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PURPOSE OF LOCAL AGENGY GULVERT INVENTORY PILOT

In 2018, the Transportation Asset Management Council (TAMC) Bridge Committee was tasked with
managing a work plan for a pilot project for the inspection and inventory of culverts on the local
road system. The project was related to a recommendation made by the 21st Century Infrastructure

Commission and was informed by the pilot inspection and inventory of culverts done by MDOT in 2016
on the state trunkline highway system. The goal of the 21st Century Infrastructure Commission report is
to have Michigan’s road and rail systems designed to ensure that rivers, streams, and drains remain
free-flowing to protect ecosystem health, as well as investments in transportation infrastructure.

ASSET MANAGEMENT

WHAT is asset management?

At the most basic level, asset management is a way to
meet the goals of good ownership, effective management,
and responsible stewardship. In the state of Michigan,
asset management has traditionally been applied to
maintaining pavements. However, a typical transportation
network also comprises bridges, signs, culverts, guardrail,
etc. The principles of asset management should be
applied to the management of all these components

of the asset. Asset management represents more than
simply an integration of existing management systems
and data. It builds on existing processes and tools to form
a continuous improvement guide that complements and
supplements existing practice.

WHY use asset management?

It is widely accepted that transportation infrastructure is
vital to the economic well-being of our state. For most
local authorities, their road network is the most valuable
community asset under their control. Despite this, there
is a growing realization that the management of these
vital and valuable assets is not receiving the attention or
funding required for the provision of the optimal state of
repair and operation. Developing an asset management
plan empowers public agencies to invest their scarce
transportation funding in ways that will provide the
greatest return. An asset management plan also allows
a community to determine what an acceptable level of
services is while informing residents and elected officials
of the impacts declining transportation funding will have
on the system.

HOW does a culvert pilot fit into asset management?

Michigan roads have hundreds of thousands of bridges,
culverts, and other drainage infrastructure components,
many of which are decades old and on the verge of
failure. State agencies have identified at least 65,000
points throughout the state where Michigan’s road

and rail systems intersect with surface water systems.
Many of these points may be undersized for current and
future watershed conditions, increasing the potential for
flooding. When flooding occurs or structures fail, there
are safety, environmental, economic, and social impacts.

WHO participated in this program?

TAMC reached out to the Center for Technology and
Training (CTT) at Michigan Technological University and the
Center for Shared Solutions (CSS) and Michigan’s regional
and metropolitan planning agencies to assist with managing
and facilitating the project. The CTT and the TAMC have a
long-standing working relationship that, combined with the
working structure that the TAMC has already established
with local transportation agencies through previous
projects, allowed the CTT and the TAMC to quickly initiate,
launch, and complete the culvert data collection pilot project
within the required timeline. The CSS was involved in the
Michigan Infrastructure Asset Management Pilot and was
prepared to receive and store the collected data to support
a statewide integrated system.

In addition to these partners, 49 local transportation
agencies (32 counties, 12 cities and five villages)
collected and submitted data through the pilot.

GOALS

The intent of the culvert data collection pilot was to collect data on Public Act 51-certified roads in
Michigan at a statewide level for the following goals:

1) Estimate the total number of culverts on the local
system of Public Act 51-certified public roads.

2) Estimate the overall condition of culverts in the state
using similar inspection components and rating.

3) Determine the range of physical characteristics
(inventory information) of culverts, such as material,
size and depth, that may impact the cost to maintain
or replace the asset.

4) Benchmark estimates of agency labor (time and
materials) necessary to find and collect inventory
data for culverts on a dollar per mile or other
production rate basis.

5) Benchmark estimates of agency labor (time and
materials) necessary to find and collect condition
data for culverts on a dollar per mile or other
production rate basis.



ESTIMATED STRTEWIDE LOCAL RGENGY INVENTORY

» Estimated number of local agency culverts: 196,000
» 27 percent of the culverts are in good condition

» 69 percent of the culverts are corrugated steel pipe
> Estimated time to inventory a culvert: 17 minutes

P> Estimated time to inventory and inspect a
culvert: 25 minutes

» Estimated length of local agency culverts:
7.3 million to 9.2 million feet (1,389 to 1,756 miles)
of culvert. This is enough culvert pipe to build a
single straight culvert from Houghton, Michigan, to
the tip of Key West, Florida. (see map below)

» Estimated replacement cost of local agency
culverts: $1.48 billion
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GULVERT COLLEGTION BY THE NUMBERS

» Data collection training using
Roadsoft: 78 participants

» Condition evaluation training: 83 participants

» Data submittal training: 65 participants

» Typical collection team size: 2 people

» Number of culverts inventoried in
this pilot: 49,664

Estimated Local Agency Culvert Condition
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KEY FINDINGS

* The tools, training, business processes, and

relationship building that the TAMC initiated for the

collection of Pavement Surface Evaluation and

Rating (PASER) road condition data has created a

strong framework for the rapid collection of other
asset data on the local agency road system.

* The repeating five-year costs associated with
training and data collection for a culvert inventory
and condition evaluation program are estimated
at $10.5 million to $11.25 million ($2.1 million to
$2.5 million annually). These estimates do not

* Inventory data from culverts revealed that the
majority (approximately 73 percent) of local agency-
owned culverts are small (24 inches in diameter or
less), made from corrugated steel, and are circular
culverts that are located less than 6 feet from the
surface. Larger and more deeply buried culverts are
of specific interest because they present a larger
consequence of failure in terms of risk to the public
and expenditure of funds for repair.

» Condition data indicates that local agency-owned
culverts are in serviceable shape, with 27 percent

include costs associated with development and

implementation of asset management programs

for culverts.

* A post-pilot survey showed participant interest
in continuing to collect inventory and condition

evaluation data on their culverts beyond the

pilot timeframe.

of the rated culverts holding condition ratings of 8 or
better, and 67.2 percent of the rated culverts holding
conditions ratings of 6 or better.

It is estimated that it will take approximately

$10 million and more than 131,000 collection team
hours to complete the initial data collection of local
agency culverts.

PRRTIGIPRTING AGENGIES AND LOCRTIONS OF INVENTORIED GULVERTS
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DISCLAIMER

This publication is disseminated in the interest of information exchange. The TAMC expressly
disclaims any liability, of any kind, or for any reason, that might otherwise arise out of any use
of this publication or the information or data provided in the publication. The TAMC further
disclaims any responsibility for typographical errors or accuracy of the information provided o
contained within this information. The TAMC makes no warranties or representations
whatsoever regarding the quality, content, completeness, suitability, adequacy, sequence,
accuracy or timeliness of the information and data provided, or that the contents represent
standards, specifications, or regulations. The TAMC does not support any particular culvert
material type or claim that any material is superior to others.
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EXECUTIVE SUMMARY

In 2018, the Transportation Asset Management Council (TAMC) Bridge Committee was tasked
with managing a work plan for a pilot project for the collection of data and the evaluation of
culverts owned by local transportation agencies within Michigan. The work was funded though
House Bill 4320 (S-3) - Supplemental Appropriation Adjustments, which added $2 million to the
fiscal year 2018 budget from the state restricted Michigan Infrastructure Fund.

Based on recommendations made in the 215t Century Infrastructure Commission Report, the
TAMC decided to use the funding for a pilot project to assist local transportation agencies with
the collection of culvert data on their local road network. All work was to be completed on the
pilot project before the end of fiscal year 2018 (September 30, 2018) as a condition of the
funding from the Legislature. Given the relatively short timeframe, and the scope and logistics
of the pilot project, the TAMC reached out to the Center for Technology & Training (CTT) at
Michigan Technological University to assist with managing and facilitating the project. The CTT
and the TAMC have a long-standing working relationship that, combined with the working
structure that the TAMC had already established with local transportation agencies through
previous projects, allowed the CTT and the TAMC to quickly initiate, launch, and complete the
culvert data collection pilot project within the required timeline.

Goals

The intent of the culvert data collection pilot was to collect data on Public Act 51 Certified
Roads in Michigan at a statewide level for the following goals:

1) Estimate the total number of culverts in the state.

2) Estimate the overall condition of culverts in the state using similar inspection
components and rating.

3) Determine the range of physical characteristics (inventory information) of culverts, such
as material, size, and depth, that may impact the cost to maintain or replace the asset.

4) Benchmark estimates of agency labor (time and materials) necessary to find and collect
inventory data for culverts on a dollar per mile or other production rate basis.

5) Benchmark estimates of agency labor (time and materials) necessary to find and collect
condition data for culverts on a dollar per mile or other production rate basis.

Project Planning

All local transportation agencies in the state were invited to participate in the Michigan Local
Agency Culvert Inventory Survey offered between March 5-16, 2018. The goal of the survey was
to assist the TAMC Bridge Committee with the completion of the project work plan, the
selection of participating agencies, and the identification of appropriate culvert data to collect.
All agencies that responded to the survey were eligible to participate in the culvert pilot. Based
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on the survey responses, agencies that were willing to participate in the pilot were divided into
tiers according to their existing level of culvert inventory and “rounds” based on their tier and
geographical proximity to other responding agencies.

Given the fixed budget, the unknown number of culverts that agencies would be collecting data
on, and an unknown number of participating agencies, the TAMC Bridge Committee discussed
several funding options and scenarios to distribute the funding equitably. It was determined
that all participating agencies were to receive a fixed mobilization reimbursement for training,
purchasing of equipment to be used on the pilot, and for other pilot-related activities. County
road agencies received $10,000, and city/village road agencies received $5,000. In addition, all
local agencies were to receive $30/per-centerline-mile where they drove to collect culvert data,
not to exceed the agency’s Public Act 51 certified total centerline-miles.

It was determined that local transportation agencies would collect data on culverts ranging
from 1 to <20 foot span, as culverts that span 20 feet and larger should already be included in
local agencies’ bridge inventory. The TAMC Bridge Committee established a list of culvert
attributes to be collected as part of the pilot, as well as six condition evaluation criteria.

Training

The CTT hosted an informational webinar on April 19, 2018 to outline the pilot project and
solicit questions and feedback from potential participating agencies. The CTT then hosted
training webinars on April 25 and 26, 2018 to go over culvert inventory data collection using the
Roadsoft Laptop Data Collector (LDC), and culvert condition evaluation, respectively. Roadsoft
is a roadway asset management system for collecting, storing, and analyzing data associated
with transportation infrastructure. The Michigan Department of Transportation (MDOT)
provides Roadsoft to local agencies at no cost as part of the statewide roadway asset
management initiative spearheaded and supported by MDOT.

The CTT hosted a webinar on July 24, 2018 to instruct participating agencies on how to submit
their culvert data.

Data Collection and Results

CTT staff visited nine agencies to observe their culvert data collection processes. Generally, all
of the agencies visited had similar processes for data collection that varied slightly based on the
tools they used.

The CTT worked closely with the Michigan Department of Technology, Management and
Budget (DTMB) Center for Shared Solutions (CSS) to build additional Roadsoft functionality to
enable users to upload the data directly to CSS. They also worked together to allow the five
agencies not using Roadsoft to submit data.
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Once the data was submitted, the CTT compiled and processed the information to provide
answers for the five key objectives of the culvert pilot project.

1. Estimate the total number of culverts in the state.

After compiling the submitted culvert data and the data from the daily collection logs, the CTT
calculated the estimated number of statewide local agency culverts to be between 178,939 and
213,649. The range is due to estimates or calculations using six different data subdivisions. The
average of this range is 196,294 statewide local agency culverts. A breakdown of the six
methods used to calculate the averages is shown in Table 1.

Table 1: Summary of statewide culvert estimation methods

Difference

Method Road Network County City Statewide From
Number Density Factor Source Subdivisions Regionality Culverts Culverts Culverts Highest

1 Average of Collection Area [Single Network Aggregate of Counties 164,893 19,590 184,483 86%

2 Average of Collection Area |Fed aid / NFA split |Aggregate of Counties 166,466 r 22,682 189,148 89%

3 Average of Collection Area |Single Network County by region 159,349 19,590 178,939 84%

4 Average of Collection Area |Fed aid / NFA split |County by region 161,252 22,682 183,934 86%

5 Daily Logs Single Network Aggregate of Counties 190,839 22,810 213,649 100%

6 Daily Logs Single Network County by region 182,207 22,810 205,017 96%

2. Estimate the overall condition of culverts in the state using similar inspection
components and rating.

Based on the submitted data, overall condition assessments indicate that the majority of the
culverts inspected were in fair to good condition with 27.0% of the rated culverts holding
condition ratings of 8 (good) or better, and 67.2% of the rated culverts holding conditions
ratings of 6 (fair) or better. The condition rating scale for this pilot project ranged from 1 (failed)
to 10 (new). Of the inventoried culverts, 69.2% included a condition rating. Of the culverts
inventoried during the pilot, 78.0% had ratings collected in 2018, and 92.0% were rated in the
last five years. The overall culvert condition ratings are represented in Figure 1.
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Figure 1: Overall culvert condition rating

3. Determine the range of physical characteristics (inventory information) of culverts,
such as material, size, and depth, that may impact the cost to maintain or replace the
asset.

Of the inventoried culverts, 69% were corrugated steel pipe, 21% were concrete, and 5% were
plastic. The vast majority of reported culverts—88.%—were circular. Of the reported circular
culverts, 90% were 48 inches or less in span, 36% have 24 inches or less of cover, and 49% have
between 25-72 inches of cover. The most frequent road surface type was asphalt pavement at
66%, followed by gravel at 28%. The road surface type provides important information that can
be used for the estimation of replacement costs, since restoration is a significant expense.

The total volume of culverts on the locally-owned road system represent a significant asset.
Local agencies own an estimated 7.3 to 9.2 million feet (1,389 to 1,756 miles) of culvert. As a
basis for comparison, this is enough culvert pipe to build a single straight culvert from
Houghton, Michigan to Miami, Florida. This is represented in Figure 2. It is estimated that the
total replacement value of locally-owned culverts in Michigan exceeds $1.48 billion.
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Figure 2: It is estimated that Michigan local transportation agencies own enough culvert pipe to build a single
straight culvert from Houghton, Michigan to Miami, Florida

4. Benchmark estimates of agency labor (time and materials) necessary to find and
collect inventory data for culverts on a dollar per mile or other production rate basis.

Estimating the expected costs to find and collect inventory data for culverts is difficult due to
variables such as labor rates, culvert density, and culvert cover. Based on assumed crew size;
pay; and benefit and overhead rates; the average culvert data collection labor cost is estimated
to be $39.02 per mile for county road agencies and $69.17 per mile for cities and villages. These
production rates are provided in Table 7-7 for use in estimating agency specific costs.

5. Benchmark estimates of agency labor (time and materials) necessary to find and
collect condition data for culverts on a dollar-per-mile or other production rate basis.

The daily data collection logs did not contain a large enough data set to directly determine the

time needed to collect condition rating information on known culverts. However, the daily logs
show the average time per culvert to collect inventory data only was approximately 8 minutes

faster than collecting inventory and condition rating data. This difference in average collection

rate is likely the result of the added task of performing the condition rating activity.

Conclusions

This pilot project revealed that the tools, business processes, and relationship building that the
TAMC initiated for the collection of Pavement Surface Evaluation and Rating (PASER) road
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condition data has created a strong framework for the rapid collection of other asset data on
the local agency road system. This is apparent from the significant capabilities that pilot
participants demonstrated with their ability to collect a large volume of high-quality asset
inventory and condition data on nearly 50,000 culverts in approximately three months. This
number constitutes about 24% of the approximately 196,000 total local agency culverts in the
state.

The pilot project also identified that a significant level of effort is required to inventory and rate
local agency-owned culverts. It will take an estimated $10 million and over 131,000 collection
team hours to complete the initial data collection of local agency culverts. Annual training
expenses are estimated at $250,000 - $500,000 for development, provision, and participation in
the training.

As part of an ongoing five-year condition evaluation cycle, the estimated annual cost will be
approximately $2.1 to $2.25 million (in today’s dollars) for continued training and data
collection of culvert inventory and condition evaluation moving forward. This assumes 1/5 of all
culverts will be inspected each year as part of a five-year repeating cycle where every culvert is
inspected once every five years. Therefore, the five-year costs associated with training and data
collection for a culvert inventory and condition evaluation program are estimated at $10.5 to
$11.25 million. These estimates do not include costs associated with development and
implementation of asset management programs for culverts. There will be additional unknown
expenses for training, equipment, and data handling.

