replace poor and very poor highway culverts.

1. NA
2a. $1.25 M to implement 
Transportation Asset Management 
system (does not include LCC 
functionality) and 800 staff hours.
2b. NA
2c. 16,000 hours/year (no change)
3. $30M current investment + 
funding for additional stand-alone 
construction projects

C: Moderate
L: Almost Certain 
HIGH

C: Moderate
L: Possible
MEDIUM

C: Moderate
L: Likely
MEDIUM

If stormwater tunnel capacity is not 
adequate for a major rain event and 
resulting pressurization is too great, then
the tunnel will be damaged or collapse, local 
flooding may occur, property
may be damaged, and people may be killed 
or injured.

No

Provide new system & back charge 
City; City to separate its' water (as much 
as possible); downsize new/modified 
system as much as possible to save 
costs

1. Complete research on underground storage options, including the 
exploration of shallow cavern storage options for south (I-35W) tunnel.
2. Develop & implement emergency response plan for business, 
residential, and freeway area along floodprone I-35W south tunnel. Consultants and funding needed

If #1 is installed, then risk will be mitigated;
#2 only deals with event when it occurs.

1.  $30,000
2. $15,000

1. Build I-35W south underground storage 
cavern. 1. $50 M C: Catastrophic

L: Likely

C. Catastrophic  
L.  Possible   
Improved 
Credability and 
may lead to 
lower cost 
solution than a 
parallel tunnel

C.  Catastrophic  
L.  Rare

If the suggested maintenance repairs are 
not made in a timely manner, then
the tunnels may collapse in a major rain 
event, and significant property damage, loss 
of life, or extensive service disruption may 
occur and significant reconstruction costs 
may be necessary.

Tunnels, with exception of one, have 
been throughly inspected once to 
gauge baseline condition.  Repairs 
have been prioritized.  

MnDOT and communities prioritize 
construction funding. detour routes 
established in advance; map extent of 
possible flooding; increase funding for 
rehab., data collection & inspection 
(determine LCC & deterioration); work 
with Cities to redefine management of 
tunnels to more of a coordinated effort

1.  Inspect one remaining tunnel. 
2. Put pressure tranducers in tunnels to measure pressurization.
3. Put together and implement a mandated inspection frequency (1-5 
yrs.) based on tunnel/segment condition rating.
4. Include tunnels in bridge inventory.
5. Prepare plans and implement all repairs needed on south I-35W 
tunnel system at MnDOT cost and city to fully fund all other known 
repairs on all other tunnels.

Staff, priorities, funding for consultants, TH bond 
funding for repairs

This work will improve our credability in 
the event of a failure.  It will strategically fix 
the worst tunnels repair needs.  It may 
reduce the event of a failure by having 
increased information on tunnel condition - 
as long as funding is available for repairs 
when conditions warrant it.

1. $50,000 
2. Estimate is being obtained.
3. $250,000 per inspection (basic walk through). 
4. Process for approval would come from Metro 
Maintenance and CO Bridge Office Directors.  
Metro WRE MS4 staff would work with Metro 
Bridge Maintenance and CO Bridge to transfer 
info to forms.  May need consultant assistance.  
5.  TH Bond funds $12 M.

1. Staff from MnDOT (likely Metro Bridge 
Maintenance) trained on inspections to 
complete them on select tunnel segments 
after major rain events.
2. MnDOT hires a consultant to complete 
inspections on each tunnel, as identified 
by mandated inspection guidelines.   3.  
Begin repairs incrementally and withhold 
funding to cities on other projects if 
proposed repair schedules are not met.

1.  Training cost and inspection 
time required.  2.   Political 
acceptance?  Roughly  $3.5 M 
per segment.

C: Catastrophic
L: Possible

C: Catastrophic  
L: Possible  
Improved 
Credability

C.  Catastrophic  
L.  Rare

Deep Stormwater Tunnels

Highway Culverts

Work Group Assignment #2: Identification of Hydraulic Undermanaged Risk Mitigation Strategies and Costs

Undermanaged Opportunity
Current 

Control/Mitigation 
Strategy(ies)

Previously Identified 
Mitigation Strategy(ies)

Step 7

Preferred Mitigation Strategy(ies)
Data, Tools Resources 

and/or Training Required to 
Make Strategy Reality

Describe if Strategy Will 
Reduce Likelihood of 

Another Risk

Estimate Approximate Cost 
of Preferred Mitigation 

Strategy(ies)

Alternate Mitigation 
Strategy

Estimate 
Approximate Cost 

of Alternate 
Strategy

Estimate Likelihood & 
Consequence of Strategy 
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Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 

Original 
Risk 

Rating

Preferred 
Strategy 
Rating

Alternate 
Strategy 
Rating

If tower lights and overhead sign structures 
are not properly installed as
part of a construction project, then they 
may deteriorate more rapidly, and will 
require more subsequent maintenance.

No

Better quality controls (e.g. MnDOT 
checks) of construction work outside of 
edge-of-pavement-to-edge-of-pavement; 
better checklist to include roadside 
infrastructure; routine/mandatory 
workshops at end of construction project

1. Change construction 
specifications to require torque 
threshold dye washers  2. 
Communicate punchlist and 
specifications with companies that 
install structures and with 
construction inspectors.

1. Additional staff time to write the specification 
and update detail plan sheets; change in 
element used during construction.  
2.  Additional staff time.

Reducing the risk of poor contract 
execution should extend the life of the 
structure and reduce maintenance costs 
(Risk 2), thus reducing life-cycle costs.

1. One-time fee of $1000 (40 hours of staff time). 
Increased annual cost of $20,000/year (if 
additional $1000/structure @ 20 structures/year 
to add dye washers).  
2. Increased annual cost of $5000/year (4 hours 
inspection per structure and 20 structures/year 
is 80 hours of inspection;  and 120 hours of 
additional communication)

MnDOT Maintenance will tighten the nuts on 
all new structures.

One-time fee of $40,000 to 
purchase an additional wrench.  
Increased annual cost of $2000 
additional staff and equipment 
($100/structure at 20 structures).

C: Minor
L: Likely

C: Minor
L: Rare

C: Minor  
L: Rare

If light tower and sign structure inspection 
data and deterioration models
are not accurate or complete, then it may be 
difficult to determine the lowest life-cycle 
cost for these assets.

Bridge Office Structural Metals and Bridge 
Inspection Engineer notifies Electrical 
Services after pole is inspected as to what 
repairs are required for each pole.

Enterprise asset management system for 
better tracking asset status (e.g. inspection 
of asset is completed by maintenance 
which is part of Engineering Services and 
fixes are performed by Electrical Services 
which is part of Operations Division.  There 
is not a direct and clear connection to notify 
maint. when fixes are performed.

1. Implement TAMS that includes a 
work order, resource, and materials 
cost tracking module.
2. Report annually on  life-cycle cost 
and identify and implement 
refined/additional strategies to 
reduce costs. 

1. Additional staff and/or consultant time to 
implement new software system.  
2. Additional staff time to report annual 
performance.

Managing OSS/TL structures to lowest 
LCC cannot occur if Risk 1  is not 
mitigated.

1. One-time fee of $250,000 to add structures 
data into TAMS software (staff time).  Increased 
annual maintenance and user costs of 
$100,000/year for software.  
2. Increased annual cost of $2000/year (80 staff 
hours).  

1. Maintain status quo with replacement cycle 
for OSS/TL, which is 40-50 years.
2. When OSS/TL due for replacement, 
remove and replace with 6-8 standard lights 
or ground mount overhead.
3. Conduct research that will better 
define/determine deterioration rates and 
collect other addtional info. 

Overhead structure life cycles 
could be doubled; thereby 
reducing costs.  Amount unknown.

C: Minor
L: Likely

C: Minor
L: Rare

C: Minor  
L: Likely

If MnDOT is unable to provide a sufficient 
number of workers to maintain high-mast 
light tower structures or overhead sign 
structures, then inspections, maintenance, 
repairs and replacement may fall short of 
service standards.

Determine risk to public if MnDOT staff is 
decreased; cross training of staff 
(redundancy in knowledge)

1. Adopt a MnDOT policy/technical 
memo requiring a 5-year inspection 
frequency for all overhead 
structures.
2. Report annually on inspection 
frequency results.  3.  Create a 
training program for inspecting and 
maintaining structures, develop 
inspection forms, develop clear 
condition rating criteria.
4. Gain efficiencies by using mobile 
technology in the field

1-3. Additional staff time.  
4. Additional equipment expense.

Adopting a policy/technical memo of 
inspecting and reporting will help mitigate 
Risk 1.

1. One-time cost of $1000 (40 hours staff time) 
to write policy.
2. Increased annual cost of $1000 (40 
hours/year staff time) to report on performance.  
3. One-time cost of $8000 (320 staff hours).  
Increased annual cost of $2000/year (80 
hours/year staff time) to train. 
4. Increased annual cost of $10,000/year to use 
mobile handheld devices.

1. Use consultants to perform work.
2. Increase inspection intervals
(Strategies can be either/or/both)

An average of $800/structure was 
previously paid for external 
inspection.  Internal inspections 
cost roughly $100/structure.

C: Minor
L: Possible

C: Minor
L: Rare

C:Minor 
L: Rare

Overhead Sign Structure & High-Mast Light Tower Structures

Previously Identified 
Mitigation Strategy(ies)

Current 
Control/Mitigation 

Strategy(ies)
Undermanaged Opportunity

Step 7

Estimate 
Approximate Cost 

of Alternate 
Strategy

Alternate Mitigation 
Strategy

Estimate Likelihood & 
Consequence of Strategy Estimate Approximate Cost 

of Preferred Mitigation 
Strategy(ies)

Describe if Strategy Will 
Reduce Likelihood of 

Another Risk

Data, Tools Resources 
and/or Training Required to 

Make Strategy Reality

Work Group Assignment #2: Identification of Other Traffic Structures Undermanaged Risk Mitigation Strategies and Costs

Preferred Mitigation 
Strategy(ies)
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LIFE-CYCLE COST CONSIDERATIONS: SUPPLEMENTAL INFORMATION 
Overview 

This chapter provides a detailed description of the various processes involved in analyzing the life-cycle costs associated with the asset classes 

discussed in the TAMP. Two aspects of life-cycling costing are documented: 1) the data used to conduct the analysis and the process for gathering 

the information, and 2) the metrics and assumptions used in the analysis. In addition to the documentation of the tools used to model life-cycle 

strategies, examples (attachments) are provided at the end of the chapter. 

Process 

The inputs for conducting a Life-Cycle Cost Analysis (LCCA) are presented first, followed by the key metrics/terms associated with an LCCA. The 

LCCA procedures used in developing the TAMP are then documented. 

LCCA FUNDAMENTALS AND ANALYSIS COMPONENTS 

The basic LCCA process requires the analyst to first define the schedule for initial and future activities associated with a specific strategy for 

managing an asset. Next, the costs associated with each of these activities are defined. The typical activity schedule and associated costs are used 

to develop a life-cycle cost stream (an example is shown in figure 6-1). Life-cycle cost stream diagrams are typically used in project-level LCCA, 

however, the same fundamental principles also apply to a network-level LCCA. Instead of programming treatment cycles and costs associated with a 

specific project, expert opinion provided by the asset Work Groups was used to estimate the same metrics at the network level (which were then 

scaled down to a unit level – e.g. costs per bridge or per lane-mile of pavement – to allow for comparison of life-cycle costs between various asset 

categories included in the TAMP). 

 

  

 

 

 

 

 

 

 

Project-level LCCA typically includes both agency costs (direct costs to the agency as a result of the construction operations) and user costs (costs 

not directly borne by the agency but that affect the agency’s customers, such as traffic delays during construction or maintenance activities, and can 

impact customer perceptions of agency performance). However, since a network-level LCCA was conducted as a part of the TAMP, user costs were 

not considered due to the significant variability and uncertainty that exists from project to project. 

 

Figure 6-1: Projected Life-Cycle Cost Stream Diagram1 
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Key inputs required for conducting a network-level LCCA include: 

x Asset Condition Deterioration Rates: The rate at which the condition of the asset deteriorates over time with and without the application of 

routine, reactive, and preventive maintenance treatments. 

x Treatment Types, Costs, and Cycles: The various types of treatments applied to an asset over its life-cycle, including the type of the 

treatment (whether it is a routine maintenance, reactive maintenance, preventive maintenance, or major 

rehabilitation/replacement/reconstruction activity); the condition level (e.g. Good, Fair, or Poor) when the treatment is applied; and the resulting 

condition level after the application of the treatment; typical treatment costs; and treatment cycles. 

 
This information was gathered through an assignment (discussed later) that was distributed to each of the asset Work Groups.  

KEY METRICS/TERMS ASSOCIATED WITH LCCA 

The key terms/metrics associated with the LCCA conducted in the TAMP are: 

x Analysis Period: The timeframe over which the LCCA is performed. Theoretically, 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 they reach the end 

of their physical lives. However, 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. Forecasts of future deterioration and future needs become very unreliable if these predictions are extended too far 

into the future. In best practice, the analysis period of a life-cycle cost analysis should be as short as possible while still satisfying the following 

criteria: 

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

o 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. 

x Discount Rate: Future costs converted into present day dollars using an economic technique known as “discounting”.  MnDOT’s policy is to 

analyze all investments using a real annual discount rate, which is currently 2.2 percent. The term “real” means that the effects of inflation are 

removed from the computation in order to make the cost tradeoffs easier to understand. 

x Life-Cycle Cost (in today’s dollars): The total cost of asset ownership over the analysis period when the costs incurred in future years are 

converted to current dollars. 

x Future Maintenance Costs as a Percent of Initial Investment: The total future agency costs (including maintenance, rehabilitation, and 

inspection, but not operations costs) as a fraction of the initial construction cost of the asset. This value represents the future cost commitment 

that MnDOT makes for every dollar spent on a capital project. 

x Equivalent Uniform Annual Cost: The analysis method that shows the annual costs of a life-cycle management strategy if they occurred 

uniformly throughout the analysis period. 
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LIFE-CYCLE COST ANALYSIS PROCEDURE USED IN THE TAMP 

The step-by-step approach used in analyzing life-cycle costs for the TAMP is illustrated in Figure 6-2. 

 

 

 

 

 

 

 

 

 

 

 

 

WORK GROUP ASSIGNMENT #1: COMPILE DATA ON KEY INPUTS FOR LCCA (JULY 2013) 

As discussed above, an assignment was distributed to each asset Work Group to compile the key inputs required to conduct a network-level LCCA. 

The inputs included asset condition deterioration rates, treatment types, treatment costs, and treatment cycles. The assignment was completed by 

each Work Group and a copy of the results is provided at the end of this chapter. The Work Group assignment was followed by a workshop 

(discussed in the next section) to discuss the modeling strategies and gain input, feedback, and buy-in from the TAMP Steering Committee. 

LCCA WORKSHOP #1: FINALIZE LCCA METHODOLOGY FOR TAMP (JULY 2013) 

This workshop built upon the data gathered during the Work Group assignment (discussed above) to finalize the deterioration rates, unit costs, and 

treatment strategies for each asset. Topics covered during this workshop included: 

x The level of detail required to complete the assignment. 

x The development of asset deterioration rates. 

x Actual versus desired maintenance strategies.  

x Definitions of various condition categories and performance metrics (where none existed). 

x Process changes to better incorporate whole life costing into investment decisions, which involved: 

o Identifying appropriate planned maintenance regimes to ensure assets met design lives in a cost-effective manner. 

o Capturing information in computerized systems to assist in the analysis of current and future planning activities. 

 

Figure 6-2: TAMP Life-Cycle Analysis Process   
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The major decision made during this workshop was that representative examples would be used to characterize the life-cycle strategies for each 

asset included in the TAMP. However, the representative examples would be based on detailed life-cycle cost calculations computed using actual 

MnDOT data. It was decided that the life-cycle portion of the TAMP would serve to: 

x Describe life-cycle costs and explain why they are important. 

x Explain typical MnDOT infrastructure life-cycle costs using examples of deterioration rates and preservation cycles. 

x Describe strategies for managing assets over their whole lives, from inception to disposal, illustrating the use of a sequence of activities, 

including maintenance and preservation treatments. Illustrate how these actions are helpful in delaying or slowing deterioration and maximizing 

the service life of an asset. 

x Document the tools that MnDOT has available to help forecast life-cycle costs for some assets. 

x Document typical life-cycle cost of the assets included in the TAMP. 

x Explain the commitment and steps MnDOT is taking to improve its effectiveness in minimizing life-cycle costs. 

x Document the typical life-cycle cost of adding a new lane-mile of roadway and document a process for considering future maintenance costs 

when evaluating potential roadway expansion projects. 

Following this workshop, several facilitated teleconferences were held with the Work Groups to review, refine, and revise the LCCA inputs and 

modeling strategies used in the TAMP and to develop preliminary asset life-cycle costs. 

 

LCCA WORKSHOP #2: PRESENT PRELIMINARY LCCA RESULTS AND GAIN FEEDBACK FROM STEERING COMMITTEE         
(SEPTEMBER 2013) 

The preliminary life-cycle costs developed for each asset were presented at this meeting to gain critical feedback from the TAMP Steering 

Committee and identify additional required information or analysis. The Steering Committee provided valuable suggestions for how the life-cycle 

costing strategies could be presented in the TAMP.  The input and feedback from this meeting was used to finalize the LCCA results for the TAMP. 

Supporting Data and Documentation 

This section presents the LCCA assumptions and tools used to conduct the network-level LCCA. 

LCCA INPUTS AND ASSUMPTIONS 
As discussed in the TAMP, three LCCA modeling strategies were used to represent “Typical”, “Worst-First”, and “Desired” treatment strategies. The 

“Typical” strategy reflects MnDOT’s current practices for managing the assets and the “Worst-First” strategy assumes that no treatments are applied 

until the complete replacement of the asset when it deteriorates to a Poor condition. The “Desired” strategy (established only for pavements due to a 

lack of sufficient data for bridges, hydraulic infrastructure, overhead sign structures, and high-mast light tower structures) corresponds to the strategy 

that MnDOT aspires to adopt in order to further reduce total life-cycle costs. 

PAVEMENTS 

The key inputs and assumptions specific to pavements are summarized below: 

x Analysis Period: 70 years; Discount Rate: 2.2 percent 

x All costs presented in dollars per lane-mile 

x Only direct agency costs considered in the LCCA model; inspection costs and other operational costs like debris removal, snow and ice 

removal, etc. not included. 
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x Flexible pavements and rigid pavement LCCA modeled separately and overall life-cycle costs combined into a single composite value based on 

weighted averages of percent of rigid and flexible pavements in MnDOT’s roadway network (11 percent rigid pavements, 89 percent flexible 

pavements) 

x Routine and reactive maintenance costs included in the LCCA model based on the following:  

o MnDOT spent approximately $1.4 Million in 2012 (in the Minneapolis-St. Paul Metro Region). This value was used to extrapolate costs for 

the pavement network considered in the LCCA. 

o Investments made by pavement condition category could not be determined; therefore, weighting factors were applied to maintenance 

costs (for each of the three pavement condition categories: Good, Fair, Poor) based on expert input from the Work Groups. The final 

weighting factors (Good: 0.8; Fair: 1.2; Poor: 1.8) resulted in the following maintenance costs per condition category: Good: $2,340 per 

lane-mile; Fair: $3,480 per lane-mile; Poor: $5,229 per lane-mile. 

 

The assumptions specific to the “Worst-First” strategy for pavements are summarized below: 

x Flexible Pavements: the end-of-life activity is expected to occur between 15 and 25 years, with a “most likely” age of 25 years when no 

preventive maintenance is performed. The end-of-life activity is expected to cost anywhere between $210,000 per lane-mile for a full-depth 

reclamation (FDR) activity to $2 million per lane-mile for complete reconstruction, with the typical cost being $210,000 per lane-mile.   

x Rigid Pavements: the end-of-life activity is expected to occur between 25 and 35 years, with a “most likely” age of 30 years when no preventive 

maintenance is performed. The end-of-life activity is expected to cost anywhere between $450,000 per lane-mile for an unbonded overlay to $2 

million per lane-mile for complete reconstruction, with the typical cost being $450,000 per lane-mile. 

Figure 6-3 summarizes the “Typical” strategy used to manage flexible pavements and Figure 6-4 summarizes the “Desired” strategy for managing 

flexible pavements. Figure 6-5 summarizes the life-cycle management strategy for rigid pavements (the “Typical” and “Desired” strategies are the 

sam for rigid pavements).   

 

 

 

 

  

 

 

 

 

 

 

 
Notes: 
* Based on Values from MnDOT Pavement Design Manual Chapter 7 and input provided by MnDOT TAMP Pavement Work Group 
** Range assumed based on general input from MnDOT TAMP Pavement Work Group 
***Cost data provided by MnDOT TAMP Pavement Work Group, some assumptions to develop cost ranges based on data provided 
#Value based on assumption that typically, 75% of the projects involve FDR and 25% involve complete reconstruction  

Figure 6-3: “Typical” Life-Cycle Management Strategy for Flexible Pavements (Mill and Overlay Strategy)   
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Notes: 
* Based on Values from MnDOT Pavement Design Manual Chapter 7 and input provided by MnDOT TAMP Pavement Work Group 
** Range assumed based on general input from MnDOT TAMP Pavement Work Group 
***Cost data provided by MnDOT TAMP Pavement Work Group, some assumptions to develop cost ranges based on data provided 
#Value based on assumption that typically, 75% of the projects involve FDR and 25% involve complete reconstruction  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Notes:  
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 
** Range assumed based on general input from MnDOT TAMP Pavement Work Group 
***Cost data provided by MnDOT TAMP Pavement Work Group, some assumptions to develop cost ranges based on data provided 

 

 

 

Figure 6-4: “Desired” Life-Cycle Management Strategy for Flexible Pavements (FDR strategy)   

Typical 
Pavement  
Age* (yrs)

Pavement  
Age 

Range** 
(yrs)

Treatment Typical Condition 
When Applied Typical Cost ($/ln-mi)*** Cost Range ($/ln-mi)***

0 0 Initial Construction - $657,500# $210,000 - $2,000,000
8 6-10 Crack Treatment Good $6,000 $3,000 - $10,000
12 10-14 Surface Treatment Good $15,000 $10,000 - $30,000
20 18-22 Mill & Overlay (1st Overlay) Fair $155,000 $145,000 - $175,000
23 21-25 Crack Treatment Good $6,000 $3,000 - $10,000
27 25-29 Surface Treatment Fair $15,000 $10,000 - $30,000
35 33-35 Mill & Overlay (2nd Overlay) Fair $155,000 $145,000 - $175,000
38 36-40 Crack Treatment Good $6,000 $3,000 - $10,000
43 41-45 Surface Treatment Fair $15,000 $10,000 - $30,000
50 47-53 FDR/Reconstruction - $657,500# $210,000 - $2,000,000
58 56-60 Crack Treatment Good $6,000 $3,000 - $10,000
62 60-64 Surface Treatment Good $15,000 $10,000 - $30,000

70 68-72 Mill & Overlay (1st Overlay 
after FDR/Reconstruction) Fair $155,000 $145,000 - $175,000

Figure 6-5: Life-Cycle Management Strategy for Rigid Pavements 

Typical 
Pavement  
Age* (yrs)

Pavement  
Age 

Range** 
(yrs)

Treatment
Typical

Condition When 
Applied

Typical Cost ($/ln-
mi)*** Cost Range ($/ln-mi)***

0 0 Initial Construction - $450,000 $450,000 - $2,000,000

10 6 - 20 Reseal joints and partial
depth repairs Good $10,000 $5000 - $15,000

16 13 - 31
Minor CPR

(some full depth 
repairs)

Fair $80,000 $55,000 - $80,000

26 8 - 26 Major CPR
(and grinding) Fair $230,000 $135,000 - $230,000

50 46-54
Unbonded 

Overlay/Reconstruction Poor $450,000 $450,000 - $2,000,000

60 56 - 70 Reseal joints and partial
depth repairs Good $10,000 $5000 - $15,000

66 63-81
Minor CPR

(some full depth 
repairs)

Fair $80,000 $55,000 - $80,000
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An illustration of the deterioration models representing pavement performance over the 70-year analysis period for the three strategies considered is 

provided in Figure 6-6. 

 

 

 

 

 

 

 

 

 

 

 

 

BRIDGE STRUCTURES (BRIDGES AND LARGE CULVERTS) 

The key inputs and assumptions specific to bridge structures are summarized below: 

x Analysis Period: 200 years; Discount Rate: 2.2 percent 

x Markov models used to model condition deterioration based on expert input from the Bridge Work Group 

x All costs presented in dollars per bridge and dollars per square foot (deck area) 

x Routine maintenance activities applied to all bridges in appropriate condition, on a scheduled basis to slow the rate of deterioration   

x Corrective action is used to repair defects and prevent further deterioration. Activities that fall under this category are considered to be infeasible 

when the structure is in Poor condition. 

x Rehabilitation and replacement activities are performed when the service life of all or part of the structure cannot be extended. This activity is 

generally performed when the structure is in Poor condition.   

The costs and treatment strategies used in the LCCA model for bridge structures are summarized in Figure 6-7. 

Figure 6-6: Deterioration Models for Various LCCA Scenarios (Pavements) 
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An illustration of the deterioration models describing the performance of bridge structures over the 200-year analysis period is provided in Figure 6-8. 

 

 

 

Figure 6-7: Costs and Treatment Strategies Used in the LCCA Model for Bridge Structures 

Treatment $/Bridge % Bridges Acted Upon Annually
Good Satisfactory Fair Poor

Routine Maintenance: Bridge Decks
Joint sealing $1,529 13% 13% 13%
Deck sealing $37,406 14% 14% 14%
Crack Sealing $1,500 20% 20% 20%

Routine Maintenance: Bridge Superstructures
Inspection $1,111 60% 60% 60% 60%
Flushing $500 75% 75% 75% 75%
Lube Bearings $26,600 0.1% 0.2%

Routine Maintenance: Bridge Culverts
Inspection $1,111 60% 60% 60% 60%

Corrective Action: Bridge Decks
Joint repair (patch) $38,215 1% 2%
Deck repair $16,833 2% 35% 15%
Overlay $130,921 5% 2%
Rail repair/replace $127,705 1% 5%

Corrective Action: Bridge Substructures
Patching $56,070 10% 15%
Slope paving repair $26,166 1% 1%
Erosion/Scour 
Repair $25,000 5% 5%

Corrective Action: Bridge Superstructures
Spot Painting $19,500 2% 5%
Full Painting $377,480 3% 5%
Patching $30,000 1% 3% 5%
Repair/Replace
bearings $46,549 5%
Repair Steel $50,000 2% 5%

Corrective Action: Bridge Culverts
Patching $12,104 5% 10%

Rehab and Replacement: Bridge Decks
Redeck $1,122,184 5%

Rehab and Replacement: Bridge Substructures
Replace Elements $100,000 1%

Rehab and Replacement: Bridge Superstructures
Replace Elements $100,000 1%
Replace Structure $2,702,941 20%

Rehab and Replacement: Bridge Culverts
Replacement $250,000 25%

Figure 6-8: Deterioration Models for Various LCCA Scenarios (Bridge Structures) 
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CENTERLINE CULVERTS AND STORMWATER TUNNELS 

The key inputs and assumptions specific to centerline culverts and stormwater tunnels are summarized below: 

x Analysis Period: 200 years; Discount Rate: 2.2 percent 

x Markov models used to model condition deterioration based on expert input from the Hydraulics Work Group 

x All costs presented in dollars per structure 

x Routine maintenance activities applied to all structures in appropriate condition, on a scheduled basis to slow the rate of deterioration 

x Corrective action is used to repair defects and prevent further deterioration. Activities that fall under this category are infeasible when the 

structure is in Poor condition. 

x Rehabilitation and replacement activities are performed when the service life of all or part of the structure cannot be extended. This activity is 

generally performed when the structure is in Poor condition.   

The costs used in the LCCA model for centerline culverts and stormwater tunnels are summarized in Figure 6-9. 

 

 

 

 

 

 

 

 

 

 

 

 
Illustrations of the deterioration models describing the performance of centerline culverts and stormwater tunnels over the 200-year analysis period 

are provided in Figures 6-10 and 6-11, respectively. 

 

 

 

 

 

Figure 6-9: Life-Cycle Management Strategy for Centerline Culverts and Stormwater Tunnels 

Treatment $/Bridge % Bridges Acted Upon Annually
Good Satisfactory Fair Poor

Routine Maintenance: Centerline Culverts
Inspection $62 25% 25% 25% 25%
Cleaning $100 10% 10% 10% 10%

Routine Maintenance: Stormwater Tunnels
Inspection $200,000 25% 25% 25% 25%

Corrective Action: Centerline Culverts
Reset ends $2,695 1% 2% 1%
Joint repair $1,429 1% 1% 1%
Pave invert $804 2% 1%

Corrective Action: Stormwater Tunnels
Fill Voids and 
Cracks $3.5 M

Rehab and Replacement: Centerline Culverts
Slipliner $8,664 1%
CIPP $6,418 2%
Replace - Trench $32,235 1% 5%
Replace - Jack $35,888 1% 2%

Rehab and Replacement: Stormwater Tunnels
Replacement $5,099,500 1%
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OVERHEAD SIGN STRUCTURES (OSS) AND HIGH-MAST LIGHT TOWER STRUCTURES (HMLTS) 

The key inputs and assumptions specific to overhead sign structures and high-mast light tower structures are summarized below: 

x Analysis Period: 100 years; Discount Rate: 2.2 percent 

x All costs presented in dollars per structure 

Figure 6-10: Deterioration Models for Various LCCA Scenarios (Centerline Culverts) 

Figure 6-11: Deterioration Models for Various LCCA Scenarios (Stormwater Tunnels) 

Figure 6-11: Deterioration Models for Various LCCA Scenarios (Stormwater Tunnels) 
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x Inspection costs are included in the LCCA model because they are considered an important maintenance activity. Other costs, such as traffic 

control and mobilization, were not explicitly considered. 

o Average inspection costs for OSS: $950/structure (applied on a 4 year cycle) 

o Average inspection costs for HMLTS: $1000/structure (applied on a 5 year cycle) 

 
The “Worst-First” strategy for OSS and HMLTS involved the replacement of the structure on a 40-year cycle with routine inspections and minimal 

maintenance activities. The typical life-cycle management strategies used in the LCCA model for OSS and HMLTS are summarized in Figures 6-12 

and 6-13, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LCCA TOOLS USED 

The Federal Highway Administration’s RealCost tool1 was used to conduct the network-level life-cycle cost analyses for pavements, OSS, and 

HMLTS. The bridge structures and hydraulic infrastructure models were developed specifically for this study. Examples of several of these models 

are included at the end of the chapter. 

  

                                                                 
1 FHWA RealCost Tool.  (Web Link) 
 

Figure 6-12: “Typical” Life-Cycle Management Strategy for OSS 

Typical 
Age (yrs)

Age 
Range 
(yrs)

Treatment Treatment Cycle 
(yrs) Typical Condition When Applied Typical Cost 

($/structure)
Cost Range 
($/structure)

0 0 Initial Cost of Structure 100 Poor $85,000 $60,000 - $110,000

4 3 - 5 Tighten Nuts 8 Poor $200 $200 - $400

8 6 - 8 Remove Grout 8 Poor $1,000 $800 - $1,200

20 15 - 25

Re-grade footing, 
replace weld, remove 
catwalks/lighting, new 

mounting posts

20 Poor $3,000 $1700 - $6000

40 35 - 45
Replace foundation or 
replace truss or other 

elements
40 Poor $25,000 $8,000 - $30,000

100 N/A End of Analysis Period N/A N/A N/A N/A

Figure 6-13: “Typical” Life-Cycle Management Strategy for HMLTS 

Typical 
Age (yrs)

Age 
Range 
(yrs)

Treatment
Treatment Cycle 

(yrs)
Typical Condition When Applied

Typical Cost 
($/structure)

Cost Range 
($/structure)

0 0
Initial Cost of 

Structure
100 - $40,000 $30,000 - $60,000

5 3 - 7
Routine 

Maintenance
5 Fair $500 $200 - $1000

100 N/A
End of Analysis 

Period
N/A N/A N/A N/A
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Attachments 

 
 
 

LIFE-CYCLE COST CONSIDERATION WORKSHOP 
WORK GROUP ASSIGNMENT #1 (RESULTS) 
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LIFE-CYCLE COST CONSIDERATION WORKSHEET - PAVEMENTS 

Pavement Subset (ex: NHS): All State Trunk Highways (NHS and Non-NHS, IS, US, MN) 

Deterioration Rates 
On average, what is the shortest length of time (in years) before these pavements are at a condition when they should be 
reconstructed (assuming no other capital improvements are conducted)? 15 years 

On average, what is the longest length of time (in years) before these pavements are at a condition when they should be 
reconstructed (assuming no other capital improvements are conducted)?  40 years 

On average, what would you estimate to be the most typical length of time for the asset to reach a condition when it should 
be reconstructed (assuming no other capital improvements are conducted)?  25 years 

Does the point at which pavements needed to be reconstructed equate to your Poor condition category?  (Yes or No)  If No, 
please comment Yes 

Inspection Costs 
What is the estimated average annual cost to collect and process pavement condition data so it can be used for reporting 
performance?   

Average annual collection/processing costs: $37 per roadway mile 

Treatment Costs 
Five categories of repair are listed in tables P-1 and P-2, for flexible and rigid pavements respectively.  Composite 
pavements should be considered to be rigid pavements that have received a treatment.  For each of the repair categories, 
identify representative treatments that fit within that category, the typical condition range when these treatments are applied 
(e.g., Good, Fair, or Poor), and the condition after the treatment has been constructed.  Also provide the typical price range 
for the treatments in that category and a cost that your Work Group considers to be the most representative cost within the 
price range.  Be sure to indicate the units used for your costs.   
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Table P-1.  Typical treatments and costs for flexible pavements.  

Treatment 
Category 

Representative 
Treatments 

Typical 
Condition Level 
When Applied 

(e.g., G/F/P) 

Most Likely 
Condition 

After 
Treatment 

Typical Cost 
Range 

($/lane-mile) 

Most 
Representative 

Cost 
($/lane-mile) 

Preventive 
Maintenance 

Chip Seal 

Crack Seal 

Micro-surface 

Good Good $3K-$30K $15K 

(Chip Seal)    

 

Minor 
Rehabilitation 

Thin Mill/OL 

Rut Fill 

Fair Good $55K-$75K $75K 

(Thin M/O) 

Major 
Rehabilitation 

Medium Mill/OL 

Thick Mill/OL 

CIR 

Fair/Poor Good $145-$175K $155K 

(Med M/O) 

Reconstruction Reconstruction 

Reclaim 

Poor Good $210K-$2M $210K 

(Reclaim) 

 

 

Table P-2.  Typical treatments and costs for rigid pavements. 

Treatment 
Category 

Representative 
Treatments 

Typical 
Condition Level 
When Applied 
(e.g., G/F/P) 

Most Likely 
Condition 

After 
Treatment 

Typical 
Cost Range 

($/lane-
mile) 

Most 
Representative 

Cost 
($/lane-mile) 

Preventive 
Maintenance 

Joint Seal 

Diamond Grind 

Good/Fair Good $20K-$30K $30K 

(Grind) 

Minor 
Rehabilitation 

Minor CPR 

Minor CPR/Grind 

Fair Good $55K-$80K $80K 

(Minor CPR/Grind) 

Major 
Rehabilitation 

Major CPR/Grind 

Thick OL 

Fair/Poor Good $125K-$230K $230K 

(Major CPR/Grind) 

Reconstruction  Reconstruction 

Unbonded OL 

Poor Good $450K-$2M $450K 

(Unbonded) 

 
Treatment Cycles 
Tables P-3 and P-4 are provided for you to enter the treatment cycles for both flexible and rigid pavements within this 
category of pavements.  For each type of pavement, enter the following information: 

x Column A: The type of activity that is applied.  You can enter a category of treatments or a specific treatment. 
x Columns B and C: The range of years in which the treatment is first applied.  In column B identify the range of years 

in which the first application of this treatment is typically applied in your agency.  In column C enter the range of 
years in which you think the treatment should be applied if funding were not an issue. 
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x Columns D and E: The year in which the treatment is most commonly applied.  Instead of entering a range, identify 
the single age at which the treatment is typically applied for the first time in column D (this may be the mean or 
median in a set of values).  In column E enter the age at which you think the treatment should be applied for the first 
time.   

x Columns F and G: The typical application cycle for that treatment.  In column F enter the typical frequency with 
which the treatment is applied by your agency.  In column G enter the preferred treatment cycle.  Once you have 
entered a treatment cycle, you do NOT need to enter the treatment in the table again.  For instance, in the example, 
crack sealing is typically applied first applied in year 8 and then in year 13, since it is applied on a 5-year cycle.   

 
Table P-3.  Flexible pavement treatment cycle. 

Column A 

 Activity 

Range of Years During 
Which the Treatment is 

First Applied 

Year in Which the 
Treatment is Most 
Commonly Applied 

Application Cycle (in 
years) 

Column B 
Typical 

Column C  
Desired 

Column D 
Typical 

Column E 
Desired 

Column F 
Typical 

Column G 
Desired 

Initial Construction   0 0   

Crack Seal 3 - 5  8 8   

Chip Seal 4 - 8  12 12   

Medium Mill/OL 10 - 20  20 20   

Crack Seal   23 23   

Chip Seal   27 27   

Medium Mill/OL   35 35   

Add more rows if necessary 

End of Life 
Reconstruction 

  50 �   
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Table P-4. Rigid pavement treatment cycle. 

 Activity Typical Range of 
Years During Which 

the Treatment is 
Applied 

Most Typical Year in 
Which the Treatment is 

Applied 

Application Cycle (in 
years) 

Typical Desired Typical Desired Typical Desired 

Initial Construction   0 0   

Reseal joints & partial 
depth repairs 

6 - 20  17 17   

Minor CPR and some 
full depth repairs 

13 - 31  27 27   

Major CPR/grind 8 - 26  40 40   

Add more rows if necessary 

End of Life 
Reconstruction 

  50 �   

 

  



CHAPTER 6 LIFE-CYCLE COST CONSIDERATIONS: SUPPLEMENTAL INFORMATION    PAGE   57 
  

LIFE-CYCLE COST CONSIDERATION WORKSHEET - BRIDGES 

Bridge Subset (ex: State, NHS, Non-NHS): All Decked Bridges for Deterioration; NHS for Maintenance Info 

To simplify the lifecycle cost analysis, assume the following condition categories from the NBI ratings: 

x Good condition:  NBI rating 7 to 9. 
x Satisfactory condition:  NBI rating 6. 
x Fair condition: NBI rating 5.  
x Poor condition: NBI rating 4 or less. 