All participants were invited to participate in a follow-up survey. Many respondents indicated
their intent to use the data gathered to advance their culvert asset management programs.
Many also indicated they plan to use the condition evaluations to either add to, or create, a
maintenance plan for addressing culverts in need of replacement. Of special note was that
many indicated that they intend to continue to collect inventory and condition data on the
culverts in their network even though the culvert pilot project is over. Aside from the value of
the data that was collected and the conclusions that can be drawn from it, having practical,
actionable outcomes that participants intend to continue using should not be overlooked.
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1. BACKGROUND

The TAMC was appointed by the State Transportation Commission on September 26, 2002 as
required in Public Act (PA) 499. Their mission as defined by this act is to report the condition of
the Michigan public road network to the Michigan Legislature [1]. The TAMC’s mission is taken
directly from PA 499 and states:

“In order to provide a coordinated, unified effort by the various roadway agencies
within the state, the transportation asset management council is hereby created
within the state transportation commission and is charged with advising the
commission on a statewide asset management strategy and the processes and
necessary tools needed to implement such a strategy beginning with the federal-aid
eligible highway system, and once completed, continuing on with the county road
and municipal systems, in a cost-effective and efficient manner.”

To this end, TAMC has successfully adopted an existing condition assessment system—
Pavement and Surface Evaluation Rating, or PASER—for the paved road network in Michigan.
The TAMC has successfully set up the data systems; funding mechanisms; collection and data
handling methods; and data collection infrastructure to collect pavement condition data on the
entire paved federal-aid system (approximately 39,000 centerline miles) in Michigan. In 2017,
the TAMC expanded to provide for a system of condition assessment on unpaved roads.

The TAMC Bridge Committee was tasked with managing a work plan for the collection of data
and the evaluation of culverts located within Michigan. The FY 2018 budget provided for
$2,000,000 from the state restricted Michigan Infrastructure Fund to inspect and inventory
culverts on the local road system. House Bill 4320 (S-3) - Supplemental Appropriation
Adjustments, which spells out the appropriaton, can be viewed at:
http://www.legislature.mi.gov/documents/2017-2018/billanalysis/House/pdf/2017-HLA-4320-

361480C1.pdf

This project is related to a recommendation made by the 215t Century Infrastructure
Commission in their 21° Century Infrastructure Report that was published in November, 2016.
More information about the 215t Century Infrastructure Commission can be found at:
https://www.michigan.gov/snyder/0,4668,7-277-61409 78737---,00.html

The transportation recommendations, including recommendations related to culverts made in
the 21° Century Infrastructure Report, can be found at:
https://www.michigan.gov/documents/snyder/Ch 6 -

Transportation Recommendations 551285 7.pdf

The TAMC intended for the majority of this funding to pass down to cities, villages, and county
road commissions (local agencies) to collect their data via a reimbursement, based on
mobilization and centerline miles travelled. All work was to be complete on this pilot before the
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end of FY18 (September 30, 2018) as a condition of the funding from the Michigan Legislature.
A schedule for this pilot was created to fit this deadline and is shown in Table 1-1.

Table 1-1: Schedule of pilot activities

Task Feb | Mar | Apr | May | Jun Jul Aug Sep
19126| 5 12119/26] 2 1 9 116.23/30] 7 14{21/28| 4 (1118 25[ 2 | 9 16/23/30| 6 13120 27| 3 |10 1724

Contract and Funds Disbursement

Task 1 Literature Review of Best Practices

Task 2 Local Agency Survey - Data Availability and Extent
Task 3 Selection of Data Collection and Storage Methods
Task 4 Develop and Conduct Pilot Training

Task 5 Selection of Particpating Agencies

Task 6 Pilot Data Collection

Task 7 Pilot Centralized Data Storage Solution

Task 8 Evaluation of Pilot

Task 9 State-wide Collection Cost Estimate

Task 10 |Final Report

Culverts, for the purposes of this pilot, are defined as linear drainage conduits underneath a
public roadway that are not considered “bridges” by the Federal Highway Administration
(FHWA). In general, the FHWA considers a “bridge” as having a combined span of more than
twenty feet, which would include listing on the National Bridge Inventory (NBI). Culverts are
differentiated from storm sewers in that they are straight-line conduits that are open at each
end, and do not include intermediate drainage structures (manholes, catch basins etc.). Only
culverts found within PA 51 Certified Roads are eligible for collection as part of this data
collection effort; culverts found beneath private driveways or commercial drives are not eligible
for inclusion or reimbursement.

The goal is to ensure the TAMC has a strategy that can be used across the state to further
streamline and standardize the collection of culvert data and to develop best practices for the
asset management of culverts in the state. Obtaining local culvert inventory and condition
evaluation data in a representative group of local agencies will help determine the level of
effort and cost to advance a similar effort statewide in the coming years.
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2. INTRODUCTION

Asset management is crucial to planning and executing maintenance operations and replacing
roadway assets in the most efficient and cost-effective manner. In order to effectively draw
conclusions and make decisions, a complete inventory with regular condition evaluations is
crucial to asset management. Agencies have created effective, standardized inventory and
condition assessment programs for bridges and road surfaces for the purpose of asset
management, but culvert inventory and condition assessment programs are often not executed
with the same sophistication, or they are not established at all.

The need for culvert asset management is clear; there have been numerous documented
culvert collapses in recent years that have led to damage and injuries, costing agencies
significant money in emergency repairs and public safety concerns. In the early morning of June
17, 2018, Houghton County experienced an extreme rainfall (1000-year event) causing
widespread damage in which many culverts failed, resulting in damage to surrounding areas, as
depicted in Figure 2-1 and Figure 2-2. These culverts failed due to an extreme event that could
not have been prevented through sound asset management, but they are representative of the
roadway damage that can occur from culvert failures.

Figure 2-1: Culvert failure in Houghton, Michigan leading to roadway damage
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Figure 2-2: Houghton county culvert failure in Ripley, Michigan

Culvert inventory and condition assessment programs assist in mitigating culvert problems
before their condition becomes critical and allows culvert work to be coordinated with road
work: saving money and maintaining public safety. Many of Michigan’s local agencies do not
have an established culvert inventory and condition assessment program. Of the local agencies
that do have a program, there is little consistency between local agencies in how the programs
operate, and many inventories are incomplete. The TAMC Local Agency Culvert Pilot seeks to
provide standardization between local agencies by providing guidance on the inventory and
condition evaluation of culverts.

This document serves as the final report for the TAMC pilot program implementing the
inventory and condition evaluation of culvert assets owned by Michigan’s local agencies. The
intent of the pilot was to collect data to be used in generating the following information on PA
51 Certified Roads in Michigan at a statewide level:

1) Estimate the total number of culverts in the state.

2) Estimate the overall condition of culverts in the state using similar inspection
components and rating.

3) Determine the range of physical characteristics (inventory information) of culverts, such
as material, size, and depth, that may impact the cost to maintain or replace the asset.

4) Benchmark estimates of agency labor (time and materials) necessary to find and collect
inventory data for culverts on a dollar per mile or other production rate basis.

5) Benchmark estimates of agency labor (time and materials) necessary to find and collect
condition data for culverts on a dollar per mile or other production rate basis.
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This report reviews existing literature on inventory and evaluation programs in other states;
presents results from a statewide survey of current culvert asset management practices;
establishes a standard inventory and condition evaluation program based on best practices by
local, state, and federal agencies; establishes a culvert assessment training program for field
inspectors; documents the implementation of this program; discusses implementation of local

inventories into a statewide database; and draws conclusions and implications for future
research resulting from this pilot.
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3. REVIEW OF CURRENT BEST PRACTICES

3.1. Literature Review

The purpose of the literature review was to identify best practices used by county, state, and
federal agencies that may be applicable to the pilot. This included identifying current data
collection, storage, and evaluation tools in use by these agencies. A detailed literature review is
included in Appendix A and summarized here. Once these tools, techniques, and methodologies
were identified, an assessment was undertaken to determine those which warranted inclusion
in the pilot.

3.1.1. Pilot Studies

Numerous pilot studies have been conducted throughout the country. A 2014 FHWA study
stressed the importance of getting a system in place. Once locations are established with some
capacity for condition assessment, the assessment portion can be improved with time by
adding additional data. “Internal groups and stakeholders can identify large lists of potential
data to be collected; however, the agency should make sure it knows how the data will be used
and how often it may be used” (Venner 2014).

In September 2016, the MDOT published the Asset Collection & Condition Assessment Guide for
1’-<10’ Span Culverts. The guide can be viewed at
https://www.michigan.gov/documents/mdot/MDOT RFP SS REQ2435 Tams Culvert Colectio
n 616748 7.pdf.

This assessment guide highlights the pilot project to collect location and assessment data for 1
to <10 foot culverts under MDOT-owned roadways in six counties; Eaton, Ingham, Isabella,
Mackinac, Osceola, and Saginaw. Isabella County was inventoried under a separate pilot
program in 2016, and condition evaluation was performed as part of the larger pilot in 2017.
The MDOT report describes the Transportation Asset Management System (TAMS) interaction
and integration in the collection of culvert data. In addition to the data collection process using
TAMS, the guide provides information on attribute and condition assessment. The guide
provides a comprehensive overview of the process of locating and assessing culverts and
associated attributes (end treatments, footings, etc.). It should be noted that MDOT effectively
considers 10 to 20 foot culverts as bridges, and inspections are included as a subset of their
bridge inventory (MDOT 2016). Table 3-1 summarizes the number of culverts that MDOT
collected data on with a breakdown of the miles covered by road class.
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Table 3-1: MDOT culvert pilot summary

Culverts Culverts Trunk Line Freeway Non-Freeway Total Federal-Aid
County Final Invoice| Collected Collected i . i Non-Trunk Line

1to <10 ft 10 to <20ft Miles Miles Miles Miles
Eaton County $61,506.95 479 24] 155 39 116 377
Ingham County $88,667.92 1103 11 158| 55| 103 493
Mackinac County | $84,174.38 561 13 178| 28 150 212
Osceola County $75,211.75 376 8| 99 25 74 253
Saginaw County $62,353.00 356 60| 199 33| 166 566
Total $371,914.00 2,875 116 789 180 609 1,901

3.1.2. Culvert Size

Culverts are defined as structures that span less than 20 feet. In general, agencies with
established programs tend to collect data on culverts that span from 1 to 20 feet and many
choose to divide these into at least two categories based on size (1 to 10 foot and 10 to 20 foot
sets are common) with different inspection criteria applied to each.

3.1.3. Frequency of Inspections

The frequency of culvert inspections varied widely by agency. Some choose to conduct annual
inspections, while others spread them out up to once every six years. Some states require more
frequent inspections for culverts with poor condition evaluations. Culvert size is another factor
in establishing inspection frequency. Some agencies choose to inspect smaller culverts with less
frequency than larger culverts. The National Cooperative Highway Research Program (NCHRP)
Report 14-26, Culvert and Storm Drain System Inspection Manual, recommends establishing an
inspection frequency based on both the condition and size of the culvert, but leaves the
frequency decision to the agency. Under the recommended system, culverts that span greater
than 10 feet should be inspected every two years regardless of condition, and culverts less than
10 feet should be inspected at intervals depending on their size and last reported condition.

3.1.4. Commonly Used Equipment

The following equipment was commonly cited in the literature review as needed for culvert
inspection and condition evaluation programs:

e Data collection device (paper template, laptop, tablet, etc.)
e Database software or spreadsheet for data storage

e (Camera

e Personal protective equipment (PPE)

e Measuring tape and wheel

e Flashlight

e Shovel

Michigan Local Agency 2018 Culvert Inventory Pilot Evaluation Report 7



e Waders

e Stability pole

e Probing rod or rock hammer

e Global Positioning System (GPS) device

3.1.5. Condition Evaluation

FHWA issued report number FHWA-IP-86-2, Culvert Inspection Manual: Supplement of the
Bridge Inspector’s Training Manual in 1986. This manual provides information on culvert types,
inspection procedures, and a culvert components inspection guide for approaches, end
treatments, waterways, corrugated metal, precast concrete, cast-in-place concrete, and
masonry culverts. The report provides guidance on data that should be collected for inventory
and data that should be collected for condition evaluation of the culverts. The recommended
rating system is a 0 to 9 scale, with 9 indicating that no repairs are needed and 0 indicating that
the facility is closed for repairs.

The Ohio Department of Transportation (Ohio DOT) developed their own Culvert Management
System, detailed in their 2017 Culvert Inspection Manual. This document is based on the FHWA
system but provides additional quantitative and qualitative rating descriptors for rating
corrugated metal, concrete, masonry, and plastic culvert structures beyond what is described
by the FHWA (ODOT 2017).

The 2018 Wisconsin Department of Transportation (Wisconsin DOT) Bridge Inspection Field
Manual provides descriptors for condition rating timber bridges whereas timber culvert
condition ratings are not covered under the existing FHWA system. These condition ratings
relate to deterioration problems experienced by culverts as well, and thus is a useful resource
in developing a timber culvert condition rating system (WisDOT 2018).

The NCHRP 14-26, Culvert and Storm Drain System Inspection Manual, was published in May,
2016 and serves as a proposed update to the FHWA Culvert Inspection Manual. The NCHRP
report contains several changes from the FHWA method. The largest change is a proposed five-
point rating system which the authors feel more directly correlates to observed conditions.
Rating descriptions have been reorganized to a component-level evaluation to be consistent
with the American Association of State Highway and Transportation Officials (AASHTO) Bridge
Element Inspection Manual.

The Midwest Regional University Transportation Center (UTC) developed a culvert rating
procedure in 2008 in an attempt to give more insight for asset management of culverts. In this
method, individual element ratings are combined into a single rating value based on a weighted
average algorithm that uses an analytical hierarchy process (AHP) based on a pairwise
comparison approach (i.e. “thisis ____ more important than that”).
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3.2. Local Agency Survey — Data Availability and Extent

A comprehensive survey of Michigan local road-owning agencies was conducted to determine
the extent of culvert inventory and condition evaluation data already being collected by local
agencies. The results showed that local agencies range from not having a data collection
program, to having a general inventory, to having a detailed inventory including culvert type,
geo-referenced location, maintenance records, condition assessment, and other attributes. The
survey also helped identify tools used for data collection and best practices employed by local
agencies.

The Michigan Local Agency Culvert Inventory Survey was created by the TAMC Bridge
Committee and distributed to local agencies with a letter summarizing the importance of this
survey. The survey was conducted from March 6, 2018 through March 14, 2018 and is included
in Appendix B. Response to the survey was overwhelming; 141 responses were received from
local agencies. From this survey, conclusions were made about the current status of local
agency culvert inventories; the data available in these inventories; condition rating methods;
data storage methods; inventory/inspection differences related to culvert size; inspection
equipment; frequency of inspection; and whether an agency would be interested in
participating in this pilot study.