 
Deterioration Rates 
Bridge Decks 

x Suppose 100 bridge decks on this subset are currently in Good (7 or greater) condition.  After how many years will 
50 of them have deteriorated to Satisfactory (6) or worse condition, if no preservation action has been taken? 20-25 
years 

x Suppose 100 bridge decks on this subset are currently in Satisfactory (6) condition.  After how many years will 50 of 
them have deteriorated to Fair (5) or worse condition, if no preservation action has been taken? 5-10 years (25-35 
years total) 

x Suppose 100 bridge decks on this subset are currently in Fair (5) condition.  After how many years will 50 of them 
have deteriorated to Poor (4 or less) or worse condition, if no preservation action has been taken?  5-10 years (35-
45 years total) 

x Suppose 100 bridge decks on this subset are currently in Poor condition.  After how many years will 50 of them 
have deteriorated to Failed condition, if no preservation action has been taken?  _____N/A__________________ 

– Ranges due to  ADT (>10K, 4-10K, <4K) and different bridge types 

– Includes bridges with decks; does not include culverts 

 

Bridge Superstructures 

x Suppose 100 bridge superstructures on this subset are currently in Good (7 or greater) condition.  After how many 
years will 50 of them have deteriorated to Satisfactory (6) or worse condition, if no preservation action has been 
taken? 40-50 years  

x Suppose 100 bridge superstructures on this subset are currently in Satisfactory (6) condition.  After how many 
years will 50 of them have deteriorated to Fair (5) or worse condition, if no preservation action has been taken? 10-
20 years (50-70 years) 

x Suppose 100 bridge superstructures on this subset are currently in Fair (5) condition.  After how many years will 50 
of them have deteriorated to Poor (4 or less) or worse condition, if no preservation action has been taken?  10-30 
years (60-100 years) 

x Suppose 100 bridge superstructures on this subset are currently in Poor condition.  After how many years will 50 of 
them have deteriorated to Failed condition, if no preservation action has been taken?  
____N/A_________________ 

– Assumptions:  Ranges due to sampling from 1960’s built to present day and different superstructure types  
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Bridge Substructures 

x Suppose 100 bridge substructures on this subset are currently in Good (7 or greater) condition.  After how many 
years will 50 of them have deteriorated to Satisfactory or worse condition, if no preservation action has been taken? 
40-50 years  

x Suppose 100 bridge substructures on this subset are currently in Satisfactory (6) condition.  After how many years 
will 50 of them have deteriorated to Fair (5) or worse condition, if no preservation action has been taken? 10-20 
years (50-70 years) 

x Suppose 100 bridge substructures on this subset are currently in Fair (5) condition.  After how many years will 50 of 
them have deteriorated to Poor (4 or less) or worse condition, if no preservation action has been taken?  10-30 
years(60-100 years) 

x Suppose 100 bridge substructures on this subset are currently in Poor condition.  After how many years will 50 of 
them have deteriorated to Failed condition, if no preservation action has been taken?  
________N/A_________________ 

Inspection Costs 
What is the estimated average annual cost to collect and process bridge condition data so it can be used for reporting 
performance?   

Average annual collection costs: $4.5 Million (includes culverts) 

Average annual processing costs: $0.5 Million (includes culverts) 

Treatment Costs 
Five categories of repair are listed in tables B-1 through B-3, for bridge decks, superstructures, and substructures 
respectively.  For each of the categories, identify representative treatments that fit within that category, the typical condition 
range when these treatments are applied (e.g., Good, Fair, or Poor), and the condition after the treatment has been 
constructed.  Also provide the typical price range for the treatments in that category and a cost that your Work Group 
considers to be the most representative cost within the price range.  Be sure to indicate the units used for your costs.   
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Table B-1.  Typical treatments and costs for bridge decks. 

Treatment 
Category 

Representative 
Treatments 

Typical 
Condition Level 
When Applied 

(e.g., Excellent, 
Good, Fair, or 

Poor) 

Most Likely 
Condition After 

Treatment 

Typical 
Cost Range 

Most 
Representativ

e Cost 

Routine Maintenance 
(Subset of Preventive 

Maintenance) 

Flushing Deck, 
Joints, Drains 

All Bridges with Decks Same but slows 
deterioration rate 

$100 - $1500/ 
Bridge 

$500/ Bridge 
(Flushing entire 

bridge) 

Crack Sealing 

Fair (5) or greater; 
dependent on 

programming and 
element condition state 

Fair (5) or greater but 
improved element 

condition state 

$2.5 -$4/LF of 
Crack 

$3/ LF of Crack 

Deck Sealing $0.2 - $4/ SF of 
deck 

Highly dependent 
on material used 

Joint Sealing $3 - $5/ LF of 
joint 

$4/ LF of joint 

Rail Sealing $3-$4/ LF of rail $3.50/ LF of rail 

Preventive 
Maintenance 

Poured Joint Repair 

Fair (5) or greater; 
dependent on 

programming and 
element condition state 

Fair (5) or greater but 
improved element 

condition state 

$50 – $200/ LF 
of joint 

$100/ LF of Joint 

Expansion Joint 
Repair (Gland) 

$100 – $400/ LF 
of joint 

$250/ LF of joint 

Replace Joint $375-$750/ LF 
of joint 

Depends on joint 
type 

Relief Joint Repair $5 - $50/ LF of 
joint 

Depends on Repair 

Minor Rehabilitation 

(Reactive 
Maintenance) 

Deck Repair Fair to Poor Satisfactory $20 - $55/ SF of 
repair area 

$30/ SF of repair 
area 

Underdeck-Remove 
loose concrete/ repair 

Fair to Poor Same Infrequent 
Reactive Maint 

Infrequent Reactive 
Maint 

Polymer Overlay Good to Satisfactory Same $7/ SF of deck $7/ SF of deck 

LS Overlay Poor Satisfactory to Fair $6-$8/ SF of 
deck 

$7/ SF of deck 
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Rail Repair Good to Fair; 
dependent on element 

condition state 

Same; improves 
element condition 

state 

$100 - $165/ LF 
of rail repair 

area 

$150/ LF of rail 
repair area 

Approach Panels Dependent on element 
condition state 

Improves element 
condition state 

$10 - $20/ SF of 
repair area 

$15/ SF of repair 
area 

Underpin (Infrequent 
Reactive Maint) 

Poor Poor; preserve public 
safety 

Infrequent 
Reactive Maint 

Infrequent Reactive 
Maint 

Major Rehabilitation 

Replace Railing 

 

Good to Fair; 
dependent on element 

condition state 

Same; improves 
element condition 

state 

$150 - $300/ LF 
of rail 

$200/ LF of rail 

Redeck Poor Good $50 -$70/ SF of 
deck 

$60/SF of deck 

Reconstruction (Entire 
Bridge)  

Reconstruction Poor Good Variable $145/ SF 

 

For each condition level, what percent of the time do you end up taking no action at all in a year and just allowing the bridge 
to deteriorate some more?  *This analysis does not include routine maintenance, although routine maintenance, such as 
flushing, is performed annually to slow deterioration rates.  Crack sealing is also performed to preserve the bridge deck and 
slow further deterioration. 

x Good  _100_%* 
x Fair  _70_% 
x Poor  _65_%  
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Table B-2.  Typical treatments and costs for bridge superstructures.  

Treatment 
Category 

Representative 
Treatments 

Typical 
Condition 

Level When 
Applied (e.g., 

Excellent, 
Good, Fair, or 

Poor) 

Most Likely 
Condition 

After 
Treatment 

Typical Cost 
Range 

Most 
Representat

ive Cost 

Routine Maintenance 

(Subset of Preventive 
Maintenance) 

Flushing Bearings, Beam 
Ends, Truss Members 

All Bridges with 
Decks 

Same but slows 
deterioration rate 

$100 - $1500/ 
Bridge 

$500/ Bridge 
(Flushing entire 

bridge) 

Clean and Lubricate 
Bearings 

Good to Fair; 
dependent on 

element condition 
state 

Good to Fair; 
improves element 

condition state 

$800-$1100/ 
EACH Bearing 

$1000/ EACH 

Preventive 
Maintenance 

Sealing/ Epoxy Injection 

 

Good to Poor Good to Fair Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Painting Beams Good to Fair; 
dependent on 

element condition 
state 

Good to Fair; 
improves element 

condition state 

$12-$15/ SF of 
painted area 

$13/ SF of 
painted area 

Minor Rehabilitation 

(Reactive 
Maintenance) 

Reset Bearings Good to Fair; 
dependent on 

element condition 
state 

Good to Fair; 
improves element 

condition state 

$200-$500/ EACH 
Bearing 

$300/ EACH 
Bearing 

Remove Loose Concrete Fair to Poor; 
dependent on 

element condition 
state 

Fair to Poor; 
improves element 

condition state 

Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Patching/ Gunite/Shot 
Crete 

Fair to Poor; 
dependent on 

element condition 
state 

Satisfactory to 
Fair; improves 

element condition 
state 

$55 - $150/ SF of 
patch area 

$100/ SF of 
patch area 

Arresting Fatigue Cracks Poor Fair Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Major Rehabilitation Repair/ Replace Bearings Poor Good to Fair $1600 - $2000/ 
EACH Bearing 

$1750/ EACH 
Bearing 

Heat Straightening 
(*Infrequent reactive maint; 

typically in response to 

Fair to Poor Satisfactory $6,500 - $9,000 
per day + mob* 

$6,500 per day + 
mob* 
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bridge hits) 

Repair Steel Elements 
(splice plates, stiffeners, 

etc) 

Fair to Poor Satisfactory to Fair In response to 
bridge hits or older 

trusses (smaller 
subset of bridges) 

In response to 
bridge hits or 
older trusses 

(smaller subset 
of bridges) 

Widening (Performed in 
response to increased 

traffic needs) 

Poor Good to 
Satisfactory 

$300/ SF of deck 
(includes super, 
sub and deck) 

$300/ SF of deck 
(includes super, 
sub and deck) 

Replace Concrete and 
Steel Elements 

Poor Good to 
Satisfactory 

Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Repair/ Replace 
Connections 

Poor Good to Fair In response to 
critical findings or 
advanced section 

In response to 
critical findings or 
advanced section 

Reconstruction 
(Entire Bridge)  

Reconstruction Poor Good Variable $145/ SF 

 

For each condition level, what percent of the time do you end up taking no action at all in a year and just allowing the bridge 
to deteriorate some more?  *This analysis does not include routine maintenance, although routine maintenance, such as 
flushing, is performed annually to slow deterioration rates.  Other routine maintenance, such as sealing, is performed as 
needed and can help slow deterioration. 

x Good  _100_% 
x Fair  _90_% 
x Poor  _75_% 

 



CHAPTER 6 LIFE-CYCLE COST CONSIDERATIONS: SUPPLEMENTAL INFORMATION    PAGE   63 
  

Table B-3.  Typical treatments and costs for bridge substructures.  

Treatment 
Category 

Representativ
e Treatments 

Typical Condition 
Level When 

Applied (e.g., 
Excellent, Good, 

Fair, or Poor) 

Most Likely 
Condition 

After 
Treatment 

Typical 
Cost Range 

Most 
Representat

ive Cost 

Routine Maintenance 
(Subset of Preventive 

Maintenance) 

Flushing bridge 
seats, pier caps 

All Bridges with Decks Same but slows 
deterioration rate 

$100 - $1500/ 
Bridge 

$500/ Bridge 
(Flushing entire 

bridge) 

Preventive 
Maintenance 

Sealing Good to Poor Good to Fair Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Painting Good to Fair; dependent 
on element condition state 

Good to Fair; 
improves element 

condition state 

Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Reactive Maintenance Debris Removal All Same, but prevents 
debris from causing 

more problems 

Not applied 
directly to the 
substructure 

Not applied 
directly to the 
substructure 

Minor Rehabilitation 

(Reactive 
Maintenance) 

Patching Fair to Poor Satisfactory to Fair $55 - $150/ SF 
of patch area 

$100/ SF of 
patch area 

Slope Paving Repair Dependent on element 
condition state 

Improves element 
condition state 

$10 - $25/ SF of 
repair area 

$20/ SF of repair 
area 

Riprap (Infrequent 
Reactive Maint) 

Fair to Poor Good to 
Satisfactory 

$10,000 - 
$500,000 

Depends on 
extent of project 

Major Rehabilitation Scour Repair Fair to Poor Good to 
Satisfactory 

$50,000 - 
$500,000 

Depends on 
extent of project 

Repair Steel 
Elements 

Fair to Poor Satisfactory to Fair Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Replace Steel 
Elements 

Poor Good to 
Satisfactory 

Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Replace Concrete 
Elements 

Poor Good to 
Satisfactory 

Infrequent 
Reactive Maint 

Infrequent 
Reactive Maint 

Reconstruction (Entire 
Bridge) 

Reconstruction Poor Good Variable $145/ SF 

 

 

For each condition level, what percent of the time do you end up taking no action at all in a year and just allowing the bridge 
to deteriorate some more? *This analysis does not include routine maintenance, although routine maintenance, such as 
flushing, is performed annually to slow deterioration rates.  Other routine maintenance, such as sealing, is performed as 
needed and can help slow deterioration. 

x Good  _100_% 
x Fair  _90_% 
x Poor  _75_% 
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Overall Health Index 
Please answer the following question to tell us the relative value you would place on each condition level, considering the 
effect on routine maintenance needs and on the quality of service given to the public, including risk.  If Excellent condition is 
worth 100 points and Failed condition is worth zero points, how much should the other levels be worth? 

x Good condition 100 points. 
 

x Satisfactory condition 80 points. 
 
x Fair condition 50 points. 

 

x Poor condition 0 points. 
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LIFE-CYCLE COST CONSIDERATION WORKSHEET –  
BRIDGE CULVERTS 

Bridge Subset (ex: State, NHS, Non-NHS): Concrete Box Culverts > 10 FT 

To simplify the lifecycle cost analysis, assume the following condition categories from the NBI ratings: 

x Good condition:  NBI rating 7 to 9. 
x Satisfactory condition:  NBI rating 6. 
x Fair condition: NBI rating 5.  
x Poor condition: NBI rating 4 or less. 

 
Deterioration Rates 
Culverts 

x Suppose 100 culverts on this subset are currently in Good (7 or greater) condition.  After how many years will 50 of 
them have deteriorated to Satisfactory (6) or worse condition, if no preservation action has been taken? 50 years 

x Suppose 100 culverts on this subset are currently in Satisfactory (6) condition.  After how many years will 50 of 
them have deteriorated to Fair (5) or worse condition, if no preservation action has been taken? 20 years (70 years 
total) 

x Suppose 100 culverts on this subset are currently in Fair (5) condition.  After how many years will 50 of them have 
deteriorated to Poor (4 or less) or worse condition, if no preservation action has been taken?  30 years (100 years 
total) 

x Suppose 100 bridge decks on this subset are currently in Poor condition.  After how many years will 50 of them 
have deteriorated to Failed condition, if no preservation action has been taken?  _____N/A____________ 

 

Inspection Costs 
What is the estimated average annual cost to collect and process bridge condition data so it can be used for reporting 
performance?   

Average annual collection costs: $4.5 Million_(includes culverts) 

Average annual processing costs: $0.5 Million_(includes culverts) 

Treatment Costs 
Five categories of repair are listed in tables B-4, for culverts.  For each of the categories, identify representative treatments 
that fit within that category, the typical condition range when these treatments are applied (e.g., Good, Fair, or Poor), and 
the condition after the treatment has been constructed.  Also provide the typical price range for the treatments in that 
category and a cost that your Work Group considers to be the most representative cost within the price range.  Be sure to 
indicate the units used for your costs.   
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Table B-4.  Typical treatments and costs for culverts. 

Treatment 
Category 

Representative 
Treatments 

Typical Condition 
Level When 

Applied (e.g., 
Excellent, Good, 

Fair, or Poor) 

Most Likely 
Condition 

After 
Treatment 

Typical 
Cost 

Range 

Most 
Representativ

e Cost 

Routine Maintenance  None     

Preventive 
Maintenance 

None     

Minor Rehabilitation 

(Reactive 
Maintenance) 

Patching/ Minor 
Repairs 

Fair to Poor Satisfactory to Fair $20 - $55/ SF 
of repair area 

$30/ SF of repair 
area 

Debris Removal All Same, but prevents 
debris from causing 

more problems 

Not applied 
directly to the 

culvert 

Not applied directly 
to the culvert 

Scour Repair Fair to Poor Good to 
Satisfactory 

$1000 - 
$10,000 

Depends on extent 
of project 

Major Rehabilitation 

Wingwall/Headwall 
Rehab 

Poor Satisfactory to Fair Infrequent 
Reactive Maint 

Infrequent Reactive 
Maint 

Extend Good to Fair Good to Fair Variable $200,000 

Reconstruction  Reconstruction Poor Good Variable $250,000 

 

For each condition level, what percent of the time do you end up taking no action at all in a year and just allowing the culvert 
to deteriorate some more? 

x Good  _100__% 
x Fair  _90__% 
x Poor  _55__% 
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LIFE-CYCLE COST CONSIDERATION WORKSHEET - HYDRAULICS 

To simplify the lifecycle cost analysis, assume the following condition categories from the HydInfra ratings: 

x Excellent (like new) condition:  1 
x Fair condition: 2 
x Poor condition: 3 
x Very poor condition: 4 

 

Deterioration Rates 
Culverts 

x Suppose 100 culverts are currently in Excellent condition.  After how many years will 50 of them have deteriorated 
to Fair or worse condition, if no preservation action has been taken?  

– For Concrete Pipe: _____23________ 

– For Metal Pipe: _______13_________ 

x Suppose 100 culverts are currently in Fair condition.  After how many years will 50 of them have deteriorated to 
Poor or worse condition, if no preservation action has been taken?   

– For Concrete Pipe: _____33________ 

– For Metal Pipe: ________16________ 

x Suppose 100 culverts are currently in Poor condition.  After how many years will 50 of them have deteriorated to 
Very Poor condition, if no preservation action has been taken? 

– For Concrete Pipe: _____15________ 

– For Metal Pipe: ________8________ 

 

Stormwater Tunnels 

(Metro District has 7 stormwater tunnel systems that have been divided up into 50 segments.  These tunnels were built 
between the early 1960’s and late 1970’s.  The degradation of each tunnel is specific to the tunnel system.  For example, 
the I-35W south tunnel is under a significant amount of pressure and it can go from good to fair to poor at a much higher 
rate than the other tunnels.) 

Currently 32% of the 50 tunnel segments are rated fair, 42% are rated poor, and 26% are rated very poor. 

Inspection Costs 
What is the estimated average annual cost to collect and process culvert and tunnel condition data so it can be used for 
reporting performance?   

Average annual collection costs for culverts: 7900 hours x $75/hr. (includes hourly rate $30 + 1.5 overhead rate) = $592,500 
+ $66,667 (consultant contract annualized over 3 years): Total $659,167 ($660K) 

Average annual processing costs for culverts: 880 hours (same as above) = $66,000 

Tunnel inspection costs (inspection and reports) are done via consultants.  Typically $200,000 each year.  The shared 
tunnels in the City of Minneapolis are on a 3-5 year inspection schedule. 
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Treatment Costs 
Five categories of repair are listed in table H-1 and H-2 for culverts and tunnels, respectively.  For each of the categories, 
identify representative treatments that fit within that category, the typical condition range when these treatments are applied 
(e.g., Good, Fair, or Poor) and the condition after the treatment has been constructed.  Also provide the typical price range 
for the treatments in that category and a cost that your Work Group considers to be the most representative cost within the 
price range.  Be sure to indicate the units used for your costs.   

Culverts 
Table H-1.  Typical treatments and costs for culverts. 

Treatment 
Category 

Representative 
Treatments 

Typical 
Condition Level 
When Applied 

(e.g., Excellent, 
Good, Fair, or 

Poor) 

Most Likely 
Condition 

After 
Treatment 

Typical 
Cost 

Range 

Most 
Representative 

Cost 

Routine Maintenance      

Preventive 
Maintenance 

     

Minor Rehabilitation  Poor or very poor Fair   

Reset ends  $2694.78 Each 

joint repair/Grout  $35.73/LF 

pave invert  $17.86/LF 

Major Rehabilitation Slipliner Very poor Excellent or Fair  $192.54 

CIPP  $142.62/LF 

Replacement  Trench Poor or very poor Excellent  $71.91/LF + 
$28999.12/Ea 

Jack  $797.50/LF 

 

Estimated repair costs based on 2010 Spreadsheet developed by Dave Solsrud/Dave Johnston of D8.  Trench replacement 
cost includes the cost of the pavement replacement – will be much less expensive if done as part of a pavement project.  
Unit repair costs include the 10% contingency that was added in the spreadsheet estimation. 