The map shown in Figure 3-1 shows the status of local culvert inventories compiled from the
survey responses. The data represents complete responses (whose who filled out the entire
survey) where the respondent indicated they were interested in participating in the pilot. Some
agencies (60 respondents) completed the survey but indicated they would not be able to
participate in the pilot. While those agencies do not show up in Figure 3-1, the data they
provided was helpful in laying the groundwork for the inventory and condition evaluation
components of the pilot. The data is broken into two categories based on the type of agency
responding to the survey: city/village/township, and county road agencies. Those responses are
then broken into three subcategories: Tier 1, Tier 2, and Tier 3. Counties where the MDOT
Culvert Mapping Project occurred on state highways are also indicated.

e Tier 1-identifies agencies (39 respondents) that have not inventoried or condition
evaluated culverts within their jurisdiction.

e Tier 2 - identifies agencies (33 respondents) that have a portion of their culverts
inventoried, but none or very few have had their condition evaluated on a routine basis
(at least once every 5 years).

e Tier 3 - identifies agencies (9 respondents) that have most of their culverts inventoried
and condition evaluated on a routine basis (at least once every 5 years).
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The map shown in Figure 3-1 was generated based on the respondent’s geographical
information. If the respondent represents a county, that county is highlighted on the map. If
they represent a city, village, or township, then a zip code was used and highlighted on the
map. The regions identified on the map were generated using Excel’s 3D Map add-on. Cities
with multiple zip codes were assigned one zip code for the purpose of generating the map:
exact agency boundaries may not be represented. A full list of the participating agencies, the
county/zip code of the agency, and agency’s tier is presented in Appendix C.
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Figure 3-1: Willing pilot respondents & state of local inventories
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Status of Existing Culvert Inventory

Cities/Villages Interested in Participation

Tier 3
5%

Tier 2
38%

Total Interested Cities/Villages = 21
Figure 3-2: Willing pilot respondents by tier — city/village road agency

Status of Existing Culvert Inventory
Counties Interested in Participation

Total Interested Counties =63

Figure 3-3: Willing pilot respondents by tier — county road agency
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Table 3-2: Culvert pilot survey respondents

| 1 | 2 |GLs-RegionV City of Clio

N

SCMPC
EMCOG
SEMCOG
GLS-Region V

City
City
City
City

Tier|Round RPO Agency Type Agency
2 1 WMRPC County Allegan County Road Commission
1 1 Networks Northwest [County Antrim County Road Commission
1 2 WUPPDR County Baraga County Road Commission
2 2 SCMPC County Barry County Road Commission
3 1 EMCOG County Bay County Road Commission
2 1 Networks Northwest [County Benzie County Road Commission
2 2 SCMPC County ***Branch County Road Commission
2 2 SCMPC County Branch County Road Commission
2 2 SCMPC County Cass County Road Comission
1 2 SCMPC City City of Battle Creek
1 2 SWMPC City City of Benton Harbor
2 1 WMRPC City City of Big Rapids
2 2 SEMCOG City City of Bloomfield Hills
1 1 EMCOG City City of Brown City
1 2 GLS-Region V City City of Burton
2 1 Networks Northwest City City of Cadillac

City of Coldwater

City of East Tawas

City of Farmington Hills
City of Fenton

WUPPDR City City of Ironwood
SEMCOG City City of Lake Angelus
SEMCOG City City of Marysville
EMCOG City City of Mt. Pleasant

CUPPAD
WMSRDC
SEMCOG
SEMCOG

City

City of Munising

City of Muskegon Heights
City of Rochester Hills
City of Southfield

EMCOG
Region 2 PC
EMCOG

City
City
City

***City of St. Louis
City of Tecumseh
City of West Branch

P ININ[WIN W [ N [ EESREEEREEI N [N |- i ]

SR IO N N O VS IS~ (0 (SIS — (100 o [ERINRINEINE O (O (- (N

WMSRDC City City of Whitehall

TCRPC County Clinton County Road Commission
CUPPAD County Dickinson County Road Commisison
GLS-Region V County ***Genesee County Road Commission
Networks Northwest [County Grand Traverse County Road Commission
Region 2 PC County Hillsdale County Road Commission
WUPPDR County Houghton County Road Commission
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Tier

RPO

Agency Type

Agency

w

EMCOG

County

Huron County Road Commission

CUPPAD

City

Village of Daggett

2 2 TCRPC County Ingham County Road Department
2 1 Networks Northwest [County Kalkaska County Road Commission
3 1 WMRPC County Kent County Road Commission
1 2 WMSRDC County Lake County Road Commission
2 2 GLS-Region V County Lapeer County Road Commission
1 1 Networks Northwest [County Leelanau County Road Commission
1 2 CUPPAD County Marquette County Road Commission
2 1 WMRPC County Mecosta County Road Commission
3 1 EMCOG County Midland County Road Commission
1 1 Networks Northwest [County Missaukee County Road Comm.
1 1 WMRPC County Montcalm County Road Commission
2 2 WMSRDC County Muskegon County Road Commission
2 2 WMSRDC County Oceana County Road Commission
2 2 NEMCOG County Oscoda County Road Commission
2 1 WMRPC County Ottawa County Road Commission
3 1 SEMCOG County Road Commission for Oakland County
2 2 SCMPC County Road Commission of Kalamazoo County
2 1 EMCOG County Roscommon County Road Commission
2 1 EMCOG County Saginaw County Road Commission
2 2 GLS-Region V County Shiawassee County Road Commission
2 2 SEMCOG County St Clair County Road Commission
2 1 EMCOG County Tuscola County Road Commission
2 2 SWMPC County Van Buren County Road Commission
1 1 EMCOG City Village of Carsonville
1 1 WMRPC City Village of Caledonia
1 2

1

2

1

2

2

2

2

2

1

2

2

1

1 EMCOG City Village of Fairgrove

1 SEMCOG City Village of Holly

1 WMRPC City Village of Howard City
P GLS-Region V City Village of Lennon

1 NEMCOG City Village of Lincoln

1 GLS-Region V City Village of Morrice

1 EUPPRDC City Village of Newberry

1 WMSRDC City Village of Pentwater

1 EMCOG City Village of Sanford

1 TCRPC City Village of Vermontville
1 WMSRDC City Village of Walkerville
3 SEMCOG County Washtenaw County Road Commission

Agencies marked with *** initially committed to participate in the culvert pilot but had to
withdraw once the pilot started due to various reasons.
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Note: In Table 3-2, the colored cells represent agencies willing to participate as depicted
similarly on the map in Figure 3-1. Table cells without a background color represent agencies
that responded to the survey but were unwilling or unable to participate.

As shown in Figure 3-2 and Figure 3-3, it is evident that many of the agencies fall in either Tier 1
or Tier 2, with a much smaller number of agencies falling under Tier 3. Therefore, the need for
such a pilot study is apparent; most Michigan local agencies are currently not collecting culvert
inventories and condition evaluations or are doing so infrequently.

Respondents were asked about the culvert attributes (items) for which they collect data as part
of their inventory and condition evaluations. The number of respondents collecting each of the
items identified in the survey is presented in Figure 3-4. All responses to the survey were used
to create this chart, not just those indicating an interest in participating in the pilot. The top
four inventory items were; material type, shape, length, and height/diameter. Some inventory
items recorded that were not included on this chart include footing type and railing
information, which were recorded by only one agency. Many Tier 2 responses indicated that
data was; often collected during maintenance operations, was based on existing drawings,
and/or was basic and incomplete. Guidance and common statewide inventory and condition
evaluation practices would help to standardize the data collected by local agencies.
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Figure 3-4: Inventory data collected by agencies surveyed

Michigan Local Agency 2018 Culvert Inventory Pilot Evaluation Report 14



3.2.1. Data Storage

Of the survey respondents, there were many variations in how inventory data was organized
and stored. Common data storage methods included Roadsoft, paper files, spreadsheets,
Geographical Information System (GIS) databases, or other asset management software such as
MiBridge or Lucity. Many agencies indicated that they currently store inventories on paper or
spreadsheets but are moving towards incorporating the data into an asset management
software program or GIS database. Figure 3-5 shows a breakdown of data storage methods
used by participating agencies.

Other Asset
Management Other
Software 2%

12%

Spreadsheet
12%
Roadsoft

49%
GIS Database
9%

Paper only
16%

Figure 3-5. Breakdown of data storage methods from participating agencies
3.2.2. Culvert Sizes

Most responding agencies did not indicate they subdivide their culverts for the purpose of
inventory and condition evaluation, either by a lack of response or by directly indicating so.
However, of the participating agencies that do subdivide their culverts, there were several
different methods of subdivision, mainly by size, material type, and need for maintenance.
Some county road agencies were found to separate culverts by size into categories 2 to 5 feet
and below, and 5 to 20 feet. Tuscola County Road Commission (CRC) indicated this was due to
different funding sources for maintaining different sized culverts, and Kent CRC indicated this
was for inspection frequency: giving priority to the larger culverts. Bay CRC separated culverts
into less than 10 feet and 10 to 20 feet. Branch CRC separated culverts into 3 feet and below, 3
to 6 feet, 6 to 10 feet, and 10 to 20 feet. MDOT separated culverts into categories of 1 to <10
feet and 10 to <20 feet.
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Subdivision of culverts by size was primarily due to establishing maintenance priorities linked to
the condition rating of the culvert for the purpose of asset management practices. Agencies
also subdivided culverts by material type to assist with evaluating culvert deterioration and to
effectively plan maintenance projects.

3.2.3. Condition Rating

Several different condition rating systems are used by agencies that evaluate the condition of
their culverts. Many agencies use the previously described FHWA system presented in the 1986
Culvert Inspection Manual, which is the system used by Roadsoft. Other common rating
systems indicated by local agencies were a good/fair/poor system, and a simple visual
inspection system with no rating scale. Bay CRC uses the National Bridge Inventory (NBI)
inspection criteria to rate culverts spaning 10 to 20 feet in accordance with the MDOT pilot
proposal (MDOT 2016). It appears that most agencies store the condition evaluation data in the
same location as their inventory data.

3.2.4. Inspection Frequency

The level of inspection varied greatly between agencies. Some agencies rated the condition of
the pipe and structural components, while others also rated: the flow conditions, erosion
around the culvert, amount of sediment obstructing the culvert, entrance/exit structure
conditions, pavement condition, and guardrail condition, among other ratings. There was little
consistency in what should be rated to meet the needs of the local agencies.

Inspection frequency varied greatly among Tier 3 agencies. Inspections occur once every three
to five years depending on the agency, with some variation based on culvert size and condition.
Many agencies responded that inspection frequency varies by culvert size with more frequent
inspection performed on larger culverts rather than smaller culverts. Some agencies indicated
they do not evaluate the condition of their smaller culverts at all. Some agencies perform
inspections based on the last recorded culvert condition: the worse the culvert condition, the
more frequent the inspection.

3.2.5. Equipment

Equipment used to perform these inspections also varied between agencies, although there are
similarities. Most agencies provided waders, tape measures, pick hammers, and flashlights to
their inspectors. Other common inspection equipment included a GPS, cameras, laptops with
asset management software, probe rods, and shovels.
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4. ASSESSMENT OF BEST PRACTICES FOR USE IN PILOT

Based on the results of the literature review and survey, best practices were developed for
recommendation in the local agency pilot. These best practices are summarized in this section.

4.1. Culvert Sizes to be Inventoried

Culvert sizes to be inventoried and condition evaluated in this pilot will match the FHWA
definition of a culvert; all structures under 20 feet. The nationwide literature review indicated
that many agencies collecting data on culverts break them down into two categories; small
structures that mostly serve hydrological roles, and larger structures that tend to be treated
more like bridges when it comes to inspection and evaluation. MDOT has an established system
for inspecting structures between 10 to 20 feet. While local agencies may not have inventory or
condition evaluation data on structures less than 20 feet, there is a precedent for breaking the
inventory down into two categories.

For the purposes of this pilot, it was decided that the culverts to be inventoried will range from
1 to <20 feet with no subdivision leading to different levels of effort in inventory or inspection.
This was done to focus on one set of requirements for the pilot and to allow feedback from the
participating agencies to determine if there was a need to subdivide culvert inventory or
inspection by culvert size.

4.2. Inspection Frequency

The literature review found a great amount of variability in the inspection frequency practiced
by states and local agencies with established culvert inspection programs. These frequencies
varied between 1 and 10 years and set different intervals depending on culvert size and the last
reported condition. Larger culverts and those with lower condition ratings were inspected with
greater frequency than smaller culverts and those in better condition. The MDOT culvert pilot
resulted in a recommended culvert condition evaluation frequency of two years for culverts 10
to <20 feet and five years for culverts 1 to <10 feet.

Since the duration of the culvert pilot is less than one year, there was no need to establish a
frequency at the beginning of the pilot; however, condition evaluation frequency is one of the
items to be recommended by the TAMC Bridge Committee as a result of feedback from this
pilot.

4.3. Inventory Data

The TAMC Bridge Committee established the following list of items to be collected as part of
the pilot:
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Inventory ID

GPS Coordinates

Material Type

Asset Collection Date

Shape

Skew Angle

Length

Span (width)

Rise (height/diameter)
. Depth of Cover
. Roadway Surface Type
. Culvert Condition Rating
13. Photographs (optional)

Lo NOUREWNRE

N =
N - O

Detailed descriptions of these inventory items were provided to pilot participants during the
training sessions and as a handout, both of which are located in the Appendix D. The items
selected for the minimum data to be collected as part of the pilot were commonly referenced
in the literature review, survey results, and had been used as part of the data collected in the
previous MDOT pilot. Additional condition ratings, such as waterway, road surface, and inlet
and outlet structure condition ratings were not selected for this pilot to maintain simplicity.
Other inventory data was excluded for varying reasons; for example, date installed was
excluded because this information is not readily obtainable during a field inspection, and may
be unknown, although an agency could maintain this information for their records. Data such as
municipality and road name are included in the inventory ID, and therefore do not need
separate entries in data collection. A comparison was performed between the data selected for
this pilot and the data collected in the MDOT pilot; inventory data inputs in Roadsoft; and
inventory inputs to the Michigan Geographic Framework to ensure all required data could be
stored in existing databases and was consistent with other pilots conducted in Michigan. A
table showing this comparison is displayed in Appendix E.

4.4, Data Collection Software

Roadsoft was selected as the software data collection tool to be used for training aspects of the
pilot. Roadsoft is a roadway asset management system for collecting, storing, and analyzing
data associated with transportation infrastructure. Roadsoft is built on an optimum
combination of database engine and GIS mapping tools. Roadsoft is provided at no cost to all
local road agencies in the state. Survey results showed that local agencies were already familiar
with Roadsoft, thereby lessening any learning curve and making the overall training process
more efficient. Use of a common software program helps ensure data consistency, format,
structure, and compliance statewide. Roadsoft was not required for participation in the pilot,
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however. Participants were free to use their own data collection system as long as they were
able to upload their data electronically into the statewide data system.

4.5. Recommended Data Collection Equipment

Recommended equipment to be used in the pilot included:

e Standard Personal Protective Equipment (PPE, for safety)
e A flashlight (for inspection)
e Atape measure (for measuring culvert width and height/diameter)
e A probe rod / shovel (for inspection and culvert locating)
e A chipping hammer (for inspection)
e Magnet (to assist in identifying steel culverts)
e Arugged tablet with:
O Roadsoft LDC (or similar software for data storage)
0 A compass app (for measuring skew angle)
0 Camera (for photographs)
e A laser distance measure (for culvert length, was selected over a measuring wheel for
safety by reducing the need for crossing the road to make measurements)
e An auto level and grade rod (for depth of cover).

4.5.1. Windows 10 Ruggedized Tablet

With Roadsoft LDC and Roadsoft being the primary software tools for the collection and storage
of culvert data for the pilot project, the CTT investigated several mobile and portable
computing devices to streamline collecting data in the field. It was assumed that field
conditions would be challenging with difficult terrain, moisture, and heavy cover all making it
difficult to use a typical laptop during data collection. The CTT wanted to find devices that had a
built-in GPS for geolocating the culverts, had the computing power to efficiently run Roadsoft
LDC, had a built-in camera, and most of all was rugged enough to withstand field-use
conditions. After a thorough search and comparison of various devices on the market, it was
decided that a ruggedized Windows tablet would meet the criteria.

The CTT then did a comprehensive comparison of ruggedized tablets on the market taking into
consideration the tight timeframe of the pilot project, the availability of the tablets as there
would potentially be forty or more needed, specifications, performance, user reviews, and
price. The CTT found that to ensure accuracy and software compatibility, a dedicated GPS
receiver chip was needed, not a shared LTE chip that many mobile network compatible
computers use. During the research it was discovered that the vast majority of the tablets on
the market with dedicated GPS receivers all used the same internal GPS chip manufactured by
u-blox. With that being the case, it was assumed that all the tablets would perform equally
regarding GPS performance. Based on specifications (screen size, memory, processor, battery,
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etc.) the CTT narrowed the choices down to three possible tablets — Getac F110,
MobileDemand T1600, and Trimble T10. All three tablets had similar specifications, similar
physical size, the same GPS receiver, and were all roughly in the $2-3k range.

Based on comments and technical support calls received, there was a learning curve and
general issues with running Windows 10 in tablet mode, as well as some GPS connection issues.
Even with these minor issues, the tablets ran Roadsoft LDC well and worked as intended in the
field.

Based on technical support calls and emails, and comments received in person and over the
phone, the CTT created a short guide for tablet users to configure Roadsoft LDC to work with
the built-in GPS. The instructions are included in Appendix F.

4.6. Condition Evaluation Method

The FHWA condition evaluation method, as presented in the 1986 Culvert Inspection Manual,
was selected as the method to be used for the pilot because it is well established and widely
implemented by numerous agencies. The FHWA method was modified to include a rating
approach for plastic pipe and timber culverts based on content found in the literature review.
Other condition evaluation methods were considered but not selected. Due to its additional
gualitative and quantitative rating descriptions to the FHWA Culvert Inspection Manual, the
2017 Ohio DOT Culvert Inspection Manual was used as the primary source for developing the
rating descriptions for corrugated metal; concrete; plastic; masonry; and slab and abutment
culvert types. It was also used to develop descriptions for joints/seams, blockage, and scour.
These rating descriptions were supplemented with rating descriptions directly from the FHWA
manual when necessary, such as for the CMP Section Deformation rating chart. Because there
was limited information for evaluating timber culverts in these sources, the rating chart for
timber culverts was created based on the 2018 Wisconsin DOT Bridge Inspection Field Manual,
which provided useful descriptions of problems affecting timber structures and associated
ratings. Rating evaluation charts were developed to assist inspectors with assigning ratings in
the field. These charts are provided in Appendix G along with supporting documentation.
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Figure 4-1: Antrim CRC inspecting a concrete box culvert

The NCHRP method was not selected due to its draft status pending implementation as an
AASHTO standard. The 2008 Midwest Regional UTC method was not picked due to its
complexity and the resulting single overall rating value was not considered helpful for asset
management practices as it makes maintenance assessment difficult. For example, debris could
lower the culvert’s overall rating as could structural failure of a pipe. Debris can be removed
through standard maintenance whereas the structural failure likely requires replacement of the
culvert.

4.7. Inventory and Condition Evaluation

Culverts were rated based on six condition criteria:

e Invert deterioration is the condition of the invert of the culvert, or the condition of the
structure’s footings if no invert is present on the structure. Conditions affecting inverts
include abrasion-related damage and corrosion.

e Structural deterioration refers to the state of the culvert outside of the invert area.
Conditions related to structural deterioration include corrosion-related damage
resulting from soil acidity.

e Section deformation can be identified as changes from a culvert’s original shape;
deflections, and buckling, mainly due to stresses from loading. Section deformation is
evaluated by inspecting the culvert shape and comparing it to the original design.

e Joint/seam condition describes the condition and alignment of the culvert segments or
plates. Joints and seams are inspected for misalignment, offset, soil infiltration, and
water exfiltration.
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e Channel blockage from soil and/or debris affecting the flow of water through the
culvert is evaluated and reported as the amount of blockage in the culvert and whether
there is presence of pooling water.

e Scour is erosion of the embankment or trenching of the inlet/outlet due to water flow
or debris. Inspectors will look for scour holes and their severity, condition of the
embankment erosion as it affects any cutoff walls or headwalls, and any undermining of
the footings at the inlet/outlet.

Roadsoft LDC allows inspectors to input individual ratings for each of these culvert components,
and Roadsoft LDC will automatically select the lowest of these six ratings as the overall culvert
condition rating. Inspectors can, however, overwrite this lowest rating selection with the rating
of another culvert condition if it is believed to be more representative of the overall culvert
condition.

Rating evaluation charts were developed to assist inspectors with assigning ratings in the field.
A chart was developed for each culvert type considered in the pilot; corrugated metal pipe
(CMP), concrete, plastic, masonry, slab and abutment, and timber culverts. These charts are
provided in Appendix G along with supporting documentation.

5. DEVELOPMENT OF PILOT TRAINING AND RESOURCES

Statewide training programs for local agencies and consultants were developed to help ensure
inventory and condition evaluation data were collected, reported, and submitted consistently.
Three training webinars were developed; one for inventory collection and data storage, another
for condition evaluation, and a third to demonstrate how to submit the collected culvert data.
The first two training sessions, which were held prior to the culvert pilot commitment deadline,
were each offered twice for increased participation in an effort to give potential participating
agencies the information they needed to decide whether to participate in the pilot project.
Recordings of all three training webinars were made available for viewing shortly after the
conclusion of each of the training sessions.

5.1. Culvert Pilot Training

5.1.1. Culvert Data Collection Using Roadsoft

This training module was developed to provide an overview of the pilot and focus on three of
its primary aspects: equipment, data collection, and data validation. The webinar included
details on recommended equipment for culvert data collection, completing data collection with
Roadsoft using visual walk-throughs of the software to explain the processes needed to collect
each piece of information, and covered the overall process of data management and reporting
methods for the completion of the pilot.
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This training module was presented as a webinar on April 25, 2018 and again on May 1, 2018.
Attendance totaled 78 and positive feedback was received. The presentation slides from this
webinar are located in Appendix I. The recording of the April 25, 2018 webinar is available at
http://mtu.adobeconnect.com/pgqdijZilhma/

5.1.2. TAMC Michigan Local Agency Culvert Pilot Condition Evaluation Training

This training module gave an overview of the required inventory data categories and provided a
standardized method for collecting each piece of information. Recommended data collection
equipment was also presented. Culvert characteristics and related vocabulary were addressed
to clarify what each measurement or condition evaluation was analyzing. Rating tables were
provided to assist in the field with condition evaluation. Example culvert photos were
presented and participants were asked to rate them appropriately. These culvert photos
included examples on every material type considered in the pilot, along with a variety of culvert
conditions. Once participants attempted to rate each picture, the correct condition evaluation
was shown and discussed with reference to the culvert rating table. This process was crucial for
participants to understand how to use the culvert rating tables in the field to produce
consistent, standardized condition ratings. The training also explained how the individual
component ratings would be combined into a single overall culvert rating.

This training module was presented as a webinar on April 26, 2018 and again on May 2, 2018.
Attendance totaled 83 and positive feedback was received. The presentation slides from this
webinar are available in Appendix J. The recording of the April 26, 2018 webinar is available at
http://mtu.adobeconnect.com/pnbobuxmkt07/

5.1.3. Michigan Local Agency Culvert Data Submittal Training

This training module provided an overview of the culvert pilot data submittal process using
Roadsoft. The training also covered data submission for agencies not using Roadsoft. A
refresher was presented on building networks in Roadsoft for tracking the centerline-miles
traveled in the data collection efforts. Submitting the daily logs and any other data related to
the project to the CTT was presented at the end of the training.

This training module was presented as a webinar on July 24, 2018. Attendance totaled 65. The
presentation slides from this webinar are available in Appendix K. The recording is available at
http://mtu.adobeconnect.com/p0gdmzzygp35
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5.2. Other Resources

5.2.1. Frequently Asked Questions

The CTT created a “living” Frequently Asked Questions (FAQ) document based on questions
asked during the webinars, via email, and over the phone. The document was updated
periodically as the pilot project proceeded. The document covered questions ranging from
important dates, to funding specifics, to overall project guidance. The FAQ document is
included in Appendix H.

5.2.2. Daily Data Collection Logs

In addition to the FAQ, the CTT also created a daily data collection sheet template for agencies
to record and track activities related to the culvert pilot. The collection sheet is a typical daily
log asking for date; start and end times; specifics about the activity being performed; the
number of people on the collection team; the miles driven; the number of culverts rated and/or
inventoried; and any notes. These logs allowed the CTT to estimate the amount of effort
needed per culvert, culverts per hour, etc. The CTT also created a list of equipment
recommendations.

5.2.3. TAMC Culvert Pilot Web Page

The CTT created a TAMC Culvert Pilot web page to house commonly used working files including
a Windows Tablet Setup Guide, various driver files for the Windows tablet, and links to the
various webinar recordings. The CTT TAMC Culvert Pilot web page can be found at:
http://ctt.mtu.edu/tamc-culvert-pilot

The FAQ and other culvert pilot related files, along with copies of the presentations given
during the two training webinars, are hosted on the Support page of the Michigan
Transportation Asset Management Council’s website at :
https://www.michigan.gov/tamc/0,7308,7-356-82159---,00.html

5.3. Participating Local Agencies & Reimbursement Policy

Given the fixed budget, an unknown number of culverts that agencies would be collecting data
on, and an unknown number of agencies that were going to commit to participate in the pilot,
the TAMC bridge committee discussed several funding options and scenarios to equitably
distribute the funding amongst the participating agencies. The TAMC bridge committee decided
that all agencies that responded to the survey were eligible to participate in the pilot project.
Based on the survey results, agencies were divided into tiers based on their existing level of
culvert inventory as discussed in Section 3.2. Agencies were then organized into “rounds” based
on their tier and geographical proximity to other responding agencies. The first round included
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all Tier 3 agencies, and all other agencies that fell within the overall RPO/MPO boundary of the
response hotspots. The second round included all other agencies that responded to the survey.

It was determined that all participating agencies were to receive a fixed mobilization
reimbursement for training, purchasing of equipment to be used on the pilot, and for other
pilot-related activities. Counties received up to $10,000, and cities/villages received up to
$5,000.

The TAMC bridge committee determined the number of Public Act 51 certified centerline-miles
for all agencies that responded to the survey was the upper bound quantity and the only known
variable (as opposed to a per-culvert reimbursement) and could therefore be budgeted. It was
also believed that much of the culvert inventory effort would be related to the number of
centerline-miles traveled while collecting culvert data. Based on that, they determined that the
first round agencies were to receive $30/per-centerline-mile where they drove to collect culvert
data, not to exceed the agency’s Public Act 51 certified total centerline-miles. The TAMC bridge
committee couldn’t determine the amount of per-centerline-mile funding, if any, for the
second round agencies until after the April 30, 2018 commitment deadline. Fifty-two agencies
initially agreed to be part of the pilot project. This included twenty-five first round agencies and
twenty-seven second round agencies. Once the number of participating agencies was known,
the TAMC bridge committee determined that the second round agencies would also receive
$30/per-centerline-mile where they drove to collect culvert data, not to exceed the agency’s
Public Act 51 certified total centerline-miles. Details regarding the first round and second round
reimbursements can be found in Section 5.4 and Section 5.5, respectively.

Several agencies approached the committee after the April 30, 2018 commitment deadline
indicating their willingness to participate. Those agencies were allowed to participate as
volunteers with no reimbursement for expenses. None of the agencies that indicated that they
were willing to participate as volunteers submitted data, however. Also, three of the agencies
that initially indicated that they were willing to participate decided to withdraw from the pilot
after funding was allocated. Participating agencies are shown in Figure 5-1, as well as in Table
5-1.
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Figure 5-1: Culvert pilot participating road agencies

Planning Commissio

Table 5-1: Culvert pilot project participating road agencies

Tier Round RPO Agency Type Agency
2 1 WMRPC County Allegan County Road Commission
1 1 Networks Northwest |County Antrim County Road Commission
1 2 WUPPDR County Baraga County Road Commission
2 2 SCMPC County Barry County Road Commission
3 1 EMCOG County Bay County Road Commission
2 1 Networks Northwest [County Benzie County Road Commission
2 2 SCMPC County Cass County Road Commission
1 P SWMPC City of Benton Harbor
2 1 WMRPC City of Big Rapids
2 1 Networks Northwest City of Cadillac
p) 2 SCMPC City of Coldwater
1 1 EMCOG City of East Tawas
1 2 SEMCOG City of Farmington Hills
1 2 GLS-Region V City of Fenton
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Tier Round RPO Agency Type Agency

1 2 CUPPAD City of Munising

2 2 WMSRDC City of Muskegon Heights

3 1 SEMCOG City of Rochester Hills

2 p) Region 2 PC City of Tecumseh

1 1 EMCOG City of West Branch

3 1 TCRPC County Clinton County Road Commission

2 2 CUPPAD County Dickinson County Road Commission
2 1 Networks Northwest |County Grand Traverse County Road Commission
2 2 Region 2 PC County Hillsdale County Road Commission

1 2 WUPPDR County Houghton County Road Commission
3 1 EMCOG County Huron County Road Commission

2 1 Networks Northwest |County Kalkaska County Road Commission

3 1 WMRPC County Kent County Road Commission

1 2 WMSRDC County Lake County Road Commission

2 2 GLS-Region V County Lapeer County Road Commission

1 1 Networks Northwest |County Leelanau County Road Commission
1 2 CUPPAD County Marquette County Road Commission
2 1 WMRPC County Mecosta County Road Commission

3 1 EMCOG County Midland County Road Commission

1 1 WMRPC County Montcalm County Road Commission
2 2 WMSRDC County Muskegon County Road Commission
2 2 WMSRDC County Oceana County Road Commission

2 2 NEMCOG County Oscoda County Road Commission

2 1 WMRPC County Ottawa County Road Commission

2 2 SCMPC County Road Commission of Kalamazoo County
2 1 EMCOG County Roscommon County Road Commission
2 1 EMCOG County Saginaw County Road Commission

2 2 SEMCOG County St Clair County Road Commission

2 1 EMCOG County Tuscola County Road Commission

2 2 SWMPC County Van Buren County Road Commission
1 1 e Village of Caledonia

1 2 CUPPAD Village of Daggett

p) p) GLS-Region V Village of Lennon

1 2 EUPPRDC Village of Newberry

1 2 WMSRDC Village of Walkerville
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Status of Existing Culvert Inventory
Cities/Villages Participating in Pilot

Tier 3

6%

Tier 2
35%

Figure 5-2: Participating agencies by tier - cities/villages

Status of Existing Culvert Inventory
Counties Participating in Pilot

Tier 2
62%

Figure 5-3: Participating agencies by tier — counties
5.4. First Round Local Agencies

The TAMC initially selected twenty-five local agencies to be involved in the pilot based on their
willingness to participate and their ability to provide data that would contribute to the
statewide determination of the pilot goals. The selection of agencies to participate was at the
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sole discretion of the TAMC. First round agencies committed to participate were guaranteed
financial support for their pilot activity using the following guidelines:

1)

2)

3)

4)

5)

6)

7)

Each first round agency was given a fixed mobilization budget that was based on the
relative expense to commit to the pilot. The mobilization budget was intended to
compensate agencies for the time necessary to train staff, participate in meetings, and
purchase necessary collection equipment. The lump sum amount for each first round
agency was awarded as follows:

a. County road agencies were awarded $10,000.

b. Cities and villages were awarded $5,000 so long as they certify mileage of public
roadways.

c. Townships that expressed interest in participation of this pilot were not eligible
to receive an award; resources will be allocated to the respective County road
agencies.

First round agencies committed to participate were awarded a per-centerline-mile
payment for every centerline mile of road where all data elements are collected for all
roadway culverts present in that section. Road mileage that did not contain a culvert is
still eligible for reimbursement as long as the agency had field checked and verified that
no culverts are present. Existing culvert data could be used for this pilot, but it was to
have been field collected in 2013 or later, must reflect the current asset, and be
complete.

The per-centerline-mile payment for county road agencies will be $30 per-centerline-
mile of road where all roadway culverts are submitted

The per-centerline-mile payment for cities and villages will be $30 per-centerline-mile of
road where all roadway culverts are submitted

The total centerline miles of reimbursement cannot exceed an agency’s Public Act 51
certified total centerline miles

All data will be collected and stored electronically using an approved method (such as
Roadsoft) compatible with a state-wide database.

All data must have been submitted to the TAMC by July 30, 2018 to qualify for
reimbursement.

5.5. Second Round Local Agencies

To maximize the volume of data collected for the TAMC allocated funds, the TAMC also
determined that second round local agencies (any local agency that participated in the TAMC
culvert survey that was not selected as a first round agency) could also choose to be involved in
the pilot. Second round agencies agreeing to participate in the pilot were guaranteed a
mobilization budget; however, they were not guaranteed centerline mileage reimbursement
for their data collection activity unless there were remaining funds in the $2 million that had
not been allocated for other mandatory expenses. Remaining funding that was not allocated by
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August 10, 2018 was to be allocated to the secondary funding pool. Twenty-seven agencies
initially agreed to participate in the culvert pilot as second round agencies. This pool was
allocated to second round agencies using the following distribution guidelines:

1)

2)

3)

4)

5)

6)

7)

Each second round agency was given a fixed mobilization budget that was based on the
relative expense to commit to the pilot. The mobilization budget was intended to
compensate agencies for the time necessary to train staff, participate in meetings, and
purchase necessary collection equipment. The lump sum amount for each second round
agency was awarded as follows:

a. County road agencies were awarded $10,000

b. Cities and villages were awarded $5,000 so long as they certify mileage of public
roadways.

c. Townships that expressed interest in participation of this pilot were not eligible
to receive an award; resources were allocated to the respective County road
agencies.

Second round agencies committed to participate were awarded a per-centerline-mile
payment, if funds were available, for every centerline mile of road where all data
elements were collected for all roadway culverts present in that section. Road mileage
that did not contain a culvert was still eligible for reimbursement as long as the agency
field checked and verified that no culverts were present. Existing culvert data could be
used for the pilot, but it should have been field collected in 2013 or later, and must
reflect the current asset, and be complete.

The per-centerline-mile payment for second round agencies was determined to also be
$30 per-centerline-mile.

The per-centerline-mile rate of reimbursement for second round agencies could not
exceed the first round agency rate

The total centerline miles of reimbursement could not exceed an agency’s Public Act 51
certified total centerline miles

All data was collected and stored electronically using an approved method (such as
Roadsoft) compatible with a state-wide database.

All data must have been submitted to the TAMC by July 30, 2018 to qualify for
reimbursement.

5.6. Payment

All reimbursements for first and second round local agencies were processed through existing
project authorizations under the Asset Management Unified Work Program with regional and
metropolitan planning organizations (RPO/MPO).