For each condition level, what percent of the time do you end up taking no action at all in a year and just allowing the culvert 
to deteriorate some more? 

x Excellent  __100___% 
x Fair  ___98_____% 
x Poor  ___95_____% 
x Very poor  __88_____% 
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Stormwater Tunnels 
Table H-2.  Typical treatments and costs for stormwater tunnels. 

Treatment 
Category 

Representative 
Treatments 

Typical Age or 
Condition Level 
When Applied 

(e.g., Excellent, 
Good, Fair, or 

Poor) 

Most 
Likely 

Condition 
After 

Treatment 

Typical 
Cost 

Range 

Most 
Representative 

Cost 

Routine Maintenance Remove sediment 
and debris 

Not routinely done, only 
done when would 
cause plugging 

Fair   

Preventive 
Maintenance 

Seal cracks and 
infiltration points 

Urgent Fair   

Maintenance Flush and grout 
voids, fill cracks 

Urgent/poor Good Contractors 
can do $3.5 

M per season 

About $25M in 
needs that are 

known now 

Major Maintenance Repair broken 
crown/broken liner 

Urgent/poor Good  About $500,000 in 
needs that are 

known now 

Replacement or 
Added Capacity 

Replacement or 
Added Capacity 

Never done this yet Excellent  About $200M in 
needs that are 

known now 

 

For each condition level, what percent of the time do you end up taking no action at all in a year and just allowing the tunnel 
to deteriorate some more? 

x Excellent  __100____% 
x Fair  ___100_____% 
x Poor  _99___% 
x Very Poor   ______% 

 

Overall Health Index 
Please answer the following question to tell us the relative value you would place on each condition level, considering the 
effect on routine maintenance needs and on the quality of service given to the public, including risk.  If Excellent condition is 
worth 100 points and Failed condition is worth zero points, how much should the other levels be worth? 

x Fair condition  _____99______ points. 
x Poor condition   _____40______ points. 
x Very Poor condition  _____20______ points. 
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LIFE-CYCLE COST CONSIDERATION WORKSHEET –  
OTHER TRAFFIC STRUCTURES 

 

Deterioration Rates 
 
Tracked condition summaries and available research used to make assumptions on structure deterioration.  See table 
below. 

 

] 

 

 

  

Summary�of�Current�Condition�

Overall�
Condition�
Rating

Description

SRF�Ͳ�Number�
of�structures�
per�rating�

Structures�that�have�
Maintenance�work�done�

and/or�planned�
construction�work�will�move�

from�2,3,4,5�to�6

7Ͳ2Ͳ13�������������
Structures�per�
condition�rating

%�of�
total

Structures�with�
loose�

anchorages/nuts�
from�condition�
ratings����2,�3,�4*

total�after�
fixing�nuts�&�
moving�to�
satisfactory

%�of�total�
after�
fixing�
nuts

Combined�
%

Proposed�
Performance�
Measure

2 Critical 143 26 117 6% 85 32 2.3%

3 Serious 257 53 204 11% 92 112 7.9% 10.2% 10%�or�less
4 Poor 423 81 342 18% 237 105 7.4% 17.6% 20%�or�less
5 Fair 357 70 287 15% 0 287 20.3%

6 Satisfactory 200 49 430 23% 0 844 59.6%

7 Good 32 2 32 2% 0 32 2.3%

8 Very�Good 3 0 3 0% 0 3 0.2%

281 1415 414 1415

230�moved�to�6

CO�Active�Structures 1857 663 414

Retired�per�Metro 4 0.624434389

Not�inspected 438
Condition�Total 1415

Poor 36% �����62%�(414)�of�these�have�loose�anchorages/nuts
Fair 15%

Good 25%

Based�on�inspected�structures:
Poor 249 17.6% 77 326 13.8%

Fair 287 20.3% 89 376 15.9%

Good 879 62.1% 272 510 1661 70.3%

Totals 1415 438 2363

For structures not inspected, the most reasonable 
assumption would be to go with the Good/Fair/Poor 
distribution observed for the structures inspected. This can 
be revised in the Asset Register

Modified percentages after structures 
statewide have been included. All remaining 
510 structures are reported to be in 100% 
good condition.
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Use the results of any of your inspections to record the types of repairs needed.  Use table S-1 to record your results.  If you 
have had more than 7 inspections, please add rows to the table.  We will use the results to establish preliminary rates of 
deterioration. 

Table S-1.  Repairs required based on overhead sign structure inspections. 

 

Inspection Costs 
What is the estimated average annual cost to collect and process condition data on overhead sign structures and high mast 
light towers so it can be used for reporting performance?   

x 2006-07 Metro consultant contract to inspect/report on 718 cantilevers $460,197; $640/structure 
x 2010-11 Metro… “ “… on 856 non-cantilever $1,007,967; $1170/structure 
x 2012 District 6 worked 90 hours of inspection time including ultrasonic inspection of anchor rods on their cantilever 

signs.  At an average rate of n$50.00/hour this works out to an approximate cost of $4500.00 

 

Treatment Costs 
Five categories of repair are listed in tables S-3 and S-4 for overhead sign structures and high mast light towers, 
respectively.  For each of the categories, identify representative treatments that fit within that category, the typical condition 
range when these treatments are applied (e.g., Good, Fair, or Poor) and the condition after the treatment has been 
constructed.  Also provide the typical price range for the treatments in that category and a cost that your Work Group 
considers to be the most representative cost within the price range.  Be sure to indicate the units used for your costs.   

We recognize that there are few preventive maintenance treatments that are applied to high mast tower light poles.  
Therefore, you may not have a response for each row in table S-4.  As long as you provide us with information that tells us 
what types of repairs are needed, the typical age at which these repairs are made, and the average cost of the repairs, we 
will do our best to develop a life cycle treatment cycle for these structures.   

Inspection 

Cycle 
Year 

  No of Structures Requiring: 

No. of Structures 

Inspected 

No 

Maintenance 

Routine 

Maintenance 

Preventive 

Maintenance 

Minor 

Rehabilitation 

Major 

Rehabilitation 
Replacement 

1 2006-07 718 159 504 NA 25 14 16 

2 2010-11 856 591 231 NA 15 2 17 

3 2012 86 0 0 NA 0 0 0 

4                 

5                 

6                 

7                 
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Table S-3.  Typical treatments and costs for overhead sign structures. 

Treatment 
Category 

Representative 
Treatments 

Typical Age or 
Condition Level 
When Applied 

(e.g., Excellent, 
Good, Fair, or 

Poor) 

Most 
Likely 

Condition 
After 

Treatment 

Typical 
Cost 

Range 

Most 
Representative 

Cost 

Routine 
Maintenance (such 

as tightening bolts) 

-Tighten base 
nuts 

-Remove Grout 

Poor 

Poor 

Fair 

Poor 

 (1) 

(2) 

Preventive 
Maintenance (such 

as adding nuts/bolts to 
strengthen the structure 

and preserve life) 

NA NA NA NA NA 

Minor 
Rehabilitation 

(such as replacement of 
one or more minor 

structural components) 

Re-grade footing, 
replace weld, 

remove 
catwalks/lighting, 

new mounting 
post 

Poor Fair - 
Good 

$1700 - 
$6000 

$3000 

Major 
Rehabilitation 

(such as replacement of 
significant portions of the 

structure) 

Replace 
foundation or 

replace truss or 
other elements 

Poor Good $8,000-
$30,000 

$25,000 

Replacement 
(including complete 

removal and replacement 
of the structure) 

Replacement 40 years New $10,000-
$110,000 

(3) 

(1) Our crews tightened nuts on 300 overhead structures: 1015 hours @ $50/person = $50,750 and $6800 Equipment Cost = $57550/300 = 
$200/structure* and $40,000 for wrench. * Does not include traffic control costs  
 

(2) Mendota removed 15 signs with grout in their area; 276 hours @ $50/person = $14,000 and $1400 equipment cost = $15,400/15 signs = 
$1000/sign*. *Does not include traffic control costs. 
 

(3) Metro assumes a scoping replacement cost of $10K for bridge mounts, $60K for scoping of cantilever replacement, and $110K for scoping 
of sign bridges.  Contracts (does not include mobilization or traffic control: usually assumed to be 20% of total project cost): 

(4) 2009 – Minor Rehab = $6,000 (1 structure); Major rehab $8000 (1 structure) 
2010 – Minor Rehab = $1,700 (1); Major rehab $300,000 (13) $30K average 
2011 – Major $340,000 (14) $24K average 
2012 – Major $270,000 (18) $15K average 
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LIFE-CYCLE COST ANALYSES 
MODELING EXAMPLES 
(INPUTS AND RESULTS) 
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PAVEMENT MODEL* 
INPUTS 

  

INPUT WORKSHEET

1.     Economic Variables
Value of Time for Passenger Cars ($/hour) $2.00
Value of Time for Single Unit Trucks ($/hour) $2.00
Value of Time for Combination Trucks ($/hour) $2.00

2.    Analysis Options
Include User Costs in Analysis No
Include User Cost Remaining Life Value Yes
Use Differential User Costs Yes
User Cost Computation Method Calculated
Include Agency Cost Remaining Life Value Yes
Traffic Direction Both
Analysis Period (Years) 50
Beginning of Analysis Period 2013
Discount Rate (%) 2.2
Number of Alternatives 5

3.    Project Details
State Route
Project Name
Region
County
Analyzed By
Mileposts

Begin
End

Length of Project (miles) 0.00

Comments

4.     Traffic Data
AADT Construction Year (total for both directions) 2,000
Cars as Percentage of AADT (%) 96.0
Single Unit Trucks as Percentage of AADT (%) 2.0
Combination Trucks as Percentage of AADT (%) 2.0
Annual Growth Rate of Traffic (%) 2.0
Speed Limit Under Normal Operating Conditions (mph) 55
No of Lanes in Each Direction During Normal Conditions 1
Free Flow Capacity (vphpl) 2157
Rural or Urban Hourly Traffic Distribution Rural
Queue Dissipation Capacity (vphpl) 200
Maximum AADT (total for both directions) 2,577
Maximum Queue Length (miles) 1.0

MnDOT LCCA: AC Pavements - Desired

5.     Construction
Alternative 1 Alternative 2 Alternative 3
Number of Activities 10 Number of Activities 11 Number of Activities 3

Activity 1 Activity 1 Activity 1
Agency Construction Cost ($1000) #NAME? Agency Construction Cost ($1000) #NAME? Agency Construction Cost ($1000) #NAME?
User Work Zone Costs ($1000) User Work Zone Costs ($1000) User Work Zone Costs ($1000)
Work Zone Duration (days) 5 Work Zone Duration (days) 5 Work Zone Duration (days) 5
No of Lanes Open in Each Direction During Work Zone 1 No of Lanes Open in Each Direction During Work Zone 1 No of Lanes Open in Each Direction During Work Zone 1
Activity Service Life (years) #NAME? Activity Service Life (years) #NAME? Activity Service Life (years) #NAME?
Activity Structural Life (years) 20.0 Activity Structural Life (years) 15.0 Activity Structural Life (years) 20.0
Maintenance Frequency (years) 3 Maintenance Frequency (years) 3 Maintenance Frequency (years) 3
Agency Maintenance Cost ($1000) 2.38 Agency Maintenance Cost ($1000) 2.38 Agency Maintenance Cost ($1000) 2.38
Work Zone Length (miles) 1.00 Work Zone Length (miles) 1.00 Work Zone Length (miles) 1.00
Work Zone Speed Limit (mph) 55 Work Zone Speed Limit (mph) 55 Work Zone Speed Limit (mph) 55
Work Zone Capacity (vphpl) 200 Work Zone Capacity (vphpl) 200 Work Zone Capacity (vphpl) 200
Traffic Hourly Distribution Week Day 1 Traffic Hourly Distribution Week Day 1 Traffic Hourly Distribution Week Day 1
Time of Day of Lane Closures (use whole numbers based on a 24-hour clock) Time of Day of Lane Closures (use whole numbers based on a 24-hour clock) Time of Day of Lane Closures (use whole numbers based on a 24-hour clock)

Inbound Start End Inbound Start End Inbound Start End
First period of lane closure First period of lane closure First period of lane closure
Second period of lane closure Second period of lane closure Second period of lane closure
Third period of lane closure Third period of lane closure Third period of lane closure

Outbound Start End Outbound Start End Outbound Start End
First period of lane closure First period of lane closure First period of lane closure
Second period of lane closure Second period of lane closure Second period of lane closure
Third period of lane closure Third period of lane closure Third period of lane closure

Activity 2 Activity 2 Activity 2
Agency Construction Cost ($1000) #NAME? Agency Construction Cost ($1000) #NAME? Agency Construction Cost ($1000) #NAME?
User Work Zone Costs ($1000) User Work Zone Costs ($1000) User Work Zone Costs ($1000)
Work Zone Duration (days) 5 Work Zone Duration (days) 5 Work Zone Duration (days) 5
No of Lanes Open in Each Direction During Work Zone 1 No of Lanes Open in Each Direction During Work Zone 1 No of Lanes Open in Each Direction During Work Zone 1
Activity Service Life (years) #NAME? Activity Service Life (years) #NAME? Activity Service Life (years) #NAME?
Activity Structural Life (years) 0.0 Activity Structural Life (years) 0.0 Activity Structural Life (years) 20.0
Maintenance Frequency (years) 3 Maintenance Frequency (years) 3 Maintenance Frequency (years) 3
Agency Maintenance Cost ($1000) 2.38 Agency Maintenance Cost ($1000) 2.38 Agency Maintenance Cost ($1000) 2.38
Work Zone Length (miles) 1.00 Work Zone Length (miles) 1.00 Work Zone Length (miles) 1.00
Work Zone Speed Limit (mph) 55 Work Zone Speed Limit (mph) 55 Work Zone Speed Limit (mph) 55
Work Zone Capacity (vphpl) 200 Work Zone Capacity (vphpl) 200 Work Zone Capacity (vphpl) 200
Traffic Hourly Distribution Week Day 1 Traffic Hourly Distribution Week Day 1 Traffic Hourly Distribution Week Day 1
Time of Day of Lane Closures (use whole numbers based on a 24-hour clock) Time of Day of Lane Closures (use whole numbers based on a 24-hour clock) Time of Day of Lane Closures (use whole numbers based on a 24-hour clock)

Inbound Start End Inbound Start End Inbound Start End
First period of lane closure First period of lane closure First period of lane closure
Second period of lane closure Second period of lane closure Second period of lane closure
Third period of lane closure Third period of lane closure Third period of lane closure

Outbound Start End Outbound Start End Outbound Start End
First period of lane closure First period of lane closure First period of lane closure
Second period of lane closure Second period of lane closure Second period of lane closure
Third period of lane closure Third period of lane closure Third period of lane closure

Activity 3 Activity 3 Activity 3
Agency Construction Cost ($1000) #NAME? Agency Construction Cost ($1000) #NAME? Agency Construction Cost ($1000) #NAME?
User Work Zone Costs ($1000) User Work Zone Costs ($1000) User Work Zone Costs ($1000)
Work Zone Duration (days) 5 Work Zone Duration (days) 5 Work Zone Duration (days) 5
No of Lanes Open in Each Direction During Work Zone 1 No of Lanes Open in Each Direction During Work Zone 1 No of Lanes Open in Each Direction During Work Zone 1
Activity Service Life (years) #NAME? Activity Service Life (years) #NAME? Activity Service Life (years) #NAME?
Activity Structural Life (years) 8.0 Activity Structural Life (years) 9.0 Activity Structural Life (years) 20.0
Maintenance Frequency (years) 3 Maintenance Frequency (years) 3 Maintenance Frequency (years) 3
Agency Maintenance Cost ($1000) 2.38 Agency Maintenance Cost ($1000) 2.38 Agency Maintenance Cost ($1000) 2.38
Work Zone Length (miles) 1.00 Work Zone Length (miles) 1.00 Work Zone Length (miles) 1.00
Work Zone Speed Limit (mph) 55 Work Zone Speed Limit (mph) 55 Work Zone Speed Limit (mph) 55
Work Zone Capacity (vphpl) 200 Work Zone Capacity (vphpl) 200 Work Zone Capacity (vphpl) 200
Traffic Hourly Distribution Week Day 1 Traffic Hourly Distribution Week Day 1 Traffic Hourly Distribution Week Day 1
Time of Day of Lane Closures (use whole numbers based on a 24-hour clock) Time of Day of Lane Closures (use whole numbers based on a 24-hour clock) Time of Day of Lane Closures (use whole numbers based on a 24-hour clock)

Inbound Start End Inbound Start End Inbound Start End
First period of lane closure First period of lane closure First period of lane closure
Second period of lane closure Second period of lane closure Second period of lane closure
Third period of lane closure Third period of lane closure Third period of lane closure

Outbound Start End Outbound Start End Outbound Start End
First period of lane closure First period of lane closure First period of lane closure
Second period of lane closure Second period of lane closure Second period of lane closure
Third period of lane closure Third period of lane closure Third period of lane closure

Flexible Pavements - Desired Srategy

Initial Construction

Crack Treatment

Surface Treatment

Initial Construction

Crack Treatment

Surface Treatment

Flexible Pavements - Typical Strategy Flexible Pavement - Worst First

Initial Construction

Reconstruction - 1

Reconstruction - 2

*The Other Traffic Structures (Overhead Sign Structures and High-Mast 

Tower Lighting Structures) model included the same format spreadsheets. 
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DETERMINISTIC RESULTS 

 
  

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost 
($1000)

Agency Cost
($1000)

User Cost
($1000)

Undiscounted Sum $1,233.07 $0.00 $1,302.42 $0.00 $2,052.37 $0.00 $1,305.62 $0.00 $1,656.11 $0.00
Present Value $1,046.58 $0.00 $1,099.92 $0.00 $1,552.06 $0.00 $1,163.60 $0.00 $1,388.59 $0.00
EUAC $34.72 $0.00 $36.49 $0.00 $51.49 $0.00 $38.60 $0.00 $46.07 $0.00

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost 
($1000)

Agency Cost
($1000)

User Cost
($1000)

2013 $806.67 $806.67 $806.67 $966.67 $966.67
2014
2015
2016 $2.38 $2.38 $2.38 $2.38 $3.00
2017 $6.33
2018
2019 $2.38 $18.33 $2.38 $2.38 $3.00
2020
2021 $6.33
2022 $2.38 $2.38 $2.38 $3.00
2023 $10.00
2024 $2.38
2025 $18.33 $2.38 $2.38 $3.00
2026 $2.38
2027
2028 $2.38 $158.33 $2.38 $3.00
2029 $2.38
2030 $71.67
2031 $2.38 $3.48 $2.38 $3.00
2032 $6.33
2033 $158.33 $806.67 $3.48
2034 $18.33 $3.00
2035
2036 $6.33 $2.38 $3.48
2037 $3.48 $3.00
2038
2039 $3.48 $2.38 $3.48
2040 $18.33 $3.48 $3.00
2041 $198.33
2042 $2.38
2043 $3.48 $158.33 $966.67
2044 $5.23
2045 $2.38
2046 $3.48 $3.48 $3.00
2047 $6.33 $5.23
2048 $158.33 $2.38
2049 $18.33 $3.00
2050 $5.23
2051 $6.33 $2.38
2052 $5.23 $3.00
2053 $806.67 $5.23
2054 $5.23
2055 $68.33 $3.00
2056 $18.33 $2.38 $5.23
2057
2058 $5.23 $3.00
2059 $5.23 $2.38 $5.23
2060
2061 $5.23 $3.00
2062 $5.23 $2.38 $5.23
2063 ($2.29) ($403.33) ($322.22)