Invoices for mobilization payments for first and second round agencies were submitted upon
the completion of the required data collection training and the pilot kickoff meeting;
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mobilization reimbursement requests were submitted by RPO/MPO on behalf of local agencies
using MDOT’s standard invoice format with activity reports.

First and second round agency per-centerline-mile payments were approved if all required data
was submitted to the TAMC prior to July 30, 2018. A breakdown of the allotted budget is
presented in Table 5-2.

Table 5-2: Breakdown of culvert pilot budget

TAMC Culvert Pilot Cost Breakdown

| Item Rate Quantity Total
Administration, Overhead, & Contingency
Administration 164,857
Overhead 5%| $1,646,153 82,308
Contingency 106,682
Subtotal 5353,847

Round 1 Agencies

Mobilization ($10,000/County,

. . 215,000 215,000
$5,000/City or Village)
Centerline Mile Reimbursement S30 23,126 693,792
Subtotal 5908,792
Round 2 Agencies
Mobilization ($10,000/County,
. . 215,000 215,000
$5,000/City or Village)
Centerline Mile Reimbursement S30 17,412 522,361
Subtotal 737,361
Total Pilot Budget $2,000,000

e Administration includes development and provision of training, data processing, and
development of the final report.

6. PILOT DATA COLLECTION

Data collection for this pilot occurred over thirteen weeks; local agencies collected and logged
data from April through July 2018. This section describes some of the inspection techniques
used by local agencies during data collection. It was the responsibility of each participating
agency to determine their own best practices and to prioritize culvert data collection based on
the types, locations, road classifications, etc.

6.1.1. Site Visit Information

Staff from the CTT rode along with nine local agencies to observe their culvert data collection
processes. Antrim, Baraga, Benzie, Houghton, Kalamazoo, Lake, Oceana, Roscommon, and Van
Buren county road agencies all hosted the site visits. The site visits were conducted in late June
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and early July. Site visits were planned for later in the data collection cycle to allow for a
“learning curve” and to observe the process after some trial and error in the collection process.

The agencies were selected based on their classifications from earlier in the pilot project
representing different Rounds and Tiers; the collection and storage tools that they were using
(Roadsoft LDC & tablet vs ArcGIS Collector as an example); and their availability and willingness
to participate in a short timeframe.

e Generally, all of the agencies had similar processes for data collection that varied slightly
based on the tools they used. The overall process was similar for all agencies regardless
of the number of people on the crew. Once the culvert was located, the location was
marked in Roadsoft LDC, and the various physical attributes were measured and
recorded. If condition evaluation was done, the values and ratings were recorded as
well.

e All of the county road agencies visited, except for Antrim, were using Roadsoft LDC to
collect their culvert data. Of those eight counties, six were running Roadsoft LDC on a
tablet, and the other two were running Roadsoft LDC on a laptop that they kept in the
vehicle.

e All of the county road agencies collected data on previously located culverts, while also
searching for other unknown culvert locations and collecting data on them if found.

e Benzie, Houghton, Kalamazoo, and Roscommon used a one-person crew to collect data.
Antrim used one to two-person crews depending on the day. Baraga, Lake, Oceana, and
Van Buren used two-person crews.

e Van Buren also recorded a full stream crossing survey for each applicable culvert, as
they received a grant from the Michigan Department of Natural Resources (DNR) to
collect aquatic organism passability data.

e Some agencies used a tape, roller wheel, or both to measure the culvert length.
Depending on the amount of traffic, they might measure from the end of the culvert to
the edge of the road, then measure the road width, then measure from the other edge
of road to the other end of the culvert. Others used a laser-measuring device either shot
through the culvert to the other side, shot to a marker above the roadway, or in steps
similar to the tape method.
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Figure 6-1: The Van Buren CRC collected stream crossing survey information in addition to collecting data for the
pilot project

6.1.2. Special Equipment & Techniques

Agencies that had tools, equipment, or techniques that varied greatly from the other agencies
are noted below.

The Antrim CRC was the only county road agency visited that was not using Roadsoft LDC to
collect culvert data. Antrim had recently made an investment into the ArcGIS suite of software
and tools, including a custom-built ArcGIS Collector interface that replicated the Roadsoft LDC
Culvert Module, that they used to collect their data. They sent out one to two-person crews to
collect data using an Arrow 100 GNSS remote GPS receiver mounted on a graduated rod at a
fixed height of 3.5 feet and an iPad running ArcGIS Collector. The culverts had already been
roughly located prior to the data collection by either placing marks on a paper map, or by crews
as they traveled the road segments. Once in the vicinity, the actual location was found, the GPS
sensor was placed on top of each end of the culvert, and the positions were recorded using the
iPad. Depending on the depth of cover, the graduated rod was used, or possibly a tape. If the
depth was greater than approximately 6 feet, the elevation data from the GPS points was used.
The other physical attributes and condition were then recorded on the iPad.

The Baraga CRC used an older optical Sokkia automatic-level (auto-level) mounted on a tripod
at a known fixed height. The auto-level was aligned at the edge of the roadway directly above
the culvert and the base angle measuring guide was reset so 90° was parallel with the roadway.
They then used a survey rod at the near end to determine the height and then calculate the
depth of cover. They then spun the auto-level and put the rod on the far end of the culvert to
get a height reading to determine that end’s depth of cover. Without moving the auto-level
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they were then able to get an angle reading from the base which was used to calculate the
skew angle.

The Benzie CRC consultant had a Leica Disto D810 Touch laser measuring device that worked
extremely well. The device has a built-in screen to make aiming at a target easy, even in bright
sunlight, which was a common complaint with the Bosch unit that CTT suggested. In addition,
the unit was able to measure and compute a horizontal distance and vertical distance when
measuring at an angle. This was useful for deep or difficult depth-of-cover measurements, as
well as culvert length measurements. When possible, the device was used to shoot the distance
straight through the culvert to the other end. They also had an older hand-held sight level that
was used in difficult or deep depth-of-cover situations when several setups might be required.
One interesting thing is that the consultant only recorded the deeper of the two depth of cover
readings in Roadsoft LDC, in the event they were different. The reasoning for this was for cost
estimating in the event the culvert needed to be replaced. While this reasoning is valid for cost
estimation purposes, the smaller depth of cover would likely be the control for structural
calculations.

The Road Commission for Kalamazoo County (RCKC) used a Spartan Explorer L200 Sewer
Camera System to visually inspect the inside of culverts, if needed or applicable. The system has
a camera mounted on the end of a flexible, but somewhat rigid hose on a reel that can be fed
through the culvert to view, record video, or take pictures. There are remote controlled LEDs
around the perimeter of the camera head to illuminate the inside of the culvert. The entire
system is mounted on a wheeled frame to make it fairly portable and easy to maneuver. Once a
culvert was located, if not already present the RCKC installed blade-style flexible markers with a
retro-reflective RCKC sticker indicating the year. The markers were driven into the ground as
near to the culvert as possible but offset from the edge of the road and outside of the obvious
mowing path.

The Roscommon CRC used a Quickview airHD wireless sewer camera. This was a completely
different type of camera than the Spartan model that Kalamazoo used. The Quickview airHD
was a fixed camera head mounted on an extendable, folding rod. The camera was wirelessly
controlled via an application that was installed on their Windows tablet. The camera could
record HD video or pictures, could be zoomed in to effectively look further into the culvert, and
had a laser rangefinder to measure the culvert length. In addition, Roscommon had a Leica
Rugby 810 rotating laser level mounted at a fixed height on a tripod. The inspector would set it
up at the edge of the roadway, then use a survey rod at the top of each end of the culvert and
record the readings.

Many of the agencies also had a survey style metal detector to help find buried metal culverts,
which worked well.
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Figure 6-2: Oceana CRC using a metal detector to try and locate a culvert
6.2. Jurisdictional Boundaries

For the purposes of this pilot, responsibility for inventory and condition evaluation of culverts
located within jurisdictional boundaries was to be determined on a case-by-case bases. Over
the course of the pilot no jurisdictional questions were brought before the TAMC Bridge
Committee for discussion.

6.3. Collection Strategy

Agencies selected to take part in this pilot were free to propose a collection strategy that best
fit their workforce. It was suggested that culverts be located and evaluated at the same time by
properly trained field inspectors. However, it was understood that an agency may have unique
circumstances whereby efficiency could be found by traveling some routes twice: once to
locate culverts and once to evaluate them, as an example.
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Some of the selected agencies had a portion of their data already collected. This may have been
a partial or complete location inventory of their culverts and may have even included varying
amounts of condition evaluation data. Differing evaluation strategies for these agencies was
also important in determining the costs for location and condition evaluation of culverts
throughout the state.

Lastly, some agencies may have already had an established inventory and condition evaluation
system in place. Integration of the data from this system into a centralized database was
another important part of the pilot study.

An agency’s tier determined their immediate tasks to perform. Agencies with no data would
start in Tier 1, whereas agencies with all culverts located and inspected would fall under Tier 3
and would engage in the data processing portion of the pilot. This multi-tiered approach
allowed the pilot to extract data at each level of the collection strategy in a shorter amount of
time. If an agency starting in Tier 1 was not able to fully process all data in the allotted time
frame the process will still be able to be tested by those agencies starting in one of the other
tiers.

6.4. Follow-Up Survey

The CTT and the TAMC Bridge Committee sent out a follow-up survey to all participating
agencies after the submittal deadline to garner information on lessons learned from the culvert
pilot. Thirty-six of the participants responded to the survey. The follow-up survey is included in
Appendix L.

Many of the respondents indicated an interest in continuing to collect inventory and condition
evaluation data on their culverts. Figure 6-3 indicates the frequencies with which respondents
plan to update their inspection and condition evaluations.
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PLANNED FREQUENCY OF
INVENTORY/CONDITION EVALUATION REVIEW

Annual , 13%

Unknown, 30%
2-3 years, 13%

3-5years, 43%

Based on 30 responses

Figure 6-3: Response to question: How frequently do you plan to evaluate the condition of your culverts?

When asked if an agency would vary their collection frequency based on any criteria, many
stated that they would conduct an inspection on culverts outside of their determined frequency
when a roadway was scheduled for construction; for culverts rated as poor; and for larger
culverts.

Nearly all respondents indicated their intent to use the data gathered during the culvert pilot to
advance their culvert asset management programs. Many indicated use of the condition
evaluations to either add to or create a maintenance plan for addressing culverts in need of
replacement. Some indicated the value of knowing GPS located coordinates for culvert
locations, as in the past culverts had been located physically in the field, but that practice was
no longer being performed. A few respondents mentioned how they had already put their
condition evaluation data to work by sending maintenance crews out to clean culverts.

Agencies were not limited in their means of collecting inventory and condition evaluation data.
Agencies determined the size of their crew and whether inventory and condition evaluation
data was collected by the same crew or different crews. 68% of agencies collected both
inventory and condition evaluation data at the same time.

When asked to describe the process used to conduct inventory and condition evaluation data
collection at the same time, many of the responses followed the same procedure; drive slowly
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down the road looking for signs of culverts, stop and visually confirm location (sometimes
requiring a metal detector), take inventory measurements, and conduct condition evaluation. A
few participants mentioned already having many of their culverts located electronically and
using that as a guide for field-locating. Others, who didn’t already have their culverts located
electronically, found this to be a more efficient route and spent some time in the office
gathering information to assist in field-locating the culvert.

“Early in the pilot project we just drove the roads looking for culverts and rating them as
we came to them. After it became clear to me that some culverts were being missed |
went back to construction plans and annual reports (where the information was
available) to record the location, size and length and add them into the "Culvert
Module" in Roadsoft while in the office. This cut down on the missed culvert and
improved our accuracy on size which we verified in the field.”

Participating agencies were asked to list the tools they used to participate in the pilot. In
addition to those listed in Section 4.5, the following tools were found to be useful or
recommended:

e Machete

e Cardboard or mat - for kneeling/laying on to see inside of culvert to prevent contact
with poison ivy and other harmful plants, moisture from dew or rain, and heat
protection when making contact with the culvert.

e Measuring wheel

e Telescoping level rod for measuring culvert span

e Camera with floatation device/360 degrees

e 3,500 lumen flashlight
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Figure 6-4: The Road Commission for Kalamazoo County used a sewer camera to inspect some culverts

Those agencies who separated the inventory and condition evaluation procedures generally
sent one crew ahead of the condition evaluation crew to locate culverts, mark them in the field,
and if they were not already on a GIS map they were added. The condition evaluation crew
could then use the collected location data to quickly find each culvert and conduct the
evaluation.

Several agencies found efficiencies by sending out several crews for inventory and condition
evaluation:

“We purchased three sets of equipment. We trained two people from each of our three
garages so that we had backup. Anticipating that we would not have enough time to
cover all roads, | wanted to get as much rating time as possible. Only one person to a
crew so we had three different crews operating most of the time once we started. We
were able to cover all roads in the time we had using the three — one-man crews. Each
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person would locate, shoot the GPS points and rate the conditions at each location at
one time.”

Another agency sent out two crews in an organized pattern for standard culverts and combined
the two crews for deep culverts which required a greater effort to locate and condition
evaluate:

“We focused on the section line roads in the county first and when those were complete
we went into the subdivision streets. We would complete one township before moving
to the next township. One crew would survey the east/west section line roads and
another would survey the north/south section line roads. For the culverts that appeared
to be less than 10' deep the crews would get all measurements and evaluate at that
time. For the ones that appeared to be greater than 10' in depth they would mark the
GPS location and then team up with the other crew once the rest of the township was
finished to get the information on the deep culverts.”

The crew sizes varied for each agency, see Figure 6-5. While many of those using one-person
crews felt this was adequate, they expressed that two-person crews would be ideal. Those
using two-person crews tended to express this as most beneficial. Agencies with two-person
crews cited several reasons for this selection; safety concerns (especially with flowing water),
division of measuring and recording tasks, and increased efficiency by paring an experienced
full-time employee with a summer intern.

Crew Size Used by Responding Agencies

1 Person
35%

2 People
55%

Based on 31 responses

Figure 6-5: Reported crew size used by local agencies for pilot

Survey respondents were asked to estimate the time spent on the inventory and evaluation of
each culvert, on average. While the results indicated a wide range of values, with a few more
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than an hour, most respondents indicated between 10 and 40 minutes per culvert, see Figure
6-6.

Estimate of Time per Culvert to Collect Data

35%
30%
25%

20%

15%
10%

5%

<10min  10-19min  20-39 min  40-59 min  60-79 min 80-100min >100 min

0%

Collection Time (min)

Based on 31 responses

Figure 6-6: Estimated time per culvert for data collection

Survey respondents were asked to recommend an ideal time of year for collecting culvert data.
The responses varied greatly; however, the rationale behind most recommendations can be
summarized as a balance between minimal vegetation and enough flowing water to help
identify culvert locations but not so much to prevent safe evaluation. Many respondents cited
poison ivy and thick vegetative growth as a primary issue with the time of year established for
the pilot collection. Many cited early spring or late fall as the ideal times for culvert data
collection.
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Figure 6-7: Many follow-up survey respondents indicated that gathering culvert data would be easier with minimal
ground cover

Pilot participants were asked if they did not complete their culvert inventory and condition
evaluation, did they plan to do so outside of the culvert pilot. 78% said they planned to
complete their inventory and 72% said they planned to complete their condition evaluation, see
Figure 6-8 and Figure 6-9, respectively.
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RESPONDANTS WHO PLAN TO
COMPLETE INVENTORY COLLECTION

Yes, 78%

Based on 18 responses

Figure 6-8: Response to question: If you did not complete your inventory, do you have plans to do so?

RESPONDANTS WHO PLAN TO
COMPLETE CONDITION EVALUATIONS

No, 28%

Based on 18 responses

Figure 6-9: Response to question: If you did not complete your condition assessments, do you have plans to do so?

When asked about anything unexpected discovered while conducting the inventory and
condition evaluations many agencies cited poison ivy, small animals (ground hogs, skunks,
raccoons, mink, and porcupines), and ticks as things to be aware of when approaching a culvert.
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In conclusion, survey respondents were asked to share any final comments that they had on the
culvert pilot. Representative comments are provided below:

e |t was a rushed timeline but we knew that at the start. We would like to continue this
process and expand it to other facilities. We already have the primary road guardrail
logged but would like to include curb & gutter, catch basins and signs.

e | think the culvert rating system is too complicated. Having 10 rating levels on each
category is far more information than we require. The first three categories on the
rating, Structural Deterioration, Invert Deterioration, and Section Deformation can all be
lumped into one. If anyone of the three are failing, then the culvert is failing. Joints and
Seams are usually difficult to determine unless the culvert is large enough to walk into.
If we rate the culverts "Good, Fair, Poor and Failed" that would serve the purpose. We
replace culverts if we think they have 10 years of life or less when we are resurfacing a
road. In other words, if we can poke holes in them anywhere we replace them. Lack of
adequate length can also trigger replacement.

e This was a good Pilot Project and we were given adequate guidance and means to be
able to collect the data.

e We will continue to evaluate and rate culverts for our own use as time allows. This was a
great way to kick-start something that has been a necessity for our county to do for
years.

e Hope in the future that the TAMC funds culvert inventory like they do the local road
rating.

e Absolutely needs to be completed for every road agency for management and funding.
Major, major concern in our county

7. DATA ANALYSIS

During the culvert pilot, local agencies were encouraged to use any methods they preferred to
field collect and store data. The wide adoption of Roadsoft as a “one stop application” for local
agency asset management, and its fully-developed culvert module with associated GPS enabled
data collector made it a popular choice for data collection and storage during the pilot.
Roadsoft LDC and Roadsoft were updated during the pilot project to add extra functionality
required to address specific needs for the pilot project. At the conclusion of the data collection
period, the majority of participants used Roadsoft to submit their culvert data and road
network of miles covered directly to the Michigan Department of Technology, Management
and Budget (DTMB) Center for Shared Solutions (CSS). The DTMB CSS coordinates the
integration, storage, and use of data within the Michigan Geographic Framework. The CTT
worked closely with CSS to build the Roadsoft functionality to allow users to upload the data
directly to CSS.
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Of the 49 agencies that participated in the pilot project, 44 of them used Roadsoft to submit
their data. Four agencies used ArcGIS to collect and store their culvert data during the pilot

project. One agency used a Microsoft Access database to store their collected data. These five

agencies submitted their data to the CTT, who in turn submitted the data to DTMB CSS for
processing and placement into the statewide geographic database.

Central
Database
Culvert Data

Roadsoft

Roadsoft
Culvert Data

Figure 7-1: Culvert pilot data submittal flow chart

Non Roadsoft
Culvert Data

7.1.1. DTMB Recommendations to Improve Culvert Collection

Based on their experience with processing and managing data submitted from participating
agencies, the DTMB provided suggestions for any larger scale future culvert data collection

projects. Data standardization for non-Roadsoft users is one of the biggest things they noted.

addition, they suggested the following:

e Domains for key attributes:
0 Material Type
Shape
Units
Limits for height and width
Rating
O Surface Type

O ©0 O O

e Required fields should be established that meet the minimum requirement for a valid

culvert. Some of the non-Roadsoft agencies submitted data that didn’t include all of the

data fields that were asked for. There wasn’t a way to validate the data or ensure that

the minimum requirement was met.

e While the point location in the center of the road can facilitate culvert location, DTMB
feels there is greater utility in having the upstream opening and downstream opening
located. This conveys directionality, length, and lends itself to hydrologic modeling. It

also reduces the error that can come from incorrectly guessing the skew angle. If
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elevation could be collected even better. The caveat to this is that it also requires an
extremely accurate, survey-grade GPS for data collection.

e Ownership is being inferred from the road network (MGF); however, the source of the
culverts should be collected. This can be cross referenced with the road network to
identify incongruities. It would also ensure that the agency responsible for the data can
be properly identified and contacted if need be.

7.1.2. CTT Recommendations to Improve Culvert Data

e Submission from Roadsoft needs to include a FIPSCODE (for City/Village) or FIPSCO (for
County) to indicate the agency that is submitting the data to better collate the data and
differentiate between collections on boundary roads or on roads that according to
Framework are not theirs.

e Passing data through the CTT for collation before passing a complete set to CSS for
inclusion in a central database would increase efficiency in data processing.

e Data mapping should be incorporated into Roadsoft to consolidate Culvert Materials
identified by various agencies. The pilot data contained numerous labels for corrugated
metal pipe due to agency naming preference and misspelling.

e Including photos in the submission may be helpful to an agency but with differing
upload speed this could present upload and storage issues. For example, an agency with
1500 culverts could have 6 photos each at ~250KB (conservatively) which would be
about 2 GB to upload. Average upload speed is between 1 and 25 mbps, so a 2GB file
could take from 20 minutes up to 4 hours for a slow (DSL) connection.

7.2. Evaluation of Pilot Collection Data

7.2.1. Extent of Collection

Pilot studies are important steps in implementing any large-scale effort because they prove the
viability of a scaled-up effort, as well as provide refinements that ease implementation. Pilot
studies also provide tangible data that can be used to estimate the scope and needed resources
for a full-scale implementation.

The culvert pilot collected inventory data on nearly 50,000 culverts from a number of
geographical locations, agency sizes, agency types, and a variety of road functional classes.
Figure 7-2 illustrates the geographic location of all the culverts submitted by local agencies
during this pilot. Appendix M includes regional maps similar to Figure 7-2 showing culvert
locations on a smaller scale where the distribution of culverts is more evident.
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Figure 7-2: Roadsoft screenshot showing statewide culvert data from the pilot

Table 7-1 and Table 7-2 illustrate the network size of roads owned by pilot agencies, the
individual pilot collection network within each agency, and the total number of culverts each
agency has in their inventory. The approximate total road network size was derived from the
Michigan Geographic Framework V17 base map using the county left/right field to designate
ownership. This method produces minor over-estimations in mileage as boundary roads are
counted twice. Analysis indicates this over estimation is approximately 1.79% for county road
agencies and 3.80% for cities and villages.
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Table 7-1: Number of submitted culverts and road network size by county pilot agency participants

Number of
Culverts Approximate Inventory

Recordedin  Road Network Considered
Owner Agency Inventory* Size (miles) Complete **
Allegan County 2,303 1,813
Antrim County 1,317 874
Baraga County 708 487
Barry County 970 1,095 v
Bay County 1,883 1,061 v
Benzie County 563 632
Cass County 1,506 1,024
Clinton County 2,202 1,200
Dickinson County 821 525
Grand Traverse County 922 1,022
Hillsdale County 1,497 1,205
Houghton County 961 829
Huron County 3,632 1,635
Kalamazoo County 1,620 1,278 v
Kalkaska County 399 857 v
Kent County 2,399 1,996 v
Lake County 491 1,005 v
Lapeer County 305 1,339
Leelanau County 231 587
Marquette County 1,923 1,245
Mecosta County 2,805 1,138
Midland County 2,594 901 v
Montcalm County 727 1,546
Muskegon County 2,065 1,131
Oceana County 972 1,090
Oscoda County 579 733
Ottawa County 3,084 1,697 v
Roscommon County 253 867
Saginaw County 2,401 1,882
St. Clair County 292 1,552
Tuscola County 4,329 1,655 v
Van Buren County 1,968 1,354
County Total 48,722 37,256
* Inventoried culverts represent those already on an agencies inventory and
those identified and added during the pilot
** An agency's inventory was considered complete if their reported inventoried
mileage was at least 97% of their Public Act 51 certified centerline miles to
allow for discrepencies due to boundary roads
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Table 7-2: Number of submitted culverts and road network size by city/village pilot agency participants

Number of
Culverts Approximate Inventory

Recordedin  Road Network Considered
Owner Agency Inventory* Size (miles) Complete **
Benton Harbor 3 57 v
Big Rapids 10 38 v
Cadillac 29 63 v
Caledonia 10 8 v
Coldwater 12 58
Daggett 10 5 v
East Tawas 28 27
Farmington Hills 468 305 v
Fenton 32 53 v
Lennon 12 4 v
Munising 28 19 4
Muskegon Heights 10 69
Newberry 5 14 4
Rochester Hills 260 260 v
Tecumseh 10 46 v
Walkerville 1 5
West Branch 14 14 v
City Total 942 1,044
* Inventoried culverts represent those already on an agencies inventory and
those identified and added during the pilot
** An agency's inventory was considered complete if their reported inventoried
mileage was at least 97% of their Public Act 51 certified centerline miles to
allow for discrepencies due to boundary roads

The pilot collection network describes the size of the area where new data was collected for
this pilot; however, submitted data sets also included historical culvert data which was
considered to be outside of the collection network established by this pilot. While the historic
data may be helpful, especially for the inventory of culverts, the data collected may not have
been consistent with the collection and evaluation methodology established for the pilot.
Approximately 14,000 historical culverts were included in the data set that were outside the
collection network.

Some pilot cities included more miles of road in their collection networks than they owned,
resulting in over 100% completion. These cities included boundary roads or other jurisdictional
owner’s roads in their network.

The pilot collected culvert data on over 19,500 center line miles of local roads, which represents
approximately 18.4% of all local roads in the state. This figure should be viewed as an absolute
minimum, since many agencies included historical culverts in their reported data.
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Table 7-3 compares the percentage of all Michigan local agency-owned roads with respect to
federal-aid and Act 51 classification to the pilot agencies. The data indicates that there is an
over-representation of county roads and a corresponding under-representation of city and
village roads in the pilot. This over/under-representation is apparent in the percentage of roads
in the pilot agency networks relative to the remainder of the state. Table 7-3 also includes the
network distribution of culverts collected on the pilot, which also show the bias toward county
roads in the pilot.

The over-representation of county roads in this pilot should not be a concern, since the county
owned network is significantly larger than the city/village owned network (4.7 times the size).
The additional data density will allow a more precise estimate of this important road network.
County road agencies own 109,685 miles, whereas cities/villages make up 23,227 miles in the
state.

This data suggests that the data collected during the pilot will be representative of the rest of
the culverts in the state due to its broad geographic distribution, the varied types of local
agency sizes, and varied functional classes of roads where culvert data was collected.

Table 7-3: Statewide and pilot agency network metrics

Non Fed | County County City City
Approximate Fed Aid Aid Primary Local Major Minor
Total Miles (miles) (miles) | (miles) (miles) | (miles) (miles)
All county 91310 23215 68096 27433 63878 NA NA
All City 20550 4340 16209 NA NA 6318 14231
Total 111860 27555 84305 27433 63878 6318 14231
Percent of Total 25% 75% 25% 57% 6% 13%
Pilot County 37256 8785 28471 10456 26800
Pilot City 1030 208 836 288 757
Total 38286 8993 29307 10456 26800 288 757
Percent of Pilot 23% 77% 27% 70% 1% 2%
Percent Pilot of All Roads 34% 23% 77% 27% 70% 1% 2%
NonFed | County County City City
Fed Aid Aid Primary  Local Major Minor
Total Culverts Culverts  Culverts | Culverts Culverts | Culverts Culverts
All county 48722 12900 35822 15216 32728 125 90
All City 942 163 779 3 9 203 710
Total 49664 13063 36601 15219 32737 328 800
Percent of Pilot 26% 74% 31% 66% 1% 2%
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7.2.2. Classification of Culverts from Data

Inventory data collected from the culvert pilot provides a rich source of data that can be used
to draw conclusions about the characteristics of the overall local agency road network.
Inventory data can be described as having a long “shelf life” since it does not change once a
culvert is installed unless construction or maintenance work occurs.

Figure 7-3 illustrates the road surface type that was present during pilot data collection. Not
surprisingly, the most frequent road surface type was asphalt pavement followed by gravel. The
road surface type provides important information that can be used for the estimation of
replacement costs, since restoration is a significant expense.

Reported Culverts by Road Surface Type

Seal Coat
4%

Gravel

Asphalt
66%

1% /

Concrete__—

Composite
1%

49,664 culverts inventoried, 47,850 recorded road surface type

Figure 7-3: Reported culverts by road surface type

Michigan Local Agency 2018 Culvert Inventory Pilot Evaluation Report 51



Figure 7-4 illustrates the culvert depth of cover for the pilot data collection. Depth of cover is
measured from the top of the road to the top of the culvert. Of culverts collected in the pilot,
85% were located less than 6 feet deep.

Reported Depth of Cover
(inches) (top of pavement to top of pipe)

73" to 120"
5%

25" to 48"
37%

49,664 culverts inventoried, 37,997 recorded depth of cover

Figure 7-4: Culvert depth of cover measured from top of pavement to top of culvert
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Culvert depth data provides information that can used to determine the difficulty of replacing a
culvert as well as the specific costs associated with it. This data can also be used as a measure
of the risk of failure of a culvert, since deeper culverts typically have a higher capacity to retain,
then catastrophically release water in the event of a culvert failure.

Figure 7-5: Baraga CRC using the auto-level and rod to measure depth of cover

Figure 7-6: A graduated rod, tape measure, and sight level were also used to determine depth of cover
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Figure 7-7 illustrates the material of construction for culverts from the pilot data collection. The
majority of culverts are constructed of corrugated steel, followed by concrete. The culvert
material is a factor in determining the useful life and replacement cost of a culvert asset. This
data can also be used to provide clues to the culvert’s age, since masonry and tile culverts are
typically older conduits, while newer material like plastic and aluminum are typically of a more
recent construction.

Reported Culverts by Material Type

Timber
0%_ Other

Aluminum

Plastic 1%

5%

Masonry / Tile
1%

Concrete
21%

Corrugated

Steel Pipe
69%

49,664 culverts inventoried, 47,690 recorded material type

Figure 7-7: Reported culverts by material type
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Figure 7-8 illustrates the shape and form of culverts collected during the pilot. Of all culverts
collected, 88.9% were circular. Circular culverts are used for simple crossings that do not
require a large opening area to pass stream flows. Circular culverts larger than 60 inches in span
are less common since other culvert shapes and forms such as arches, boxes and
slab/superstructures can accommodate larger openings with fewer design considerations and
lower cost. Culvert shape has a significant impact in estimating culvert cost, since circular
culverts are relatively inexpensive and are typical of smaller crossings. Culvert shape also
influences the type of distresses or failure modes that may be a concern. For example, bottom
scour is not typically an issue for round culverts but can be very catastrophic for open
bottomed three sided culverts.

Reported Culverts by Shape

Elliptical | 0.0%
Oblong | 0.2%
Low Prof Arch | 0.0%
Vertical Ellipse 0.1%
Underpass ’ 0.0%
Slab/Superstructure & Abutment | 0.1%
Rectangular 2.1%
Pipe Arch t 2.6%
Pear | 0.0%
Other 0.3%
Multi-cell Box | 0.0%
Low-Profile Box | 0.0%
Low Profile Arch 0.2%
Horizontal Ellipse 1.8%
High Profile Arch | 0.1%
Circular

88.9%

Box 1.1%
Bottomless | 0.0%
Arch 2.2%

3-sided | 0.2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

49,664 culverts inventoried, 47,605 recorded shape

Figure 7-8: Culvert shape and form by percent of all culverts
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Figure 7-9 illustrates the various spans for circular culverts collected during the pilot. Of the
reported culverts, 90% were 48 inches in span or smaller. The number of culverts in each
classification generally decrease with increasing size. Culvert span is a significant factor in
determining the cost of replacing a culvert. Culvert size is also a major factor in the
consequence of failure of a culvert, since larger culverts typically pass larger water flow and
cause more severe disruption during a failure.

Reported Culverts by Span/Diameter
(inches)

>48"

&

30"
4%

49,664 culverts inventoried, 35,711 recorded span or diameter

Figure 7-9: Circular culvert span/diameter by percent and number. Culvert size ranges include all sizes below the
marked range and the next lowest range

The pilot data set represents over 2.2 million feet (425 miles) of culvert pipe. Most culverts in
the pilot were of similar length, with an overall average 43.6 feet. Pipe length along with pipe
span are the key determinants in culvert cost.

7.2.3. Culvert Condition

Approximately 69% (34,354 culverts) of the culverts collected from the pilot included a
condition rating. Of the rated culverts, 78% (27,234) had ratings collected in 2018 and 92%
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were rated in the last five years. Figure 7-10 illustrates the breakdown of culvert condition data
by date into percentages.