Alternative 2: Flexible 
Pavements - Typical Strategy

ve 2: Flexible Pavements - Typical

Alternative 3: Flexible 
Pavement - Worst First

ative 3: Flexible Pavement - Wors

Total Cost

Year

Alternative 1: Flexible 
Pavements - Desired Srategy

Total Cost

ve 1: Flexible Pavements - Desire
Expenditure Stream

Alternative 4: Rigid Pavements 
Typical/Desired Strategy

4: Rigid Pavements Typical/Desir

Alternative 5: Rigid Pavements 
Worst First

native 5: Rigid Pavements Worst 

Low est Present Value Agency Cost
Low est Present Value User Cost
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0

200

400

600

800

1,000

1,200

20
13

20
15

20
17

20
19

20
21

20
23

20
25

20
27

20
29

20
31

20
33

20
35

20
37

20
39

20
41

20
43

20
45

20
47

20
49

20
51

20
53

20
55

20
57

20
59

20
61

Un
di

sc
ou

nt
ed

 S
um

 ($
10

00
)

Year

Expenditure Stream: Agency Cost

Alternative 1: Flexible Pavements - Desired Srategy
Alternative 2: Flexible Pavements - Typical Strategy
Alternative 3: Flexible Pavement - Worst First

0

0

0

1

1

1

1

20
13

20
15

20
17

20
19

20
21

20
23

20
25

20
27

20
29

20
31

20
33

20
35

20
37

20
39

20
41

20
43

20
45

20
47

20
49

20
51

20
53

20
55

20
57

20
59

20
61

Un
di

sc
ou

nt
ed

 S
um

 ($
10

00
)

Year

Expenditure Stream: User Cost

Alternative 1: Flexible Pavements - Desired Srategy
Alternative 2: Flexible Pavements - Typical Strategy
Alternative 3: Flexible Pavement - Worst First

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

ternative 1: Flexible Pavements - Desired SrategyAlternative 2: Flexible Pavements - Typical StrategyAlternative 3: Flexible Pavement - Worst FirstAlternative 4: Rigid Pavements Typical/Desired StrateAlternative 5: Rigid Pavements Worst Fir

Pr
es

en
t V

al
ue

 ($
10

00
)

Alternative

Agency Cost

0
0
0
0
0
1
1
1
1
1
1

ternative 1: Flexible Pavements - Desired SrategyAlternative 2: Flexible Pavements - Typical StrategyAlternative 3: Flexible Pavement - Worst FirstAlternative 4: Rigid Pavements Typical/Desired StrateAlternative 5: Rigid Pavements Worst Fir

Pr
es

en
t V

al
ue

 ($
10

00
)

Alternative

User Cost



CHAPTER 6 LIFE-CYCLE COST CONSIDERATIONS: SUPPLEMENTAL INFORMATION    PAGE   76 
  

PROBABLISTIC RESULTS 

  

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Agency Cost
($1000)

User Cost
($1000)

Mean $741.81 $0.00 $806.63 $0.00 $979.54 $0.00 $923.66 $0.00 $1,025.66 $0.00
Standard Deviation $414.33 $0.00 $427.91 $0.00 $518.40 $0.00 $359.33 $0.00 $395.24 $0.00
Minimum $408.66 $0.00 $455.56 $0.00 $371.45 $0.00 $611.75 $0.00 $612.54 $0.00
Maximum $2,164.02 $0.00 $2,215.59 $0.00 $3,067.49 $0.00 $2,187.16 $0.00 $2,394.71 $0.00

Total Cost

Total Cost (Present 
Value)

Alternative 1: Flexible 
Pavements - Desired 

Alternative 5: Rigid 
Pavements Worst First

Alternative 4: Rigid 
Pavements 

Alternative 3: Flexible 
Pavement - Worst First

Alternative 2: Flexible 
Pavements - Typical 
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OUTPUT DISTRIBUTIONS 

 

EXTREME TAIL ANALAYSIS 

  

Bin Mid Point Rel. Freq. Cum. Rel. 
Freq.

Bin Mid Point Rel. Freq. Cum. Rel. 
Freq.

Bin Mid Point Rel. Freq. Cum. Rel. 
Freq.

Bin Mid Point Rel. Freq. Cum. Rel. 
Freq.

Bin Mid Point Rel. Freq. Cum. Rel. 
Freq.

Bin Mid Point Rel. Freq. Cum. Rel. 
Freq.

500 450 0.50 0.50 0 0 1.00 1.00 500 450 0.24 0.24 0 0 1.00 1.00 0 -100 0.00 0.00 0 0 1.00 1.00
600 550 0.07 0.58 0 0 0.00 1.00 600 550 0.30 0.53 0 0 0.00 1.00 200 100 0.00 0.00 0 0 0.00 1.00
700 650 0.06 0.64 0 0 0.00 1.00 700 650 0.07 0.61 0 0 0.00 1.00 400 300 0.02 0.02 0 0 0.00 1.00
800 750 0.04 0.68 0 0 0.00 1.00 800 750 0.05 0.66 0 0 0.00 1.00 600 500 0.27 0.29 0 0 0.00 1.00
900 850 0.04 0.72 0 0 0.00 1.00 900 850 0.04 0.70 0 0 0.00 1.00 800 700 0.19 0.48 0 0 0.00 1.00

1000 950 0.05 0.77 0 0 0.00 1.00 1000 950 0.04 0.74 0 0 0.00 1.00 1000 900 0.11 0.59 0 0 0.00 1.00
1100 1050 0.03 0.80 0 0 0.00 1.00 1100 1050 0.04 0.78 0 0 0.00 1.00 1200 1100 0.11 0.70 0 0 0.00 1.00
1200 1150 0.05 0.84 0 0 0.00 1.00 1200 1150 0.03 0.81 0 0 0.00 1.00 1400 1300 0.11 0.80 0 0 0.00 1.00
1300 1250 0.03 0.87 0 0 0.00 1.00 1300 1250 0.03 0.85 0 0 0.00 1.00 1600 1500 0.06 0.87 0 0 0.00 1.00
1400 1350 0.02 0.89 0 0 0.00 1.00 1400 1350 0.02 0.87 0 0 0.00 1.00 1800 1700 0.05 0.92 0 0 0.00 1.00
1500 1450 0.02 0.92 0 0 0.00 1.00 1500 1450 0.03 0.89 0 0 0.00 1.00 2000 1900 0.04 0.95 0 0 0.00 1.00
1600 1550 0.02 0.94 0 0 0.00 1.00 1600 1550 0.03 0.92 0 0 0.00 1.00 2200 2100 0.02 0.97 0 0 0.00 1.00
1700 1650 0.02 0.96 0 0 0.00 1.00 1700 1650 0.02 0.94 0 0 0.00 1.00 2400 2300 0.01 0.99 0 0 0.00 1.00
1800 1750 0.01 0.97 0 0 0.00 1.00 1800 1750 0.02 0.96 0 0 0.00 1.00 2600 2500 0.01 0.99 0 0 0.00 1.00
1900 1850 0.01 0.98 0 0 0.00 1.00 1900 1850 0.01 0.97 0 0 0.00 1.00 2800 2700 0.00 1.00 0 0 0.00 1.00
2000 1950 0.01 0.99 0 0 0.00 1.00 2000 1950 0.02 0.98 0 0 0.00 1.00 3000 2900 0.00 1.00 0 0 0.00 1.00
2100 2050 0.01 1.00 0 0 0.00 1.00 2100 2050 0.01 0.99 0 0 0.00 1.00 3200 3100 0.00 1.00 0 0 0.00 1.00
2200 2150 0.00 1.00 0 0 0.00 1.00 2200 2150 0.01 1.00 0 0 0.00 1.00 3400 3300 0.00 1.00 0 0 0.00 1.00
2300 2250 0.00 1.00 0 0 0.00 1.00 2300 2250 0.00 1.00 0 0 0.00 1.00 3600 3500 0.00 1.00 0 0 0.00 1.00
2400 2350 0.00 1.00 0 0 0.00 1.00 2400 2350 0.00 1.00 0 0 0.00 1.00 3800 3700 0.00 1.00 0 0 0.00 1.00

Alternative 1: Agency Cost Alternative 1: User Cost Alternative 2: Agency Cost Alternative 2: User Cost Alternative 3: Agency Cost Alternative 3: User Cost
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Name Probability Function 5% 10% 90% 95% 5% 10% 90% 95%
Alternative 1: Activity 1: Agency CLCCATRIANG(210,210,2000) -0.01 -0.01 2.89 3.31 -0.01 -0.01 2.89 3.31
Alternative 2: Activity 1: Agency CLCCATRIANG(210,210,2000) 0.17 0.07 0.08 0.07 0.17 0.07 0.08 0.07
Alternative 3: Activity 1: Agency CLCCATRIANG(210,210,2000) 0.09 0.01 0.20 0.37 0.09 0.01 0.20 0.37
Alternative 4: Activity 1: Agency CLCCATRIANG(450,450,2000) 0.00 0.00 0.01 0.25 0.00 0.00 0.01 0.25
Alternative 5: Activity 1: Agency CLCCATRIANG(450,450,2000) -0.01 0.18 0.01 -0.01 -0.01 0.18 0.01 -0.01
Alternative 1: Activity 1: Service L LCCATRIANG(6,8,10) 1.08 0.82 0.07 0.13 1.08 0.82 0.07 0.13
Alternative 2: Activity 1: Service L LCCATRIANG(3,4,5) -0.12 -0.09 -0.16 -0.16 -0.12 -0.09 -0.16 -0.16
Alternative 3: Activity 1: Service L LCCATRIANG(15,20,25) -0.05 -0.09 -0.21 -0.13 -0.05 -0.09 -0.21 -0.13
Alternative 4: Activity 1: Service L LCCATRIANG(8,10,12) -0.08 -0.06 0.02 0.15 -0.08 -0.06 0.02 0.15
Alternative 5: Activity 1: Service L LCCATRIANG(25,30,35) 0.04 -0.04 0.09 0.00 0.04 -0.04 0.09 0.00
Alternative 1: Activity 2: Agency CLCCATRIANG(3,6,10) -0.04 -0.12 0.00 -0.04 -0.04 -0.12 0.00 -0.04
Alternative 2: Activity 2: Agency CLCCATRIANG(3,6,10) -0.20 -0.08 0.11 0.11 -0.20 -0.08 0.11 0.11
Alternative 3: Activity 2: Agency CLCCATRIANG(210,210,2000) 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.18
Alternative 4: Activity 2: Agency CLCCATRIANG(5,10,15) 0.05 0.12 0.10 -0.04 0.05 0.12 0.10 -0.04
Alternative 5: Activity 2: Agency CLCCATRIANG(450,450,2000) -0.06 -0.06 0.14 0.13 -0.06 -0.06 0.14 0.13
Alternative 1: Activity 2: Service L LCCATRIANG(3,4,5) 0.44 0.39 -0.01 -0.17 0.44 0.39 -0.01 -0.17
Alternative 2: Activity 2: Service L LCCATRIANG(1,2,3) -0.11 0.00 0.07 -0.08 -0.11 0.00 0.07 -0.08
Alternative 3: Activity 2: Service L LCCATRIANG(15,20,25) -0.07 0.08 -0.02 -0.02 -0.07 0.08 -0.02 -0.02
Alternative 4: Activity 2: Service L LCCATRIANG(6,6,8) 0.57 0.14 0.03 0.02 0.57 0.14 0.03 0.02
Alternative 5: Activity 2: Service L LCCATRIANG(25,30,35) 0.30 0.08 -0.28 -0.46 0.30 0.08 -0.28 -0.46

Input Variable Alternative 1: Agency Cost Alternative 1: User Cost
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SIMULATION OUTPUT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PAVEMENT LCCA RESULTS 

 

 

Statistics

LCCAOutput:
Alternative 
1: Agency 

Cost

LCCAOutput:
Alternative 

1: User Cost

LCCAOutput
:Alternative 
2: Agency 

Cost

LCCAOutput
:Alternative 
2: User Cost

LCCAOutput
:Alternative 
3: Agency 

Cost

LCCAOutpu
t:Alternative 

3: User 
Cost

Probability Function
Minimum $408.66 $0.00 $455.56 $0.00 $371.45 $0.00
Maximum $2,164.02 $0.00 $2,215.59 $0.00 $3,067.49 $0.00
Mean $741.81 $0.00 $806.63 $0.00 $979.54 $0.00
Median $495.19 $0.00 $557.84 $0.00 $842.96 $0.00
Standard Deviation $414.33 $0.00 $427.91 $0.00 $518.40 $0.00
Percentile (5%) $425.12 $0.00 $482.63 $0.00 $412.15 $0.00
Percentile (10%) $431.22 $0.00 $488.23 $0.00 $428.70 $0.00
Percentile (90%) $1,412.54 $0.00 $1,521.90 $0.00 $1,733.18 $0.00
Percentile (95%) $1,647.93 $0.00 $1,734.60 $0.00 $1,980.51 $0.00

Iteration 1 $608.58 $0.00 $2,215.59 $0.00 $662.11 $0.00
2 $1,327.23 $0.00 $877.60 $0.00 $540.96 $0.00
3 $924.45 $0.00 $590.15 $0.00 $1,012.94 $0.00
4 $413.46 $0.00 $720.77 $0.00 $816.52 $0.00
5 $476.86 $0.00 $1,783.80 $0.00 $703.60 $0.00
6 $1,147.69 $0.00 $487.28 $0.00 $1,662.16 $0.00
7 $451.26 $0.00 $562.08 $0.00 $1,485.15 $0.00
8 $1,789.60 $0.00 $1,542.13 $0.00 $812.27 $0.00
9 $797.38 $0.00 $475.61 $0.00 $595.76 $0.00

10 $1,540.23 $0.00 $560.27 $0.00 $632.49 $0.00

FDR/Reconstruct Mill�OL WorstͲFirst

Undiscounted�Sum $766,261 $984,441 $1,988,023

Net�Present�Value�(NPV) $386,180 $409,698 $976,317

Equivalent�Uniform�Annual�Cost�(EUAC) $10,864 $11,526 $27,466

%�of�initial�cost 111% 142% 287%

Mean�Net�Present�value�(NPV) $375,668 $392,754 $635,313

Standard�Deviation $34,609 $33,862 $314,516

Note:�All�costs�in�$/laneͲmi

�������������Initial�costs�not�included�in�analysis

Deterministic�Analysis

Probabilistic�Analysis
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BRIDGE MODEL* 
BRIDGE DECK INPUTS 

 

 

  

Life�cycle�cost�inputs�Ͳ�Bridge�decks

General Good Satis Fair Poor Total MnDOT�Modified

Number�of�bridges 1029 283 74 15 1401 Deck�area 26.203 million�sq.ft
Health�index�weight 100 80 50 0 Joint�quantity 535398 LF

Discount�rate 2.2% Rail�quantity 1118213 LF

Deterioration�model�Ͳ�without�preservation Deterioration�model�Ͳ�with�preservation
Years Good Satis Fair Poor Years Good Satis Fair Poor

Good 18 96.2% 3.8% 0.0% 0.0% Good 22.5 97.0% 3.0% 0.0% 0.0%

Satis 5 87.1% 12.9% 0.0% Satis 7.5 91.2% 8.8% 0.0%

Fair 5 87.1% 12.9% Fair 7.5 91.2% 8.8%

Poor ͲͲ 100% Poor ͲͲ 100%

Routine�maintenance %�bridges�acted�upon�in�a�year Real�9
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Good Satis Fair� Poor Totals

Inspection Bridge 1111 0 0.0 60% 60% 60% 60% 0.0 617.4 169.8 44.4 9 840.6 4500�state�bridges�over�10�ft�(including�culverts)
Flushing Bridge 500 0 0.0 75% 75% 75% 75% 0.0 771.75 212.25 55.5 11.25 1050.8 350.25 560.4 375.5

Joint�sealing LF 4 382 1.5 13% 13% 13% 0.3 128.63 35.375 9.25 0 173.25 175.13 12.50% (8�year�cycle)
Deck�sealing SF 2 18703 37.4 14% 14% 14% 7.3 144.06 39.62 10.36 0 194.04 200.34 14.30% (7�year�cycle
Crack�Sealing LF 3 500 1.5 20% 20% 20% 0.4 205.8 56.6 14.8 0 277.2 280.2 20% (5�year�cycle)
Annual�cost�per�bridge�Ͳ�no�preservation�($k) 0.0 0.0 0.0 0.0 0.0

Annual�cost�per�bridge�Ͳ�preservation�scenario�($k) 5.7 5.7 5.7 0.0 7.9

Corrective�action %�bridges�acted�upon�in�a�year Real�9 Percent�improved
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Effect Good Satis Fair Poor Satis Fair Poor Totals From�Maint�Total 0.3111
Joint�repair�(patch) SF 100 382 38.2 1% 2% 0.2 0.3 0.0% 0.3% 0.6% 0.0% 2.83 1.48 0 4.31 11.75 3.525

Gland�Repair/Replace LF 250 382 1% 5% 0.0 0.5 0.0% 0.5% 2.5% 0.0% 2.83 3.7 0 6.53 0

Deck�repair SF 30 561 16.8 2% 35% 15% 0.6 0.5 0.0% 1.0% 17.5% 7.5% 5.66 25.9 2.25 33.81 130 39 0.0241

Overlay Each 7 18703 130.9 0% 5% 2% 0.5 0.8 0.0% 0.0% 4.0% 1.6% 0 3.7 0.3 4 7 2.1

Rail�repair/replace Bridge 160 798 127.7 1% 5% 0.8 0.2 0.0% 0.2% 1.0% 0.0% 2.83 3.7 0 6.53 22.5 6.75

Total�percent�acted�upon 0% 5% 52% 17% 14.15 38.48 2.55 55.18

Annual�cost�per�bridge�($k) 0.0 2.0 19.6 5.1 2.1 0.0% 2.0% 25.6% 9.1%

Approximate�interval�(years) 25.4

Rehab/replacement %�bridges�acted�upon�in�a�year Real�9 Resulting�condition
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Good Satis Fair Poor

Redeck SF 60 18703 1122.2 5% 0.8 100%

Replace�Structure SF 145 0 0.0 20% 0.0 100%

Total�percent�acted�upon 0% 0% 0% 25%

Annual�cost�per�bridge�($k) 0.0 0.0 0.0 56.1 0.8 100.0% 0.0%

42% 0.0222

0.0107

Comments:

1. ModifiedBridge�Counts,�Deck�Area,�Joint�Qty�and�Rail�Qty�based�on�
Thomas'�email�from�8/14
2. AddedCrack�Sealing�to�Routine�Maintenance

3.�Added�Gland�Repair/Replace�to�Corrective�Action
4.�Added�Redeck�to�Rehab/Replacement

5.�Modified�percentages�based�on�maintenance�data�and�typical�
frequencies

6.�Modified�deck�repair�unit/bridge�based�on�bridge�maintenance�
supervisor�input

*The Hydraulic Infrastructure (highway culverts and deep stormwater tunnels) model included the same format spreadsheets. 



CHAPTER 6 LIFE-CYCLE COST CONSIDERATIONS: SUPPLEMENTAL INFORMATION    PAGE   80 
  

BRIDGE SUPERSTRUCTURE INPUTS 

  

Life�cycle�cost�inputs�Ͳ�Bridge�superstructures
General Good Satis Fair Poor Total

Number�of�bridges 1047 272 65 17 1401 Deck�area 26.116 million�sq.ft MnDOT�Modified

Health�index�weight 100 80 50 0 Bearing�count 37,266

Discount�rate 2.2%

Deterioration�model�Ͳ�without�preservation Deterioration�model�Ͳ�with�preservation
Years Good Satis Fair Poor Years Good Satis Fair Poor

Good 30 97.7% 2.3% 0.0% 0.0% Good 45 98.5% 1.5% 0.0% 0.0%

Satis 10 93.3% 6.7% 0.0% Satis 15 95.5% 4.5% 0.0%

Fair 10 93.3% 6.7% Fair 20 96.6% 3.4%

Poor ͲͲ 100% Poor ͲͲ 100%

Routine�maintenance %�bridges�acted�upon�in�a�year Real�9
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Good Satisfactory Fair Poor Totals

Inspection Bridge 1111 1 1.1 60% 60% 60% 60% 0.9 628.2 163.2 39 10.2 840.6 602Ͳ752
Flushing Bridge 500 1 0.5 75% 75% 75% 75% 0.5 785.25 204 48.75 12.75 1050.8

Lube�bearings Each 1000 27 26.6 0% 0% 0% 0.0 1.047 0.544 0 0 1.591 6 1.8

Annual�cost�per�bridge�Ͳ�no�preservation�($k) 0.7 0.7 0.7 0.7 0.9 2%

Annual�cost�per�bridge�Ͳ�preservation�scenario�($k) 1.1 1.1 1.0 1.0 1.5

Corrective�action %�bridges�acted�upon�in�a�year Real�9 Percent�improved
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Effect Good Satis Fair Poor Good Satis Fair Poor Totals From�Maint�Data
Spot�Painting SF 13 1500 19.5 2% 5% 0.2 0.7 0.0% 1.4% 3.5% 0.0% 0 5.44 3.25 0 8.69 33 9.9

Full�Painting SF 14 27961 377.5 3% 5% 4.3 1 0.0% 3.0% 5.0% 0.0% 0 8.16 3.25 0 11.41 13

Patching SF 100 300 30.0 1% 3% 5% 0.2 0.5 0.0% 0.5% 1.5% 2.5% 0 2.72 1.95 0.85 5.52 16 4.8

Repair/repl�bearings Each 1750 27 46.5 5% 0.0 0.6 0.0% 0.0% 0.0% 3.0% 0 0 0 0.85 0.85 3 0.9

Repair�steel Bridge 50000 1 50.0 2% 5% 0.1 0.3 0.0% 0.0% 0.6% 1.5% 0 0 1.3 0.85 2.15 7 2.1

Total�percent�acted�upon 0% 6% 15% 15% 0 16.32 9.75 2.55 28.62

Annual�cost�per�bridge�($k) 0.0 12.0 21.7 6.3 4.8 0.0% 4.9% 10.6% 7.0% 0.0204

Approximate�interval�(years) 49.0

Rehab/replacement %�bridges�acted�upon�in�a�year Real�9 Resulting�condition
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Good Satis Fair Poor Poor

Replace�elements Bridge 100000 1 100.0 1% 0.0 90% 10% 0.085

Replace�structure SF 145 18641 2702.9 20% 9.2 100% 3.4

Total�percent�acted�upon 0% 0% 0% 21%

Annual�cost�per�bridge�($k) 0.0 0.0 0.0 541.1 9.2 99.8% 0.2%

36%

Comments:

1. ModifiedBridge�Counts,�Deck�Area,�Joint�Qty�and�Rail�Qty�based�
on�Thomas'�email�from�8/14
2.�Added�Full�Painting�to�list�of�corrective�action
3.�Modified�percentages�based�on�maintenance�data,�contract�data�
and�typical�frequencies
4.�Modified�Painting�and�Patching�Unit/Br�based�on�bridge�
maintenance�supervisor�input
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BRIDGE SUPERSTRUCTURE INPUTS 

  

Life�cycle�cost�inputs�Ͳ�Bridge�substructures
General Good Satis Fair Poor Total MnDOT�Modified

Number�of�bridges 1061 271 62 9 1403 Deck�area 26.222 million�sq.ft
Health�index�weight 100 80 50 0

Discount�rate 2.2%

Deterioration�model�Ͳ�without�preservation Deterioration�model�Ͳ�with�preservation
Years Good Satis Fair Poor Years Good Satis Fair Poor

Good 30 97.7% 2.3% 0.0% 0.0% Good 45 98.5% 1.5% 0.0% 0.0%

Satis 10 93.3% 6.7% 0.0% Satis 15 95.5% 4.5% 0.0%

Fair 10 93.3% 6.7% Fair 20 96.6% 3.4%

Poor ͲͲ 100% Poor ͲͲ 100%

Routine�maintenance %�bridges�acted�upon�in�a�year Real�9
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr

Inspection Bridge 1111 0 0.0 60% 60% 60% 60% 0.0

Flushing Bridge 500 0 0.0 75% 75% 75% 75% 0.0

Not�used Each 0 1 0.0 0.0

Annual�cost�per�bridge�Ͳ�no�preservation�($k) 0.0 0.0 0.0 0.0 0.0

Annual�cost�per�bridge�Ͳ�preservation�scenario�($k) 0.0 0.0 0.0 0.0 0.0

Corrective�action %�bridges�acted�upon�in�a�year Real�9 Percent�improved
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Effect Good Satis Fair Poor Good Satis Fair Poor Totals From�Maintenance�Data
Patching SF 100 561 56.1 10% 15% 0.4 0.5 0.0% 0.0% 5.0% 7.5% 0 0 6.2 1.35 7.55 29 8.7

Slope�paving�repair SF 20 1308 26.2 1% 1% 0.1 0.2 0.0% 0.1% 0.2% 0.0% 0 1.355 0.62 0 1.975 5 1.5

Erosion/Scour�Repair Each 25000 1 25.0 5% 5% 0.1 0.1 0.0% 0.0% 0.5% 0.5% 0 0 3.1 0.45 3.55 15 4.5

Not�used Each 0 1 0.0 0.0 0.0% 0.0% 0.0% 0.0% 0 0 0 0 0

Total�percent�acted�upon 0% 1% 16% 20% 0 1.355 9.92 1.8 13.075

Annual�cost�per�bridge�($k) 0.0 0.1 7.1 9.7 0.6 0.0% 0.1% 5.7% 8.0%

Approximate�interval�(years) 107.3

Rehab/replacement %�bridges�acted�upon�in�a�year Real�9 Resulting�condition
Treatment Units $/unit Unit/br $k/br Good Satis Fair Poor $M/yr Good Satis Fair Poor Poor

Replace�elements Bridge 100000 1 100.0 1% 0.0 90% 10% 0.045

Replace�structure SF 145 0 0.0 20% 0.0 100% 1.8

Total�percent�acted�upon 0% 0% 0% 21%

Annual�cost�per�bridge�($k) 0.0 0.0 0.0 0.5 0.0 99.8% 0.2%

41%

Comments:

1. ModifiedBridge�Counts,�Deck�Area,�Joint�Qty�and�Rail�Qty�based�
on�Thomas'�email�from�8/14
2.�Modified�action�title�"Scour�repair"�to�"Erosion/scour�repair".��
Modified�cost�because�there�may�be�smaller�projects�involved.
3.�Modified�percentages�based�on�maintenance�data,�contract�data�
and�typical�frequencies
4.�Modified�patching�and�slope�paving�repair�unit/br�based�on�bridge�
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BRIDGE DECK PROJECTIONS (20 OF 200 YEAR ANALYSIS) 

 

BRIDGE SUPERSTRUCTURE PROJECTIONS (20 OF 200 YEAR ANALYSIS) 

 

BRIDGE SUBSTRUCTURE PROJECTIONS (20 OF 200 YEAR ANALYSIS) 

  

Forecast�condition�and�cost�Ͳ�Bridge�superstructures
Pure�deterioration�Ͳ�no�maint Pure�deterioration�Ͳ�routine�maint WorstͲfirst�scenario ($M) WorstͲfirst�Ͳ�typical�bridge Preservation�scenario ($M) Preservation�Ͳ�typical�bridge

Year Good Satis Fair Poor Health Good Satis Fair Poor Health Good Satis Fair Poor Cost PV$ Good Satis Fair Poor Health Good Satis Fair Poor Cost PV$ Good Satis Fair Poor Health

0 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 0.93 0.93 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 1.50 1.50 1.000 0.000 0.000 0.000 100.0

1 0.977 0.023 0.000 0.000 99.54 0.985 0.015 0.000 0.000 99.69 0.977 0.023 0.000 0.000 0.93 0.91 0.977 0.023 0.000 0.000 99.54 0.985 0.015 0.000 0.000 1.75 1.72 0.985 0.015 0.000 0.000 99.69

2 0.955 0.044 0.002 0.000 99.05 0.970 0.030 0.001 0.000 99.37 0.955 0.044 0.002 0.000 0.93 0.89 0.955 0.044 0.002 0.000 99.05 0.970 0.029 0.001 0.000 2.00 1.92 0.970 0.030 0.001 0.000 99.37

3 0.933 0.063 0.004 0.000 98.52 0.955 0.043 0.002 0.000 99.03 0.933 0.063 0.004 0.000 1.01 0.95 0.933 0.063 0.004 0.000 98.52 0.957 0.041 0.002 0.000 2.26 2.12 0.955 0.043 0.002 0.000 99.03

4 0.912 0.080 0.008 0.000 97.96 0.940 0.056 0.004 0.000 98.68 0.912 0.080 0.008 0.000 1.22 1.12 0.912 0.080 0.008 0.000 97.96 0.944 0.052 0.003 0.000 2.53 2.32 0.940 0.056 0.004 0.000 98.68

5 0.891 0.095 0.013 0.001 97.35 0.926 0.068 0.006 0.000 98.31 0.891 0.095 0.013 0.001 1.58 1.41 0.891 0.095 0.013 0.001 97.35 0.933 0.062 0.005 0.000 2.82 2.53 0.926 0.068 0.006 0.000 98.31

6 0.871 0.109 0.019 0.002 96.71 0.912 0.079 0.009 0.000 97.93 0.871 0.109 0.019 0.002 2.11 1.85 0.871 0.109 0.019 0.002 96.71 0.921 0.071 0.007 0.000 3.12 2.74 0.912 0.079 0.009 0.000 97.93

7 0.851 0.122 0.025 0.003 96.03 0.898 0.089 0.012 0.001 97.53 0.851 0.122 0.025 0.002 2.81 2.41 0.851 0.122 0.025 0.003 96.03 0.911 0.080 0.009 0.000 3.43 2.95 0.898 0.089 0.012 0.001 97.53

8 0.831 0.133 0.031 0.005 95.32 0.884 0.099 0.016 0.001 97.11 0.832 0.133 0.031 0.004 3.67 3.08 0.831 0.133 0.031 0.005 95.32 0.901 0.087 0.011 0.001 3.76 3.16 0.884 0.099 0.016 0.001 97.11

9 0.812 0.143 0.038 0.007 94.56 0.871 0.108 0.020 0.002 96.68 0.814 0.143 0.038 0.005 4.69 3.85 0.812 0.143 0.038 0.007 94.56 0.891 0.094 0.014 0.001 4.09 3.36 0.871 0.108 0.020 0.002 96.68

10 0.794 0.152 0.045 0.009 93.78 0.857 0.116 0.024 0.002 96.23 0.796 0.152 0.045 0.006 5.84 4.70 0.794 0.152 0.045 0.009 93.78 0.883 0.101 0.016 0.001 4.42 3.56 0.857 0.116 0.024 0.002 96.23

11 0.776 0.160 0.052 0.012 92.96 0.844 0.124 0.029 0.003 95.77 0.780 0.160 0.052 0.008 7.12 5.60 0.776 0.160 0.052 0.012 92.96 0.874 0.106 0.018 0.001 4.75 3.74 0.844 0.124 0.029 0.003 95.77

12 0.758 0.167 0.059 0.016 92.11 0.831 0.131 0.033 0.004 95.30 0.763 0.167 0.059 0.010 8.50 6.55 0.758 0.167 0.059 0.016 92.11 0.866 0.112 0.020 0.001 5.08 3.92 0.831 0.131 0.033 0.004 95.30

13 0.741 0.173 0.067 0.020 91.23 0.819 0.138 0.038 0.005 94.81 0.748 0.173 0.067 0.012 9.96 7.51 0.741 0.173 0.067 0.020 91.23 0.859 0.117 0.022 0.002 5.41 4.08 0.819 0.138 0.038 0.005 94.81

14 0.724 0.178 0.074 0.024 90.32 0.806 0.144 0.043 0.007 94.31 0.733 0.179 0.074 0.014 11.49 8.47 0.724 0.178 0.074 0.024 90.32 0.852 0.122 0.024 0.002 5.73 4.23 0.806 0.144 0.043 0.007 94.31

15 0.707 0.183 0.081 0.029 89.39 0.794 0.150 0.048 0.008 93.79 0.720 0.184 0.081 0.016 13.07 9.43 0.707 0.183 0.081 0.029 89.39 0.845 0.126 0.027 0.002 6.05 4.36 0.794 0.150 0.048 0.008 93.79

16 0.691 0.187 0.088 0.035 88.42 0.782 0.156 0.053 0.010 93.26 0.706 0.188 0.088 0.018 14.68 10.37 0.691 0.187 0.088 0.035 88.42 0.839 0.130 0.028 0.002 6.35 4.48 0.782 0.156 0.053 0.010 93.26

17 0.675 0.190 0.094 0.040 87.44 0.770 0.161 0.058 0.012 92.72 0.694 0.191 0.094 0.020 16.32 11.27 0.675 0.190 0.094 0.040 87.44 0.833 0.134 0.030 0.003 6.65 4.59 0.770 0.161 0.058 0.012 92.72

18 0.660 0.193 0.101 0.047 86.43 0.758 0.165 0.064 0.013 92.17 0.682 0.194 0.101 0.022 17.95 12.14 0.660 0.193 0.101 0.047 86.43 0.827 0.138 0.032 0.003 6.93 4.68 0.758 0.165 0.064 0.013 92.17

19 0.645 0.195 0.107 0.054 85.41 0.746 0.169 0.069 0.016 91.61 0.671 0.197 0.107 0.025 19.59 12.95 0.645 0.195 0.107 0.054 85.41 0.822 0.141 0.034 0.003 7.20 4.76 0.746 0.169 0.069 0.016 91.61

20 0.630 0.197 0.113 0.061 84.37 0.735 0.173 0.074 0.018 91.03 0.661 0.199 0.113 0.027 21.20 13.72 0.630 0.197 0.113 0.061 84.37 0.817 0.144 0.036 0.003 7.47 4.83 0.735 0.173 0.074 0.018 91.03

Forecast�condition�and�cost�Ͳ�Bridge�decks
Pure�deterioration�Ͳ�no�maint Pure�deterioration�Ͳ�routine�maint WorstͲfirst�scenario ($M) WorstͲfirst�Ͳ�typical�bridge Preservation�scenario ($M) Preservation�Ͳ�typical�bridge

Year Good Satis Fair Poor Health Good Satis Fair Poor Health Good Satis Fair Poor Cost PV$ Good Satis Fair Poor Health Good Satis Fair Poor Cost PV$ Good Satis Fair Poor Health

0 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 0.00 0.00 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 8.02 8.02 1.000 0.000 0.000 0.000 100.0

1 0.962 0.038 0.000 0.000 99.24 0.970 0.030 0.000 0.000 99.39 0.962 0.038 0.000 0.000 0.00 0.00 0.962 0.038 0.000 0.000 99.24 0.970 0.030 0.000 0.000 8.11 7.94 0.970 0.030 0.000 0.000 99.39

2 0.926 0.069 0.005 0.000 98.37 0.940 0.057 0.003 0.000 98.72 0.926 0.069 0.005 0.000 0.00 0.00 0.926 0.069 0.005 0.000 98.37 0.941 0.057 0.003 0.000 8.25 7.90 0.940 0.057 0.003 0.000 98.72

3 0.891 0.095 0.013 0.001 97.37 0.912 0.081 0.007 0.000 97.99 0.891 0.095 0.013 0.001 0.05 0.05 0.891 0.095 0.013 0.001 97.37 0.913 0.080 0.007 0.000 8.44 7.91 0.912 0.081 0.007 0.000 97.99

4 0.857 0.117 0.024 0.002 96.24 0.884 0.101 0.014 0.001 97.19 0.857 0.117 0.024 0.002 0.17 0.16 0.857 0.117 0.024 0.002 96.24 0.887 0.101 0.011 0.001 8.66 7.94 0.884 0.101 0.014 0.001 97.19

5 0.825 0.134 0.036 0.005 94.99 0.857 0.119 0.022 0.002 96.33 0.826 0.134 0.036 0.005 0.37 0.33 0.825 0.134 0.036 0.005 94.99 0.863 0.120 0.017 0.001 8.90 7.98 0.857 0.119 0.022 0.002 96.33

6 0.794 0.148 0.049 0.010 93.61 0.831 0.135 0.030 0.004 95.40 0.796 0.148 0.049 0.008 0.64 0.56 0.794 0.148 0.049 0.010 93.61 0.839 0.137 0.022 0.002 9.15 8.03 0.831 0.135 0.030 0.004 95.40

7 0.764 0.159 0.061 0.016 92.13 0.806 0.148 0.039 0.007 94.40 0.768 0.159 0.061 0.012 0.98 0.84 0.764 0.159 0.061 0.016 92.13 0.817 0.154 0.027 0.003 9.39 8.07 0.806 0.148 0.039 0.007 94.40

8 0.735 0.167 0.074 0.024 90.54 0.782 0.159 0.049 0.010 93.35 0.742 0.167 0.074 0.017 1.36 1.14 0.735 0.167 0.074 0.024 90.54 0.796 0.169 0.032 0.003 9.64 8.10 0.782 0.159 0.049 0.010 93.35

9 0.707 0.173 0.086 0.034 88.85 0.758 0.169 0.059 0.015 92.23 0.718 0.173 0.086 0.023 1.77 1.46 0.707 0.173 0.086 0.034 88.85 0.776 0.183 0.036 0.004 9.88 8.12 0.758 0.169 0.059 0.015 92.23

10 0.680 0.177 0.097 0.045 87.09 0.735 0.177 0.068 0.020 91.07 0.696 0.178 0.097 0.028 2.20 1.77 0.680 0.177 0.097 0.045 87.09 0.757 0.197 0.041 0.005 10.11 8.13 0.735 0.177 0.068 0.020 91.07

11 0.655 0.180 0.108 0.058 85.26 0.713 0.184 0.078 0.026 89.85 0.677 0.181 0.108 0.034 2.64 2.08 0.655 0.180 0.108 0.058 85.26 0.739 0.209 0.045 0.006 10.33 8.13 0.713 0.184 0.078 0.026 89.85

12 0.630 0.182 0.117 0.072 83.37 0.691 0.189 0.087 0.033 88.59 0.660 0.184 0.117 0.039 3.08 2.37 0.630 0.182 0.117 0.072 83.37 0.723 0.221 0.049 0.007 10.54 8.12 0.691 0.189 0.087 0.033 88.59

13 0.606 0.182 0.125 0.087 81.43 0.670 0.193 0.096 0.040 87.28 0.645 0.185 0.126 0.045 3.50 2.64 0.606 0.182 0.125 0.087 81.43 0.707 0.232 0.053 0.008 10.75 8.10 0.670 0.193 0.096 0.040 87.28

14 0.583 0.181 0.133 0.103 79.45 0.650 0.197 0.105 0.049 85.94 0.632 0.185 0.134 0.050 3.91 2.88 0.583 0.181 0.133 0.103 79.45 0.692 0.242 0.057 0.009 10.94 8.07 0.650 0.197 0.105 0.049 85.94

15 0.561 0.180 0.139 0.120 77.45 0.630 0.199 0.113 0.058 84.56 0.620 0.185 0.140 0.055 4.29 3.10 0.561 0.180 0.139 0.120 77.45 0.678 0.252 0.060 0.009 11.12 8.02 0.630 0.199 0.113 0.058 84.56

16 0.540 0.178 0.144 0.138 75.43 0.611 0.200 0.121 0.068 83.15 0.610 0.185 0.146 0.059 4.64 3.28 0.540 0.178 0.144 0.138 75.43 0.665 0.261 0.064 0.010 11.29 7.97 0.611 0.200 0.121 0.068 83.15

17 0.520 0.175 0.149 0.157 73.40 0.592 0.201 0.128 0.079 81.72 0.602 0.184 0.151 0.063 4.97 3.43 0.520 0.175 0.149 0.157 73.40 0.653 0.270 0.067 0.011 11.46 7.91 0.592 0.201 0.128 0.079 81.72