Reported Year of Culvert Condition Evaluation

<1994 2003-1994
1%

2018-2014
92%

49,664 culverts inventoried, 34,998 recorded year of evaluation

Figure 7-10: Culvert ratings percentage by year

Condition assessments indicate that the majority of the culverts inspected were in good
condition with 27.0% of the rated culverts holding condition ratings of 8 (good) or better, and
67.2% of the rated culverts holding conditions ratings of 6 (fair) or better. The condition rating
scale for this pilot project ranged from 1 (failed) to 10 (new). 69.2% of the culverts inventoried
for the pilot included a condition rating. Figure 7-11 illustrates the overall reported culvert
condition.
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Overall Reported Culvert Condition Rating
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Figure 7-11: Overall culvert condition rating

The culvert condition rating exhibits a strong bell-shaped distribution with a reduction in
frequency of ratings further away from the mode. This bell shape is typical of normally
distributed data and has been observed in pavement condition data from Michigan. There is a
secondary peak in condition data at the 4 rating.
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Figure 7-12 illustrates the condition of the pilot culverts with respect to material of
construction. The secondary condition peak at rating 4 appears to be the result of corrugated
steel culverts which make up a disproportional number of culverts in this peak. It is also
interesting to note that overall plastic culverts appear to be in slightly better shape than their
counterparts with a mode of 8, which is one rating higher than the overall trend. This may be
related to the relative newness of plastic culverts; however, without age of construction data
this is merely conjecture. Please note that the TAMC does not support any particular culvert
material type. The reported condition rating results represent culverts over a wide range of
service life. Some materials have been historically available, others may represent new
construction, age of culvert is not represented in these figures.

Culvert Condition by Material of Construction
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Figure 7-12: Culvert condition by material of construction
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Figure 7-13 and Figure 7-14 illustrate the condition of the pilot culverts with respect to span,
and depth of cover, respectively. There does not appear to be a significant difference in

condition relative to span or depth of cover.

Reported Culvert Rating by Span (inches)
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Figure 7-13: Culvert condition by size ranges of span and height for all culvert shapes
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Figure 7-14: Culvert condition by depth of cover
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7.3. Statewide Estimate of Culvert Quantity

The pilot project collected two data sets which were used to create culvert density factors using
three road network subdivision schemes (single network, federal-aid/non-federal-aid split, and
county by region). This combination of data sets and geographic subdivisions results in six sets
of density factors.

Culvert density factors relate the number of culverts per mile on a given road network. These
factors are multiplied by the total lane miles of roads on the local agency owned road system to
make estimates of the statewide quantity of culverts.

7.3.1. Collection Area Data Set

Pilot agencies were required to create a GIS file that outlined the geographic area that they
collected data for the pilot. This collection area defines the boundaries where all culverts were
identified. The collection area included 36,251 miles of county roads and 1,044 miles of city and
village roads. Culverts within the collection area were counted and summarized by each agency.
The collection area data set included approximately 48,321 county culverts and 942 city and
village culverts.
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Figure 7-15: Example Roadsoft screenshot showing culvert locations and the road network where culvert data was
collected

Culvert density factors were calculated by dividing the miles of road in the collection area by
the number of culverts identified in the collection area. Density factors were calculated as an
aggregate for each agency in the single network analysis and were subdivided by the federal-aid
road status on the federal-aid/nonfederal-aid split analysis. These methods resulted in one set
of average density factors for county road agencies as an aggregate and cities as an aggregate.

The regional impact of geography, population density and road density were examined by
calculating culvert density factors for three regions in the state: The Upper Peninsula, Northern
Lower Michigan, and Southern Michigan. The subdivision between the Northern Lower and
Southern Michigan data sets were divided based on a line running from the north edge of
Muskegon County to the north end of Macomb County and subdividing counties based on
where the majority of their mass fell along this line. Cities/villages were not subdivided by
region but were aggregated together as a unit.

7.3.2. Daily Progress Log Data Set

Pilot agencies were requested to take daily progress logs during field work which specified the
number of culverts inventoried in a day and the number of miles of road where all culverts
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were inventoried for the day. This data set provides culvert density factors as well as data
collection production rates which is described in the next section of this report. Daily logs only
produced an aggregate culvert density for the agency and was not specific enough to subdivide
by federal-aid/non-federal-aid road networks. Regional impacts were assessed by subdividing
counties in the same method as described above.
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Figure 7-16: Example daily collection log and highlighted map as used in the field. Note that this is the same agency
as the Roadsoft screenshot shown in Figure 7-15.
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Table 7-4 illustrates the range of culvert density factors and their association with the methods
for calculating statewide culvert estimates.

Table 7-4: Culvert density factors calculated for local road agencies considering regionality, road network type, and

agency type
Single Single
Network Fed Aid/ NFA Network Network Fed Aid/ NFA Network
County
Method Road Network Culverts/ | County Fed City Culverts
Number Density Factor Source Subdivisions Regionality Mile Aid County NFA / Mile City Fed Aid  City NFA
1|Average of Collection Area Single Network Aggregate of Counties 1.81 NA NA 0.95 NA NA
2|Average of Collection Area Fed aid / NFA split Aggregate of Counties NA 1.84 1.82 NA 0.89 1.16
3|Average of Collection Area Single Network County by region
Upper Peninsula 3.17 NA NA 0.95 NA NA
Norther Lower| 174 NA NA 0.95 NA NA
Southern Lower]| 1.41 NA NA 0.95 NA NA
4| Average of Collection Area Fed aid / NFA split County by region
Upper Peninsula NA 3.99 2.84 NA 0.89 1.16
Norther Lower] NA 1.69 1.79 NA 0.89 1.16
Southern Lower| NA 1.28 1.49 NA 0.89 1.16
5|Daily Logs Single Network Aggregate of Counties 2.09 NA NA 1.11 NA NA
6|Daily Logs Single Network County by region
Upper Peninsula 3.89 NA NA 1.11 NA NA
Norther Lower| 176 NA NA 111 NA NA
Southern Lower 1.75 NA NA 1.11 NA NA

The statewide total culvert estimates were calculated using six discrete methods. Each method
used a different combination of culvert density factors and geographic subdivisions. All
methods used separate average culvert densities for county road agencies and cities/villages
because there is a significant difference in how each agency employs culverts, resulting in a
lower density for cities than county road agencies.

The center line road mileage for each of the 535 cities/villages and 83 county road agencies
that own roads in Michigan were multiplied by the respective culvert density factors to produce
an estimated number of culverts. Table 7-5 illustrates the calculated total of locally-owned
culverts for both cities and county road agencies using the six calculation methods.

Table 7-5: Summary of statewide local agency culvert estimation methods

Difference

Method Road Network County City Statewide From
Number Density Factor Source Subdivisions Regionality Culverts Culverts Culverts Highest

1 Average of Collection Area |Single Network Aggregate of Counties 164,893 19,590 184,483 86%

2 Average of Collection Area |Fed aid / NFA split |Aggregate of Counties 166,466 M 22,682 189,148 89%

3 Average of Collection Area |Single Network County by region 159,349 19,590 178,939 84%

4 Average of Collection Area |Fed aid / NFA split |County by region 161,252 22,682 183,934 86%

5 Daily Logs Single Network Aggregate of Counties 190,839 22,810 213,649 100%

6 Daily Logs Single Network County by region 182,207 22,810 205,017 96%

All of the calculation methods appear to produce reasonable results. Subdividing between
regions and federal-aid networks did not appear to make a significant difference in the
estimate, which was a surprise, since regional culvert density factors ranged from 3.99 culverts
per mile for the upper peninsula federal-aid system, to 1.28 culverts per mile for the southern-
lower peninsula federal-aid system.
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The largest differences in the estimates of statewide culvert volume resulted from differences
in the two data sources which each have their own source of error. The difference between the
high and low estimates of all methods is 45,054 culverts, which is 21% of the highest estimate.

The total number of culverts that are on the locally-owned road system represent a significant
asset. It is estimated that local agencies own between 7.3 to 9.2 million feet (1,389 to 1,756
miles) of culvert, using data from the state-wide culvert estimate and the pilot average culvert
length of 43.6 feet per culvert. As a basis for comparison, this is enough culvert pipe to build a
single straight culvert from Houghton, Michigan to Miami, Florida.

7.4. State Wide Culvert Replacement Value

A broad estimation of culvert replacement cost was calculated for the locally-owned road
system. Average unit prices were analyzed from MDOT bid letting on culvert end sections and
culvert pipe bid in 2016 and 2017. The quarterly average bid letting prices were aggregated
based on pipe size for round culverts. An average of each quarterly letting was calculated for
each pipe size. The average cost by pipe span were plotted and a nonlinear function was fit
through the points

Figure 7-17 illustrates this process. These same techniques were used to derive a function for
culvert end sections which is illustrated in Figure 7-18.

Culvert per Foot by Diameter 2017 and 2016 letting
All Material and Classes

¥ =0.0549% + 0.8853x + 26.253
R? = 0.9666

Dollars Per Foot

Figure 7-17: Average cost per foot of round culvert pipe and end culvert end sections calculated by size regardless
of material from 2016 and 2017 lettings.
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End Section Cost by Diameter 2017 and 2016 letting
All Material and Classes
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Figure 7-18: Average cost per each for culvert end sections calculated by size regardless of material from 2016 and
2017 lettings

The formula expressions of cost for culvert pipe and culvert end sections as they relate to size
were used to create a typical culvert replacement project. The typical project includes 32 feet
of culvert pipe and two 8-foot end sections. Construction activity on the typical project includes
removing the existing culvert and installing a new culvert, end sections, and related restoration
costs. These costs were again plotted against size and reduced to a total project cost formula
with is illustrated Figure 7-19.
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Culvert Replacement Project By Diameter
Round Culverts
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Figure 7-19: Typical culvert replacement cost by span. Cost includes installation of 32 feet of culvert pipe and two
eight-foot end sections with associated restoration.

The distribution of circular culvert sizes observed in the local agency culvert pilot were used as
a proxy to estimate statewide culvert value by multiplying the percentage of each size range by
the total estimated number of culverts (196,000) that are locally-owned. The total project cost
formula was multiplied by each span range to calculate a cost for each span size. Table 7-6
illustrates the calculations of state-wide culvert cost. 88.9% of all pilot culverts were identified
as circular, so while this method may underestimate the cost for other culvert shapes, it does
provide a simple method to estimate an order of magnitude for the asset value.
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Table 7-6: Estimation of total cost of local agency owned culverts in Michigan

Culvert Estimated

Pilot Culvert Span Pilot Size Number of Cost / Each
Total (in) Distribution ] Culverts In State| Culvert Project | Cost For All Project
5911 12 16.6% 32,4431 % 2,416 | $ 78,392,329
7132 15 20.0% 39,1441 % 3,064 | $ 119,948,327
8344 18 23.4% 45,796 | $ 3,755| $ 171,961,955
4721 24 13.2% 25,911 | $ 5264 | $ 136,408,675
1430 30 4.0% 7,849 | $ 6,945 | $ 54,507,322
2368 36 6.6% 12,997 | $ 8,796 | $ 114,322,341
2212 48 6.2% 12,141 ] $ 13,012 | $ 157,967,973
304 54 0.9% 1,669| $ 15,376 | $ 25,654,305
1018 60 2.9% 5587 | $ 17,9111 $ 100,071,693
215 66 0.6% 1,180 $ 20,616 | $ 24,327,973
810 72 2.3% 4,446 | $ 23,493 $ 104,443,420
517 84 1.4% 2,838 | $ 29,759 | $ 84,444,101
347 96 1.0% 1,905| $ 36,709 | $ 69,913,291
188 120 0.5% 1,032 $ 52,660 | $ 54,336,566
194 240 0.5% 1,065 $ 173,431 $ 184,663,661
100.0% 196,000 $ 1,481,363,931

It is estimated that the total replacement value of locally-owned culverts in Michigan exceeds
approximately $1.48 billion.

7.5. State-Wide Collection Labor Estimate

Pilot agencies were requested to complete daily progress logs during field work which specified:
the number of culverts inventoried, number of miles driven, miles of road where all culverts’
data was collected, the type of collection activity, and the number of people on the collection
team. This data set provides data for determining collection productivity benchmarking which
can be used to estimate the labor commitment for a scaled-up data collection.

A summary of the data collected in the culvert daily progress logs is shown in Table 7-7. Data
collection time was calculated based on the time actively rating or inventorying culverts or
transiting to and from culverts based on log entries. Breaks for lunch and switching of rating
crews were deducted from actual productive rating time. Collection rates were calculated as an
average for each agency. Agency averages were aggregated by regional and agency type
subdivisions.

The regional impact of geography, population density, and road density were examined by
calculating production rates for three regions in the state: The Upper Peninsula, Northern
Lower Michigan, and Southern Michigan. The subdivision between the Northern Lower and
Southern Michigan data sets were divided based on a line running from the north edge of
Muskegon County to the north end of Macomb County and subdividing counties based on
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where the majority of their mass fell along this line. Cities/villages were not subdivided by
region but were aggregated together as a unit.

Table 7-7: Daily pilot collection log summaries. Note labor hours per culvert are based on the team size and the
collection productivity rate of hours per culvert

Agency Average | Collection Total Total Total Total Collection Estimated Labor|
Type Collection] Team Miles Culverts | Milesof | Certified Team Cost for
Team Labor Driven Rated or Road Act 51 Culverts Time |Labor hours| Collection Miles  |Collection Team
Size Cost ($/hr) [(odometer)|inventoried Completed|  Miles /Mile /Culvert | /Culvert Hours /Hour (S/MI)
Cities 227|S 8269 1,101 477 494 52 1.11 0.86 1.71 222 1241($ 66.69
All Counties 19| S 7161 83,959 29,528 17,973 1,133 2.09 0.38 0.67 6,706 19| $ 36.54
UP Counties 1.81|$ 6588 6,039 3,072 1,329 783 3.89 0.34 0.60 779 079 S 83.39
Northern Lower Counties 220|S 8033 36,160 18,561 9,956 1,082 1.76 0.40 0.71 4,021 192(S$ 41.84
Southern Counties 156|$ 57.04 41,759 7,895 6,688 1,409 1.75 0.37 0.61 1,906 2.64 ]S 21.60
Miles Driven per mile of road collected 4.61

Data from daily collection logs were used to generate productivity measures to determine the
time spent per culvert rated. Overall county road agencies spent less time per culvert collecting
data than cities and villages did. On average county road agencies spent 22.8 minutes per
culvert collecting inventory and rating data, while cities and villages spent 51.6 minutes per
culvert. This difference is likely a result of the lower density of culverts in cities and villages and
slower travel speeds which reduced productivity per culvert site.

Daily collection logs for county road agency data collection were subdivided into three basic
activities to analyze production rates for the type of collection activity being carried out. This
analysis was only performed on the county road agency data set as cities and villages did not
include enough samples for each of these three subdivisions. The subdivisions include:
inventorying only, inventorying and rating, and a mix of inventory and rating activity. Figure
7-20 illustrates the range of productivity ratings between these three subdivisions. As expected,
the data indicates that inventorying culverts without rating was found to be the highest
productivity activity. Inventory and rating combined in the same activity was found to be
significantly slower. The mixed activity was on average between these two extremes.

A Student’s T-test was performed on combinations of each of the subdivided data sets to
determine if the differences in average collection time per culvert were significant. T-Test
results indicated that the differences between average collection time for inventory only, as
well as inventory and rating combined, are significant using a 5% significance level. This result
indicates that the averages from the two data sets are significantly different statistically and are
not a result of sampling error.

Student’s T-Test results comparing mixed activity with inventory only to mixed activity and
inventory and rating combined were found not to be statistically significant at the 5%
significance level, indicating that the mixed activity data set has a wide enough variability that it
may not be discrete from the other two sets.

The data collection logs did not contain a large enough data set to directly determine time to
collect rating information on known culverts. However, the average time per culvert to collect
inventory only was 7.8 minutes faster than collecting inventory and rating data. This difference
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in average collection rate is likely the result of the added task of performing the condition
rating activity. However, no agencies performed both types of data collection, so there is a
possibility that the difference between the two averages is in part, or wholly due to factors
related to the individual agencies in both sets (team experience, traffic, culvert density, team
efficiency, etc.)
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Time Per Culvert‘ N Mean Mean SE SD
Inventory 272 0.286 0.023 0.376
Inventory and Rating 300 0416 0.025 0.435
Mixed Activity 162 0.366 0.044 0.562

Figure 7-20: County rating log averages for subdivided data collection activity

Local agencies used a number of different data collection configurations, ranging from one to

three people in a team. The average team size was calculated for each agency. Agency averages

were aggregated by regional and agency type subdivisions. Aggregate team size ranged from
1.56to 2.27.
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Figure 7-21: The effort needed to inspect and evaluate culverts varied greatly based on conditions

Collection teams appeared to consist of a mix of full time staff, including engineers, technicians,
and managers, along with summer help which included student interns and seasonal part time
employees. Table 7-8 illustrates an example labor calculation assuming a mix of full time and
part time staff. These costs are illustrative and are not based on any actual data from local
agencies. Using the illustrative collection team cost in Table 7-8 and correcting for average
team size and production rates of miles per hour from Table 7-7 results in an average cost per
mile for the collection of culvert data, which is shown in the last column of Table 7-7.

Table 7-8: Estimation of collection team labor costs.