18 0.500 0.172 0.152 0.176 71.36 0.574 0.202 0.134 0.090 80.26 0.595 0.183 0.155 0.067 5.26 3.56 0.500 0.172 0.152 0.176 71.36 0.641 0.278 0.070 0.012 11.61 7.85 0.574 0.202 0.134 0.090 80.26

19 0.481 0.169 0.155 0.196 69.33 0.557 0.201 0.140 0.102 78.79 0.589 0.181 0.159 0.070 5.53 3.66 0.481 0.169 0.155 0.196 69.33 0.630 0.286 0.072 0.012 11.76 7.77 0.557 0.201 0.140 0.102 78.79

20 0.463 0.165 0.156 0.216 67.32 0.540 0.200 0.145 0.114 77.30 0.585 0.180 0.162 0.073 5.76 3.73 0.463 0.165 0.156 0.216 67.32 0.620 0.293 0.075 0.013 11.89 7.70 0.540 0.200 0.145 0.114 77.30

Forecast�condition�and�cost�Ͳ�Bridge�substructures
Pure�deterioration�Ͳ�no�maint Pure�deterioration�Ͳ�routine�maint WorstͲfirst�scenario ($M) WorstͲfirst�Ͳ�typical�bridge Preservation�scenario ($M) Preservation�Ͳ�typical�bridge

Year Good Satis Fair Poor Health Good Satis Fair Poor Health Good Satis Fair Poor Cost PV$ Good Satis Fair Poor Health Good Satis Fair Poor Cost PV$ Good Satis Fair Poor Health

0 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 0.00 0.00 1.000 0.000 0.000 0.000 100.0 1.000 0.000 0.000 0.000 0.00 0.00 1.000 0.000 0.000 0.000 100.0

1 0.977 0.023 0.000 0.000 99.54 0.985 0.015 0.000 0.000 99.69 0.977 0.023 0.000 0.000 0.00 0.00 0.977 0.023 0.000 0.000 99.54 0.985 0.015 0.000 0.000 0.00 0.00 0.985 0.015 0.000 0.000 99.69

2 0.955 0.044 0.002 0.000 99.05 0.970 0.030 0.001 0.000 99.37 0.955 0.044 0.002 0.000 0.00 0.00 0.955 0.044 0.002 0.000 99.05 0.970 0.030 0.001 0.000 0.01 0.01 0.970 0.030 0.001 0.000 99.37

3 0.933 0.063 0.004 0.000 98.52 0.955 0.043 0.002 0.000 99.03 0.933 0.063 0.004 0.000 0.00 0.00 0.933 0.063 0.004 0.000 98.52 0.955 0.043 0.002 0.000 0.03 0.03 0.955 0.043 0.002 0.000 99.03

4 0.912 0.080 0.008 0.000 97.96 0.940 0.056 0.004 0.000 98.68 0.912 0.080 0.008 0.000 0.00 0.00 0.912 0.080 0.008 0.000 97.96 0.940 0.056 0.004 0.000 0.05 0.04 0.940 0.056 0.004 0.000 98.68

5 0.891 0.095 0.013 0.001 97.35 0.926 0.068 0.006 0.000 98.31 0.891 0.095 0.013 0.001 0.00 0.00 0.891 0.095 0.013 0.001 97.35 0.926 0.068 0.006 0.000 0.07 0.07 0.926 0.068 0.006 0.000 98.31

6 0.871 0.109 0.019 0.002 96.71 0.912 0.079 0.009 0.000 97.93 0.871 0.109 0.019 0.002 0.00 0.00 0.871 0.109 0.019 0.002 96.71 0.912 0.079 0.008 0.000 0.10 0.09 0.912 0.079 0.009 0.000 97.93

7 0.851 0.122 0.025 0.003 96.03 0.898 0.089 0.012 0.001 97.53 0.851 0.122 0.025 0.002 0.00 0.00 0.851 0.122 0.025 0.003 96.03 0.898 0.090 0.011 0.000 0.14 0.12 0.898 0.089 0.012 0.001 97.53

8 0.831 0.133 0.031 0.005 95.32 0.884 0.099 0.016 0.001 97.11 0.832 0.133 0.031 0.004 0.00 0.00 0.831 0.133 0.031 0.005 95.32 0.885 0.100 0.014 0.001 0.17 0.15 0.884 0.099 0.016 0.001 97.11

9 0.812 0.143 0.038 0.007 94.56 0.871 0.108 0.020 0.002 96.68 0.814 0.143 0.038 0.005 0.00 0.00 0.812 0.143 0.038 0.007 94.56 0.871 0.110 0.018 0.001 0.21 0.17 0.871 0.108 0.020 0.002 96.68

10 0.794 0.152 0.045 0.009 93.78 0.857 0.116 0.024 0.002 96.23 0.796 0.152 0.045 0.006 0.00 0.00 0.794 0.152 0.045 0.009 93.78 0.858 0.119 0.021 0.001 0.25 0.20 0.857 0.116 0.024 0.002 96.23

11 0.776 0.160 0.052 0.012 92.96 0.844 0.124 0.029 0.003 95.77 0.780 0.160 0.052 0.008 0.01 0.00 0.776 0.160 0.052 0.012 92.96 0.846 0.128 0.025 0.002 0.29 0.23 0.844 0.124 0.029 0.003 95.77

12 0.758 0.167 0.059 0.016 92.11 0.831 0.131 0.033 0.004 95.30 0.763 0.167 0.059 0.010 0.01 0.01 0.758 0.167 0.059 0.016 92.11 0.833 0.136 0.028 0.002 0.34 0.26 0.831 0.131 0.033 0.004 95.30

13 0.741 0.173 0.067 0.020 91.23 0.819 0.138 0.038 0.005 94.81 0.748 0.173 0.067 0.012 0.01 0.01 0.741 0.173 0.067 0.020 91.23 0.821 0.145 0.032 0.002 0.38 0.29 0.819 0.138 0.038 0.005 94.81

14 0.724 0.178 0.074 0.024 90.32 0.806 0.144 0.043 0.007 94.31 0.733 0.179 0.074 0.014 0.01 0.01 0.724 0.178 0.074 0.024 90.32 0.809 0.152 0.036 0.003 0.43 0.31 0.806 0.144 0.043 0.007 94.31

15 0.707 0.183 0.081 0.029 89.39 0.794 0.150 0.048 0.008 93.79 0.720 0.184 0.081 0.016 0.01 0.01 0.707 0.183 0.081 0.029 89.39 0.797 0.160 0.040 0.003 0.47 0.34 0.794 0.150 0.048 0.008 93.79

16 0.691 0.187 0.088 0.035 88.42 0.782 0.156 0.053 0.010 93.26 0.706 0.188 0.088 0.018 0.01 0.01 0.691 0.187 0.088 0.035 88.42 0.786 0.167 0.044 0.003 0.52 0.37 0.782 0.156 0.053 0.010 93.26

17 0.675 0.190 0.094 0.040 87.44 0.770 0.161 0.058 0.012 92.72 0.694 0.191 0.094 0.020 0.01 0.01 0.675 0.190 0.094 0.040 87.44 0.775 0.174 0.048 0.004 0.56 0.39 0.770 0.161 0.058 0.012 92.72

18 0.660 0.193 0.101 0.047 86.43 0.758 0.165 0.064 0.013 92.17 0.682 0.194 0.101 0.022 0.02 0.01 0.660 0.193 0.101 0.047 86.43 0.764 0.180 0.052 0.004 0.61 0.41 0.758 0.165 0.064 0.013 92.17

19 0.645 0.195 0.107 0.054 85.41 0.746 0.169 0.069 0.016 91.61 0.671 0.197 0.107 0.025 0.02 0.01 0.645 0.195 0.107 0.054 85.41 0.753 0.186 0.055 0.005 0.66 0.43 0.746 0.169 0.069 0.016 91.61

20 0.630 0.197 0.113 0.061 84.37 0.735 0.173 0.074 0.018 91.03 0.661 0.199 0.113 0.027 0.02 0.01 0.630 0.197 0.113 0.061 84.37 0.743 0.193 0.059 0.005 0.70 0.45 0.735 0.173 0.074 0.018 91.03
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BRIDGE LCCA RESULTS 

 

Typical Worst�First
Undiscounted�Sum 4,307,399 9,890,119

Net�Present�Value�(NPV) 801,887 1,803,674

Equivalent�Uniform�Annual�Cost�(EUAC) 17,872 40,198

%�of�initial�cost 159% 365%

Typical Worst�First
Undiscounted�Sum 1,599,110 6,088,156

Net�Present�Value�(NPV) 277,749 962,546

Equivalent�Uniform�Annual�Cost�(EUAC) 6,190 21,452

%�of�initial�cost 59% 225%

Typical Worst�First
Undiscounted�Sum 2,555,022 6,103,786

Net�Present�Value�(NPV) 347,826 964,992

Equivalent�Uniform�Annual�Cost�(EUAC) 7,752 21,507

%�of�initial�cost 94% 225%

Note:�All�costs�in�$/bridge
�������������Initial�costs�not�included�in�analysis

Bridge�Decks

Bridge�Superstructures

Bridge�Substructures
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PERFORMANCE GAPS: SUPPLEMENTAL INFORMATION 
Overview 

Chapter 3 of the TAMP describes MnDOT’s business practices, performance measures, and targets used to monitor and report asset conditions, as 
well as the new target terminology used in the TAMP. Figure 3-1 summarizes these new key terms associated with targets, which now override the 
language used to describe performance outcomes in MnSHIP. Moving forward, MnDOT will use the term “target” to denote desired outcomes. The 
term “plan outcome” will be used to identify outcomes to which MnDOT is managing, while the term “expected outcome” will be used to demonstrate 
the results of predictive modeling performed using various analytical tools. 

Note: 
Chapter 7 of the TAMP contains all the necessary information pertaining to current and targeted performance levels. Hence, no additional 
information is provided in this chapter of the Technical Guide. 
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FINANCIAL PLAN AND INVESTMENT STRATEGIES:  
SUPPLEMENTAL INFORMATION 
Overview 

This chapter provides a description of the asset management investment strategies developed and how they were incorporated into the TAMP.   
While specific strategies were laid out for investments in pavement and bridge assets in the Minnesota State Highway Investment Plan (MnSHIP), 
the investment strategy for other ”Roadside Infrastructure” assets (including, but not limited to, highway culverts, deep stormwater tunnels, overhead 
sign structures and high-mast light tower structures) was generic and focused primarily on maintaining operable conditions at expected funding 
levels. MnSHIP does not explicitly break out the asset types within the Roadside Infrastructure investment category. Therefore, as a part of the 
TAMP development process, investment strategies for highway culverts, deep stormwater tunnels, overhead sign structures and high-mast light 
tower structures were examined more closely and tools were developed to estimate the level of investment needed to maintain these assets over the 
10-year period covered in the TAMP. 

Process 

This chapter includes brief descriptions of the investment strategies developed in MnSHIP and the Highway Systems Operations Plan (HSOP) and 
how they were incorporated into the TAMP. This is followed by a discussion on the process for developing investment strategies for highway 
culverts, overhead sign structures, and high-mast light tower structures. Finally, a summary is provided regarding the envisioned process changes 
for how future TAMPs will inform MnSHIP.  

INVESTMENT STRATEGIES 
As discussed in Chapter 2 of the TAMP, tradeoffs between investment levels, performance levels, and risks were evaluated as a part of the MnSHIP 
development process to understand and demonstrate the impact of a holistic investment decision methodology. Three approaches were considered 
during the MnSHIP scenario planning process: 

x Approach A: Focus on maintaining existing infrastructure on the entire system, leaving little-to-no ability to invest in local priorities and mobility. 

x Approach B (Adopted): Maintain an approach similar to MnDOT’s current priorities – emphasizing pavements, bridges, and safety – with some 
improvements in local priorities and mobility. 

x Approach C: Greater emphasis on mobility for all modes and addressing local concerns at priority locations, which will result in significant 
declines in infrastructure condition on most state highways. 
 

Considering two primary risks – (a) failure to implement federal policy set in MAP-21 and (b) failure to preserve the state’s bond rating by falling 
below the thresholds set in Government Accounting Standards Board Statement 34 (GASB 34) – the investment strategy adopted for the first 10 
years focused on maintaining a diverse mix of improvements to reduce overall life-cycle costs, as well as enhancing mobility and MnDOT’s ability to 
respond to evolving needs. The asset management investment strategy laid out in MnSHIP is summarized in Figure 8-1. 
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INVESTMENT CATEGORY 10-YEAR STRATEGY 

Asset 
Management 

Pavements 

x Maintain conditions on NHS pavements. 

x Allow non-NHS pavements to deteriorate to a slightly lower condition, while maintaining safe 
conditions for the traveling public. 

x Use low-cost maintenance and preservation strategies. 
x Use performance-based design to select projects that address pavement and safety needs. 
x Alternate bidding and contracting mechanisms to determine the most cost-effective solutions. 
x Research/evaluate innovative materials and construction techniques. 

Bridges 

x Maintain condition of NHS bridges. 

x Allow non-NHS bridges to deteriorate to a slightly lower condition, while keeping them safe 
and operable to the traveling public. 

x Invest in state highway bridges at optimum points in their life- cycles to ensure safety and 
structural health. 

x Conduct bridge inspections to ensure timely application of maintenance and capital 
improvements. 

x Apply appropriate measures to ensure bridges achieve or exceed their intended service 
lives. 

Roadside 
Infrastructure 

x Maintain culverts, signals, sign structures, sign panels, lighting structures, rest areas, 
barriers, and retaining walls in safe operable conditions with the understanding that their 
general conditions are expected to deteriorate with current expected funding levels. 

 

In addition to the capital investment strategies outlined in MnSHIP, HSOP provides a framework for managing key operations and maintenance 
activities throughout Minnesota and complements other strategic planning efforts, such as MnDOT’s District Highway Investment Plans, which focus 
on capital infrastructure needs. Specific maintenance/operations strategies to address a host of critical issues faced by MnDOT – ranging from aging 
infrastructure to increased responsibilities (as a result of state and federal mandates) to declining staff levels – are discussed in detail in HSOP (and 
summarized in Chapter 2 of the TAMP). 

The strategies laid out in MnSHIP and HSOP are carried forward in MnDOT’s TAMP. Moving forward, future TAMPs are expected to inform MnSHIP 
updates and streamline the investment planning process (discussed later). 

ASSET INVESTMENT STRATEGIES PRESENTED IN THE TAMP 

The specific investment strategies adopted for the asset categories discussed in the TAMP are summarized below. 

PAVEMENTS 

After performance targets were established for pavements (see Chapter 3 of the TAMP), investment levels and strategies to achieve those targets 
were developed using MnDOT’s Highway Pavement Management Application (HPMA) by modeling performance-constrained scenarios. Because 
this effort was already completed as a part of the MnSHIP process, the results were carried forward and adopted in the TAMP.  

BRIDGES 

After performance targets were established for bridges (see Chapter 3 of the TAMP),  investment levels and strategies to achieve those targets were 
developed using MnDOT’s Pontis bridge management system, for bridge inventory and condition data, and MnDOT’s Bridge Replacement and 

Figure 8-1: MnSHIP Investment Strategies   
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Improvement Management System (BRIM), for prioritizing projects and developing network-level cost estimates. This effort, too, was already 
completed as a part of the MnSHIP process, and these results were also carried forward and adopted in the TAMP.  

HIGHWAY CULVERTS AND DEEP STORMWATER TUNNELS (HYDRAULIC INFRASTRUCTURE) 

As discussed in the TAMP, MnSHIP does not explicitly break out the asset categories within the Roadside Infrastructure investment category, but 
highway culverts and deep stormwater tunnel needs are provided for in the investment plan. Costs specific to culvert and stormwater tunnel needs 
were obtained from the MnSHIP investment planning team for reporting in the TAMP. 

MnDOT recognizes that fixing hydraulic assets in Very Poor condition (HydInfra Condition Level 4) is more expensive than repairing them before 
they have reached this condition; cheaper treatments are not feasible when assets deteriorate to a Very Poor condition. Therefore, and due to the 
high cost and risk of catastrophic failure associated with these assets, MnDOT has adopted a preventive maintenance strategy of applying 
treatments to culverts and tunnels before they reach a condition of Very Poor.   

A spreadsheet-based repair projection model was developed by MnDOT to estimate the repair needs for highway culverts over the 10-year TAMP 
planning horizon. The projections make some general assumptions: 

x Culverts degrading to a Very Poor condition were previously one level better (HydInfra Condition Level 3: Poor) and any fixes applied to culverts 
in Very Poor and Poor conditions restore the conditions to an Excellent (HydInfra Condition Level 1) or a Fair (HydInfra Condition Level 2) level.  

x No new culverts are built over the next 10 years and none of the existing culverts are taken out of service. 

x The oldest pipes are fixed first. 

Using the assumptions listed above and adopting a simple deterioration model, it was estimated that approximately 600 culverts in Very Poor 
condition would need to be repaired each year over the next 10 years to achieve the recommended performance targets. 

OVERHEAD SIGN STRUCTURES AND HIGH-MAST LIGHT TOWER STRUCTURES (OTHER TRAFFIC STRUCTURES) 

The investment strategy for overhead sign structures and high-mast light tower structures was developed using an approach that considers the 
fraction of structures in various condition levels and makes a balanced investment according to expert input from the Other Traffic Structures Work 
Group.  

Investment needs for these assets are based on inspection costs (which account for the bulk of the need) and assumptions about treatment needs 
over the next 10 years (based on discussions with the Work Group). A spreadsheet tool was developed to assist with determination of the 
investment needs. 

INVESTMENT PLANNING WORKSHOPS 

Two formal workshops were held to discuss the recommendations for investment strategies to be adopted as part of the TAMP: 

x Investment Planning Workshop #1 (November 2013): Preliminary recommendations for the investment strategies and performance targets 
were discussed during this workshop. Targets for pavements and bridges were tweaked based on discussions held during this meeting. The 
group (TAMP Steering Committee plus representatives from MnDOT’s senior leadership) also recognized that targets for highway culverts, 
deep stormwater tunnels, overhead sign structures, and high-mast light tower structures were largely based on expert opinion for this first 
TAMP, but that future TAMPs will work toward developing  objective and outcome-based targets. 

x Investment Planning Workshop #2 (January 2013): This workshop focused on finalizing the investment levels and performance targets that 
were incorporated into the TAMP. 

FUTURE PROCESS CHANGES 
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Because much of the investment planning process was already completed as a part of the MnSHIP process, the efforts were not duplicated for the 
TAMP. The results were validated, refined, and incorporated into the TAMP after approval by the Steering Committee. In order to establish a more 
streamlined process moving forward, the investment planning process will be conducted as a part of future TAMPs and the outcomes will serve as 
the basis for MnSHIP updates (for assets covered in the TAMP).  

MnDOT is also in the process of implementing management systems for asset categories beyond pavements and bridges. These systems, 
collectively referred to as Transportation Asset Management Systems (TAMS), will allow MnDOT to better manage roadside infrastructure through 
an objective, data-driven approach, which will also improve the development of investment strategies and targets. The first TAMS implementation will 
focus on traffic signals and lighting. 

Supporting Data and Documentation 

As discussed earlier, spreadsheet tools were developed to estimate the level of investment required for hydraulic infrastructure and other traffic 
structures over the 10-year planning horizon covered in the TAMP. Examples of these tools are included as attachments at the end of the chapter. 
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Attachments 

 Highway Culvert Target Methodology 

Pipes quantity per condition category with NO FIXING FIXES NEEDED OVER 10 YEARS

year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 condition 3 repairs for 10 years 2148
condition 1,2 39810 39260 38710 38160 37610 37060 36510 35960 35410 34860 34310 condition 3 repairs /year needed 215
condition 3 4739 4859 4979 5099 5219 5339 5459 5579 5699 5819 5939 condition 4 repairs for 10 years 5722
condition 4 2844 3274 3704 4134 4564 4994 5424 5854 6284 6714 7144 number of condition 4 repair /year needed 572

Total: 47393

TOTAL FIXES PER YEAR 787

Prevision to reach 10-year targets/Amount of pipes required in each condition category

year 0 year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 TARGET
condition 1,2 39810 40047 40284 40521 40758 40995 41232 41469 41706 41943 42180 42180
condition 3 4739 4645 4550 4455 4360 4265 4171 4076 3981 3886 3791 3791
condition 4 2844 2701 2559 2417 2275 2133 1991 1848 1706 1564 1422 1422

Total: 47393

CURRENT CONDITIONS % change over 10 years
cond 3 #REF!

2012 cond 4 #REF!
% Condition 4 0.06
% Condition 3 0.1
% Condition 1,2 0.84

Total culverts 47393
Amount of pipes becoming condition 4/year 430
Amount of pipes becoming condition 3/year 550

Percent
2022 target for condition 4 0.03
2022 target for condition 3 0.08

fixing capability /yr 430

Assumptions used for the previsions:

1 - We assume that the pipes degrading to condition 4 were previously 
condition 3 pipes. Similarly, pipes degrading to condition 3 were previously in 
condition 2.

2 - The prevision assumes that no extra pipes will be built and that no pipes will 
be taken away. We use a total of 47,393 pipes over the ten years.

3 - a fixed pipe returns to a condition 1 or 2 pipe.
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Highway Culvert Repair Projection Model
CONDITION 4 CULVERTS

? 1 2 3 4 5 6 7 8 9 10 count
0 2843
1 2271 430
2 1699 430 430 0 0 0 0 0 0 0 0
3 1127 430 430 430 0 0 0 0 0 0 0
4 555 430 430 430 430 0 0 0 0 0 0
5 0 430 430 430 430 413 0 0 0 0 0 17
6 0 430 430 430 430 271 0 0 0 0 0 159
7 0 430 430 430 430 129 0 0 0 0 0 301
8 0 430 430 430 417 0 0 0 0 0 0 443
9 0 430 430 430 275 0 0 0 0 0 0 155
10 0 430 430 430 133 0 0 0 0 0 0 297

Number of Condition 4 repair/year 572

Fix existing condition 4 5
Fix New condition 4
Added year 1 6

year 2 6
year 3 6
year 4 5
year 5 5
year 6 5
year 7 5
year 8 ?
year 9 ?
year 10 ?

AGE
YE

AR
S

ASSUMPTIONS

1 - The oldest pipes are always fixed first
2 - 572 pipes are repaired each year
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  Summary of Current Overhead Sign Structure Condition 

Overall 
Condition 

Rating
Description

SRF - Number of 
structures per 

rating 

Structures that have 
Maintenance work done and/or 
planned construction work will 

move from 2,3,4,5 to 6

7-2-13             
Structures per 

condition rating
% of total

New 
Totals

New 
Percentages

2 Critical 143 26 117 6% 42 1.78%
3 Serious 257 53 204 11% 147 6.22%
4 Poor 423 81 342 18% 137 5.80%
5 Fair 357 70 287 15% 376 15.91%
6 Satisfactory 200 49 430 23% 1595 67.50%
7 Good 32 2 32 2% 60 2.54%
8 Very Good 3 0 3 0% 6 0.25%

281 1415 2363 100.00%
230 moved to 6

CO Active Structures 1857
Retired per Metro 4
Not inspected 438
Condition Total 1415

Poor 36%      62% (414) of these have loose anchorages/nuts
Fair 15%
Good 25%

Based on inspected structures:
Poor 249 17.6% 77 326 13.8%
Fair 287 20.3% 89 376 15.9%
Good 879 62.1% 272 510 1661 70.3%
Totals 1415 438 2363

For structures not inspected, the most reasonable 
assumption would be to go with the Good/Fair/Poor 
distribution observed for the structures inspected. This can 
be revised in the Asset Register

Modified percentages after structures 
statewide have been included. All remaining 
510 structures are reported to be in 100% 
good condition.
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Summary of Overhead Sign Structures Investment History 
Metro 328
Total No. 475
Others 147

No. of 
Structures 
Inspected

No 
Maintenance

Routine 
Maintenance

Preventive 
Maintenance

Minor 
Rehabilitation

Major 
Rehabilitation

Replacement
No. of 

Structures 
Inspected

No 
Maintenance

Routine 
Maintenanc

e

Preventive 
Maintenance

Minor 
Rehabilitation

Major 
Rehabilitation

Replace
ment

No. of 
Structures 
Inspected

No 
Maintenance

Routine 
Maintenance

Preventive 
Maintenance

Minor 
Rehabilitatio

n

Major 
Rehabilitatio

n
Replacement

1  2012 149 120 22 NA 7  0  0 1  2012 103 83 15 NA 5  0  0 1  2012 46 37 7 NA 2  0  0
2  2011 301 203 59 NA 39  0  0 2  2011 208 140 41 NA 27  0  0 2  2011 93 63 18 NA 12  0  0
3  2010 49 26 19  NA 4  0  0 3  2010 34 18 13  NA 3  0  0 3  2010 15 8 6  NA 1  0  0
4  2009 310 256 54  NA 0  0  0 4  2009 214 177 37  NA 0  0  0 4  2009 96 79 17  NA 0  0  0
5  2007 55 30 25  NA 0  0  0 5  2007 38 21 17  NA 0  0  0 5  2007 17 9 8  NA 0  0  0
6  2005 142 101 12  NA 0  0  0 6  2005 98 70 8  NA 0  0  0 6  2005 44 31 4  NA 0  0  0
7  2003 155 155 0  NA 0  0  0 7  2003 107 107 0  NA 0  0  0 7  2003 48 48 0  NA 0  0  0
8 2001 181 181 0 NA 0 0 0 8 2001 125 125 0 NA 0 0 0 8 2001 56 56 0 NA 0 0 0

168 18.8% 17 116 18.8% 12 52 18.8% 5
97 67 30

265 183 82

Assumptions:
1. 183 Structures are inspected each year from 2014 - 2023 (10 year period), which gives a total of 1830 inspections.
2. Average inspection cost of $1000/structure.
3. Average Routine maintenance cost of $500/structure, 18.8% of structures inspected receive routine maintenance per year.
4. Average replacement cost of $40,000/structure, assuming 1 structure replaced per year over next 10 years.
5. Minor rehabilitation cost assumed to be $2000 per structure (value not provided by work group), 12 strucures assumed to receive minor rehab per year.

2650

10-Yr Number 10-Yr Cost
$1,000 2650 $2,650,006

$500 499 $249,749
$2,000 169 $337,907
$40,000 10 $400,000

Total $3,637,662

Assumptions:
1. Using a 5-year inspection cycle, assumed that 95 structures are inspected each each on an average.
2. Average inspection cost of $1000/structure.
3. Average Routine maintenance cost of $500/structure, 18.8% of structures inspected receive routine maintenance per year.
4. Average replacement cost of $40,000/structure, assuming 1 structure replaced per year over next 10 years.
5. Minor rehabilitation cost assumed to be $2000 per structure (value not provided by work group), 12 strucures assumed to receive minor rehab per year.

950

10-Yr Number 10-Yr Cost
$1,000 950 $950,000

$500 179 $89,532
$2,000 169 $337,907
$40,000 10 $400,000

Total $1,777,439

Std. Dev.
Average + SD

Total Statewide Figures (Based on Extrapolation of Metro Numbers Statewide) Other Structures Statewide (Extrapolated from Metro numbers)

Inspection 
Cycle

Year

No of Structures Requiring:

Avg. /yr

No of Structures Requiring:

Avg. /yr
Std. Dev.

Average + SD

Only Metro

Inspection 
Cycle

Year

No of Structures Requiring:

Replacement Cost (per strucutre)

Replacement Cost (per strucutre)
Minor Rehabilitation Cost (per structure)

Approach 2:

Total Inspections 10-yr inspections

Inspection Cost (per structure)

Total Inspections 10-yr inspections

Inspection Cost (per structure)
Routine Maintenance Cost (per structure)

Routine Maintenance Cost (per structure)
Minor Rehabilitation Cost (per structure)

Avg. /yr

Approach 1:

Std. Dev.
Average + SD

Inspection 
Cycle

Year
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IMPLEMENTATION AND FUTURE DEVELOPMENTS: 
SUPPLEMENTAL INFORMATION 
Overview 

This chapter describes a process to help MnDOT decide which assets to consider adding when it develops future TAMPs. A few asset management 
tools and techniques that MnDOT could potentially implement in the future are also discussed. 

Process  

This section describes a generic process that MnDOT can use to help identify future enhancements to the TAMP. For instance, it includes a process 
for identifying assets that can be added to future versions of the TAMP. It also includes information on the gap analysis technique used for evaluating 
current and desired practices and for identifying priorities for actions needed to achieve agency goals. Other performance metrics are also included 
that can be used to track the financial sustainability of MnDOT’s investments. 

INCORPORATING OTHER ASSETS IN THE TAMP 
Figure 9-1 depicts a process for evaluating the availability and maturity of data for a given asset category, to determine whether it can or needs to be 
included in the TAMP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 9-1: Process Used to Collect and Summarize Asset Data   
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RATING DESCRIPTION 

1 Readily available with minimum manipulation, well-established process, data verified and high-
confidence in system 

2 Intermediate availability, requires moderate level of manipulation to convert data to a usable format, 
efforts to improve systems in place 

3 Difficult to use data in current format/significant manipulations required, no management system but data 
tracked through spreadsheets, somewhat documented system 

4 Information not readily available/very little data available, no management system in place, complete lack 
or very little documentation on process 

5 Not available/unable to assess, No management system in place 

 
After the data availability and maturity assessments are made, the results should be organized into a matrix (similar to the one shown in Figure 9-3) 
for comparing the asset categories evaluated. 

 

ASSET 

RATING FOR: 

BASIC 
INVENTORY 

AND 
CONDITIONS 

PERFORMANCE 
GOALS AND, 

TARGETS 

TREATMENT 
STRATEGIES 
AND COSTS 

DETERIORATION 
RATES 

FINANCIAL 
DATA 

MANAGEMENT 
PLANNING, 

AND 
FORECASTING

Pavements 1 1 2 2 2 2 

Bridges 1 3 3 5 2 4 

ITS Assets 2 4 3 5 2 4 

Slopes 2 3 3 5 5 5 

Guard 

Rails, 

Barriers, 

Impact 

Attenuators 

3 5 3 5 5 4 

 
  

Figure 9-2: Rating Scale for Data Availability and Maturity Assessment   

Figure 9-3: Sample Data Availability and Maturity Level Assessment Summary   
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It should be noted that data availability and maturity cannot be the only driving factors for determination of the final list of assets that will be included 
in the TAMP; other factors to consider include: 

x Level of investment in the assets, including either financial investments or personnel time 
x Contribution to the agency’s risk levels 
x Reporting requirements, legislation, or mandates (e.g. MAP-21 requirements, EPA, GASB, and MnDOT internal requirements) 
x Departmental strategic priorities 
x Historical practices 
x The need to balance transportation partner needs and requests 
The final decision regarding the assets to be included should be conducted through a workshop facilitated by the Asset Management Steering 
Committee and involving members of the asset Work Groups and other MnDOT stakeholders. 

GAP ANALYSIS 

A gap analysis is a technique that provides an objective and structured process for evaluating current and desired practices and identifying priority 
actions needed to achieve agency goals. A gap analysis process typically includes a scoring system that allows an agency to rate a specific set of 
criteria (developed for a specific topic) in order to determine the maturity level for each component included in the assessment. 

A recent National Cooperative Highway Research Program project (NCHRP 08-90) resulted in the development of an updated gap analysis 
spreadsheet tool for asset management. The tool considers MAP-21 requirements and will help state transportation departments identify actions to 
include in their asset management improvement plans. The gap analysis tool (a) enables an objective assessment of agency practices; (b) 
introduces a framework for assessing gaps in legislated requirements or core capabilities; (c) provides a tool to facilitate data analysis; and (d) 
simplifies the analysis and reporting of this information. 

The final products from this study are expected to be available in the fall of 2014 through NCHRP1. Transportation agencies could potentially use the 
tool to identify, evaluate, and prioritize areas for improvement through a more structured and streamlined approach. 

OTHER PERFORMANCE METRICS 

A study published by the FHWA2 examines a host of proposed performance measures that are centered on an Asset Sustainability Index (ASI). The 
report defines ASI as a composite metric computed by dividing the amount budgeted on infrastructure maintenance and preservation3 over time by 
the amount needed to achieve a specific infrastructure target. Mathematically, it is: 

�
ܫܵܣ ൌ ݀݁ݐ݁݃݀ݑܤ�ݐ݊ݑ݉ܣ

݀݁݀݁݁ܰ�ݐ݊ݑ݉ܣ  

An ASI value of 1.0 is considered an ideal scenario when all the needs are accounted for. The ASI can be used in time-series plots to analyze long-
term trends, and can also be used as a combined metric to include all the assets being managed by an agency. Or, it can focus on a specific asset 
category or activity (e.g. pavements, bridges, maintenance) to develop a sustainability ratio metric specific to that asset/activity.  

Although the ASI is a relatively simple concept, time-series ASI data can be a very informative metric for long-term (and short-term) planning 
purposes. An example of how Asset Sustainability Indices can be used to visualize program needs is shown in Figure 9-4.  

  

                                                                 
1 NCHRP (2014). Transportation Asset Management Gap Analysis Tool (Web Link) 
2 FHWA (2012). Asset Sustainability Index: A Proposed Measure for Long-Term Performance (Web Link) 
3 The terms “maintenance” and “preservation” are generically used to include routine, reactive, preventive, rehabilitative, and even replacement activities that contribute to the 
achievement of an infrastructure condition target. 
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Each asset/program has its own sustainability index, which can be then be aggregated into an overall ASI for the agency. The agency can then 
analyze the specific asset(s)/program(s) that strongly impact the overall ASI.  This can help the agency and policymakers set priorities as they make 
investment decisions. Such a performance metric can help track the financial sustainability of agency assets. 

 

Figure 9-4: Illustration of Asset Sustainability Indices (Output)   
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GLOSSARY OF TERMS 
The primary source of information for this glossary is the AASHTO Transportation Asset Management Guide: A Focus on Implementation (AASHTO 2011) 

Asset: The physical transportation infrastructure (e.g. travel way, structures, other features and appurtenances, operations systems, and major 
elements thereof); more generally, can include the full range of resources capable of producing value-added for an agency: human resources, 
financial capacity, real estate, corporate information, equipment and materials, etc.; an individual, separately-managed component of the 
infrastructure (e.g. bridge deck, road section surface, streetlight). 

Asset Management (AM): A strategic approach to managing transportation infrastructure. It focuses on business processes for resource allocation 
and utilization with the objective of better decision making based upon quality information and well-defined objectives. 

Asset Management System: An integrated set of procedures, tools, software, and data intended to support proactive management decision making 
regarding the preservation, improvement, and replacement of assets. 

Capital Investment: A type of investment that generally involves construction or major repair; includes the construction of new assets, 
reconstruction or replacement of existing assets, structural and functional improvements to existing assets, and rehabilitation of existing assets; 
when precision is required, capital refers to work that is funded under the agency’s capital budget according to agency policy. 

Deterioration Model: A mathematical model to predict the future condition of an asset or asset element, if no action, or only un-programmed 
maintenance, is performed. 

Direct Costs: Costs of an agency activity that are directly related to the quantity of work (e.g. labor, material, equipment usage, contract pay items). 

Equivalent Uniform Annual Cost (EUAC): Net present value, converted to an annuity (uniform annual monetary amount) or perpetuity. 

Expected Outcomes: These are forecasted outcomes based on predictive modeling. 

Gap Analysis: A tool for drilling down into the detail of the transportation asset management processes which uses the maturity model as its scale. 

Health Index: Weighted average computed over the elements of an asset and a set of condition criteria, of the percent of each element that satisfies 
each criterion. It may be described by terms such as bridge condition rating or index, or pavement condition rating or index. 

Indirect Costs: The cost of implementing a programmed activity, including direct and indirect costs. In capital budgeting analyses, initial cost is 
interpreted as the direct reduction in available budget as a result of a commitment to the activity. 

Level of Service (LOS): Qualitative measures related to the public’s perception of asset condition or of agency services; used to express current 
and target values for maintenance and operations activities. 

Life Cycle: A length of time that spans the stages of asset construction, operation, maintenance, rehabilitation, and reconstruction or 
disposal/abandonment; when associated with analyses, refers to a length of time sufficient to span these several stages and to capture the costs, 
benefits, and long-term performance impacts of different investment options. 

Life-Cycle Cost: Net present value (or equivalent uniform annual cost) of the sequence of monetary costs and benefits in a life-cycle activity profile. 
In the context of a life-cycle cost analysis, LCC should be defined as to the types of costs it includes; for example whether un-programmed 
maintenance or user costs (or both) are included, as well as inflationary assumptions about the cost stream. 

Maturity Model: A concept used to specify the relative position of the agency for each transportation asset management process. 
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Performance: Characteristic of an asset that reflects its functionality or its serviceability as perceived by transportation users; may be related to 
condition. 

Performance Gap: The gap between an asset’s current condition/performance and a defined target or threshold value; implies need for work. 

Performance Measure: An indicator, preferably quantitative, of service provided by the transportation system to users; the service may be gauged 
in several ways (e.g. quality of ride, efficiency and safety of traffic movements, services at rest areas, quality of system condition, etc.). 

Periodic Maintenance: Maintenance or repair activity that is conducted on a fixed schedule according to manufacturer recommendations, research 
recommendations, or a maintenance intervention strategy (e.g. light bulb replacement, vehicle maintenance). 

Plan Outcomes: These describe performance outcomes that are consistent with MnDOT financially constrained spending priorities. Targets and 
Plan Outcomes are not mutually exclusive.  

Preservation: Actions to deter or correct deterioration of an asset to extend its useful life; does not entail structural or operational improvement of an 
existing asset beyond its originally designed strength or capacity. 

Preventive Maintenance: Proactive maintenance approach that is applied while the asset is still in good condition; extends asset life by preventing 
the onset or growth (propagation) of distress. 

Prioritization: Arrangement of investment candidates in descending order according to their importance to the agency mission (usually represented 
by an objective function or benefit measure) in relation to their initial cost. 

Reactive Maintenance: Emergency or other un-programmed time-sensitive maintenance or repair that arises as a response to observed defects or 
performance problems (e.g. small bridge deck repairs, traffic signal repairs, incident response). 

Rehabilitation: An event consisting of multiple treatments intended to correct physical or functional defects that impair the satisfaction of a level of 
service standard that the asset may previously have satisfied. It may include replacement of parts of the asset but not the entire asset, and is 
generally understood to be more significant in scale than a repair. 

Repair: Treatment applied in order to correct a physical or functional defect that impairs the satisfaction of a level of service standard that the asset 
may previously have satisfied. Repairs are usually understood as intermediate in scale between maintenance and rehabilitation. Specific instances 
of repairs may be programmed or un-programmed according to agency policy. 

Replacement: Disposal of an existing asset and substitution of a new asset serving the same functional requirements and possibly additional 
requirements in the same location; replacement-in-kind is a type of replacement where the new asset is substantially similar in function to the old 
asset, following the principle of modern engineering equivalence. 

Risk (of an asset): The possibility of adverse consequences related to an asset from natural or man-made hazards. Generally consists of the 
likelihood of the hazard, the consequences of the hazard to the asset, and the impact of asset damage or malfunction on the mission of the asset or 
on life, property, or the environment. 

Routine Maintenance: Un-programmed, non-urgent maintenance activities undertaken by crews that are scheduled on a daily, weekly, or monthly 
basis (e.g. street cleaning, drainage inspection and maintenance, bridge washing). 

Strategic: A view of assets that is policy-based, performance-driven, long-term, and comprehensive. 

Targets: A fixed benchmark against which MnDOT evaluates past, present, and future performance. 