Hourly Benefit Overhead
Collection Team Employee Pay Rate Rate Total
Technician S 25.00 50% 35% S 50.63
Summer Intern $ 15.00 10% 35% S 2228
Total rate/h| S  72.90

Based on the assumed pay; benefit and overhead rates; and reimbursement rate of $0.54 per
mile and the average of 4.6 miles driven per mile collected, the average county data collection
labor cost is estimated to be $39.02 per mile for county road agencies and $69.17 a mile for
cities/villages (production rates are provided in Table 7-7 for estimating agency costs). The
labor cost ranged significantly for county road agencies primarily because of the density of
culverts per mile which lowered collection productivity rates. Even though the Upper Peninsula
county road agencies had the lowest collection time per culvert and had the second smallest
average collection team size, they had over twice the density of culverts which lead to labor
costs per mile of collection significantly over the county average. Upper peninsula county road
agency collection labor is estimated at $83.39 per mile of collection.
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These costs do not include equipment purchase, time for training, field preparations/planning,
or post processing of data.

7.6. System Wide Culvert Collection Estimates

The center line road mileage for each of the 535 cities and 83 counties that own roads in
Michigan was multiplied by the respective miles per hour productivity rate to produce an
estimate of the total labor hours needed to collect all the locally-owned culverts in the state.
Subdividing counties by their respective regions and using regional productivity factors
produced a similar estimate to using aggregate county averages. The overall average team size
for all of the data logs is close to two. Table 7-9 illustrates the estimated two-person team
collection time to collect all the local agency culverts in the state. It is estimated that each
county road agency would likely need almost 1,200 labor hours, and each city and village would
need nearly 400 labor hours, to do a full collection of culverts. An estimated cost was
determined for both statewide and per agency by combining the estimated hours with the
team labor rate estimated in Table 7-8. The pilot effort revealed a wide variety in staffing
employed by each agency to accomplish the requirements for the pilot. The estimated team
labor cost reflects an estimate of labor that may compose a collection team; however, the
experience level of the team members, benefit rate, and overhead rate may vary significantly
from agency to agency. With the assumptions identified in this report, it is estimated that the
field activity for statewide culvert data collection efforts will be approximately $10 million.
There will be additional expenses for training, equipment, and data handling.

Table 7-9: Total labor estimate for collecting a full round of culvert data

Total Average
Collection Estimated | Total Labor Aggregate Labor per | Average Labor
Team Collection | Team Labor | Comittment Statewide Agency Cost per
(hr) Team Size | Cost (S/hr) (hr) Cost Estimate (hr) Agency ($)
Counties 49,082 2 $72.90 98,165 | $7,156,212 1183 $86,219
Cities 16,572 2 $72.90 33,144 | $2,416,233 399 $29,111
State Total 65,655 131,309 | $9,572,445

Ongoing inventory and condition evaluation programs are important for establishing healthy
asset management programs. Training is important for these programs to maintain consistent
data over multiple years, which allows for development of accurate models for asset
management purposes. Various options for program development are presented in Section 8.2.
The option presented in 8.2.1 is similar to the current PASER program, whereby a training
program is paired with collection of data over a portion of roadways each year. If the inventory
and condition evaluation of culverts statewide were to be conducted on a five-year cycle, on
average 20% of culverts would be evaluated each year. In 8.2.2 an option is presented for
conducting inventory and condition evaluation activities over one year with no activity for the
remaining years within the collection cycle. Two additional options are presented in 8.2.3 and
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8.2.4 whereby fixed location sampling and non-compulsory collection are discussed
respectively.

Annual training expenses are estimated at $250,000 for development, provision, and
participation in the training. This estimate is applicable for all options except for where all
activities occur over one year where the costs associated with training are estimated to be
twice as large; as a greater number of crews would be required to collect data over the
shortened timeframe. The training cost associated with the collection activity described in 8.2.2
is approximately $500,000.

As part of an ongoing five-year condition evaluation cycle, the estimated annual cost will be
approximately $2.1 to $2.25 million (in today’s dollars) for continued training and data
collection of culvert inventory and condition evaluation moving forward. This assumes 1/5 of all
culverts are inspected each year as part of a five-year repeating cycle where every culvert is
inspected once every five years. Therefore, the five-year costs associated with training and data
collection for a culvert inventory and condition evaluation program are estimated at $10.5 to
$11.25 million. These estimates do not include costs associated with development and
implementation of asset management programs for culverts. There will be additional unknown
expenses for training, equipment, and data handling.

8. CONCLUSIONS

This section provides key points from this study and provides a framework to assist the TAMC
with the development and implementation of a strategy that can be used across the state to
further streamline and standardize the collection of culvert data assets owned by local agencies
throughout Michigan.

This pilot project revealed that the tools, business processes, and relationship building that the
TAMC initiated for the collection of PASER road condition data has created a strong framework
for the rapid collection of other asset data on the public road system. This is apparent from the
significant capabilities that pilot participants demonstrated with their ability to collect a large
volume of high quality asset inventory and condition data in a little over three months. This
data was assembled and analyzed using existing business processes and resources. The majority
of local agencies used their own forces for collection of data which indicates a domestic
capacity to complete this type of activity.

e 49 participating local road agencies

e 13-week data collection window

e 49,644 culverts inventoried

e 90% of local agencies reported using Roadsoft
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o 73% of local agency culverts are 24 inches in span or less, 90% are less than 48 inches in
span

e 85% are buried 6 feet or less

e 67.2% of rated local agency culverts were 6 or higher out of 10

e Estimated local agency culverts in state — 196,000

e Estimated cost for initial data collection - $10 million

Pilot agencies successfully located nearly 50,000 culverts in the 13-week data collection window
(April 30 — July 30). It is estimated that this number constitutes approximately 24% of the
approximately 196,000 total local agency culverts in the state. While it is impressive that this
level of effort can be mustered on short notice, the study also identified that a significant level
of effort is required to inventory and rate local agency-owned culverts. It is estimated that it
will take approximately $10 million and over 131,000 collection team hours to complete the
initial data collection of local agency culverts.

Local agencies involved in the pilot collected data using a variety of tools. Over 90% of local
agencies involved in the pilot used the Roadsoft LDC and Roadsoft to collect and store culvert
asset data. The use of a unified tool such as Roadsoft provides data collection and storage
consistency that eases downstream data processing and analysis due to data consistency. Local
agencies illustrated that using other software systems such as ArcGIS can allow the fulfillment
of local data needs while still allowing integration with statewide systems if data schemas are
set up correctly.

Inventory data from culverts revealed that the majority (approximately 73%) of local agency
owned culverts are small (24 inches in span or less), corrugated steel, circular culverts that are
located less than 6 feet from the surface. Approximately 90% of culverts are 48 inches in span
or less and over 85% of culverts have a depth of cover less than 6 feet. Larger and more deeply
buried culverts are of specific interest because they present a larger consequence of failure in
terms of risk to the public and expenditure of funds for repair.

Condition data indicates that local agency owned culverts are in serviceable shape with 27.0%
of the rated culverts holding condition ratings of 8 or better, and 67.2% of the rated culverts
holding conditions ratings of 6 or better. The mode (most frequent rating) for condition
assessments was a 7.

Michigan has had a long history of applying asset management principals to roadway
infrastructure. In 2018, the principles of asset management have grown to include a broader
set of infrastructure assets. The Michigan legislature established the Michigan Infrastructure
Council (MIC) through Public Act 323. The MIC shall develop a multiyear work plan, budget, and
funding recommendation for asset management of infrastructure including but not limited to
stormwater systems, drains, roads, and bridges. Public Act 324 amended PA 451 to form the
Water Asset Management Council (WAMC) which in part will develop templates for the asset
management of stormwater systems amongst other assets, including but not limited to culverts
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and bridges. Lastly, Public Act 325 revises the enacting legislation for the TAMC by, in part,
stating that the TAMC shall advise the MIC on infrastructure assets including culverts. Through
these acts, the work of the TAMC, and the results of pilot projects like this, the future of asset
management for Michigan infrastructure is looking bright.

Recommendations for Implementation

e Establish responsibility for division of infrastructure asset management between the
TAMC and the WAMC
e The inventory fields established in the pilot should continue to be recommended by the
TAMC as a minimum with local agencies expanding on those to meet their needs
e Provide a baseline data model and data standard for culvert data collection
e Training delivery and tool development for asset management should continue
e Continue maintenance of inventory and condition evaluation data
e Promote shared data use — many agencies are interested in some facet of culvert
inventory data. Each agency may need to collect specific data but much of the inventory
data could be shared between agencies to minimize repeated effort.
e Develop and support a state-wide culvert data collection program
e Future research
0 AASHTO is currently working on an updated condition assessment system which
will need to be reviewed, modified if needed, and accepted for use in Michigan.
O Establish globally unique identification (GUID) for culvert assets to assist in
identifying and updating culvert data inventory
0 Create a cost model that relates physical features of culvert inventory to
replacement and maintenance costs.

8.1. General Recommendations

8.1.1. Overlap of Management Council Responsibility

One of the first issues for the TAMC to address is the overlap in responsibility for managing
statewide culvert assets that was recently created by Public Act 324 and 325 of 2018. Public Act
324 created the WAMC, which is charged with the management and oversight of drinking
water, waste water, and storm water infrastructure. The act further defines storm water assets
as including “catch basins, curbs, gutters, ditches, ... pipes, storm drains, .... culverts, bridges”.

Public Act 325 of 2018 is a revision of the enacting legislation for the TAMC. The Act states:
“The transportation asset management council shall advise the Michigan infrastructure council
on a statewide transportation asset management strategy and the processes and tools needed
to implement that strategy, beginning with the federal-aid eligible highway system and
infrastructure assets that impact system performance, safety, or risk management, including
signals and culverts.”

Michigan Local Agency 2018 Culvert Inventory Pilot Evaluation Report 75



The TAMC also clearly has a mandate to oversee bridge assets and has been doing so since its
inception. This overlap in responsibility runs the risk of creating a procedural confusion which
may slow forward progress on bridge and culvert assets until rectified.

Drinking water and waste water, and to an extent, storm water assets, all have an ongoing
regulatory and compliance component associated with them. In that aspect there is a
significant difference between the assets that WAMC is responsible for overseeing and the
transportation assets that the TAMC is responsible for. This difference may provide a potential
dividing line between the two council’s responsibilities as it relates to culverts and bridges. For
example, WAMC may provide guidance and support to asset owners for culvert and bridge
assets as they relate to water quality issues. This could include items like aquatic organism
passage, sediment load, or flooding and environmental issues related to a failure. This focus
would allow the TAMC to continue to provide support and guidance relating to the overall
functioning of culverts and bridges as they impact transportation.

8.1.2. Tools and Training

The pilot project developed a number of tools and training that are targeted at local road-
owning agencies. These include condition rating guides, data handling processes, and data
collection training using a standardized condition assessment. Roadsoft contains reporting tools
which allow agencies to generate summary reports of their culverts by city/village/township
and by culvert material type and allows agencies to create customized detailed reports showing
information related to their continuing asset management needs. Many local agencies involved
in the pilot said that they would continue to collect culvert data even after the culvert pilot data
submittal deadline. This indicates that the tools and training not only made a coordinated pilot
of this size possible, but it also spurred “spin off” activity that was of the local agency’s own
volition.

The training delivery and tool development for culvert asset management should continue
regardless of the level of involvement and support the TAMC decides to provide for local
agency culvert owners. Training and tools are the most basic level of support that allow local
agencies to build a sustainable asset management process and culture. Providing recurring
training will ensure that local agencies always have the technical knowledge to adopt asset
management.

8.1.3. Condition Assessment System and Inventory Fields

Condition data for the modified FHWA culvert condition assessment system used in the pilot
appears to have been relatively rapid to collect. Daily progress logs did not show a significant
difference in the production rate for finding new culverts and finding and rating new culverts.
The system provides an extensive list of distresses and includes a system to roll up distresses
into a one number metric for aggregated reporting. Several local agencies commented that the
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system should be simplified to a one number rating which would simplify collection and still
provide specific condition data necessary for determining replacement.

The inventory fields collected during the pilot provide a high level of information that can be
readily used to classify culverts and identify risk and cost factors associated with them. This
level of data also provides a sound basis for local management of culvert assets. It is
recommended that the TAMC continue to use the pilot inventory fields as a baseline minimum
while allowing local agencies to collect more extensive data to meet local needs.

8.1.4. Data Collection

The free availability of Roadsoft and Roadsoft LDC, and the experience that Michigan local
agencies have in collecting pavement data, are some of the reasons that the pilot was able to
accomplish the large volume of data collection over a short timeframe. Approximately 90% of
local agencies involved in the pilot used Roadsoft and Roadsoft LDC for the pilot data collection.
Roadsoft is available for no cost to local transportation agencies in Michigan and has been
widely adopted by Michigan’s local transportation agencies prior to the start of the pilot. As
such, many agencies already had the basic collection equipment and trained staff familiar with
the software before the pilot started.

The predominate use of one asset management system provides opportunities for efficiency
among local agencies, both in supporting the development and maintenance of the system, and
also in the area of training and maintaining local agency staff. Commonly used systems allow
local agencies to share staff resources and to act as peer mentors to one another.

Widely adopted single systems like Roadsoft also provide a consistent data format that speeds
the roll up of data from a local level, to a regional and state level. The relationship between the
CTT team that develops and supports Roadsoft and the State of Michigan ensures that the
system will always provide the necessary functions for statewide collection.

While Roadsoft is used by the vast majority of Michigan local agencies, it is not the ideal tool for
every local agency. Five local agencies involved in the pilot opted to collect data using other
tools ranging from ArcGIS to a spreadsheet. The pilot illustrated that allowing a variety of tools
for data collection can still allow a state-wide effort to be accomplished, and the data to be
used at a state and local level, as long as basic data handling rules are followed.

At least two of the local agencies that opted to use ArcGIS developed their data model from the
existing Roadsoft format. In a sense, the Roadsoft data model has become the de facto data
format for the pilot. The TAMC should provide a baseline data model and data standard for
culvert data collection. This unified data schema will allow the use of a variety of tools and the
evolution of the data collection process. This ensures that local agency needs are met while still
allowing easy compilation, sharing, and reuse of data.
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The TAMC data standard should also include provisions for assignment, transfer, and update of
a globally unique identification (GUID) for all culvert assets between local asset management
systems and the TAMC state and regional databases. GUID’s create a method for identifying
assets that are already present to avoid duplication of asset registers or deletion of assets in
close proximity which may be mistaken as duplicates.

Inventory data should be updated on a regular basis as culverts are replaced. Culvert conditions
should be evaluated on a regular basis to ensure the data represents the current field condition
of the culvert. Section 8.2 provides several options for process management of a culvert data
collection.

8.1.5. Shared Data Use

There has historically been a significant interest in culvert data by fisheries, MDOT, Department
of Environmental Quality (DEQ), DNR, and other natural resource agencies. Fisheries
professionals are interested in many of the same inventory features that road owners are, but
for different reasons. Fisheries professionals are primarily interested in the relative ease of
aquatic organism passage (AOP) at culverts which are stream crossings. Figure 8-1 illustrates a
culvert which is perched above the downstream flow line. This type of a culvert is a complete
barrier to AOP leading to stream habitat fragmentation.

In many cases natural resource agencies have funded data collection of culvert data, and have
frequently provided additional funding to road agencies to make culvert stream crossings more
AOP friendly. In most cases this includes increasing the size of the culvert conduit and
decreasing flow velocity through the culvert, both of which provide an increased flow capacity
during rain events. This additional resiliency benefits both the natural resources and
transportation agencies.
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Figure 8-1: Perched culvert which presents a significant barrier to aquatic organism passage. Photo credit Bradley
Link, Link Engineering Services, LLC.

The TAMC should provide access to culvert data for natural resources and fisheries agencies to
promote the shared use of the culvert data. This data has the potential to provide the
framework for joint funding of culvert reconstruction projects and shared data collection efforts
between fisheries and transportation agencies.

The TAMC may need to consider adding data fields to the inventory collection standard to
accomplish AOP analysis if there is significant cooperation between resource agencies and
transportation agencies on culvert funding issues.

8.2. Process Management Recommendations

The TAMC has several options for developing and supporting a state-wide culvert data
collection program, each with benefits and drawbacks. This section outlines the general
concept behind each of the options but is not intended to be a fully developed program plan.
This narrative may prove helpful as a starting point for discussions on next steps for the TAMC.
Each of the options presented in this section were developed with the premise that a successful
program must provide benefit for both the local asset owner and the state agency, which has
always been a tenant of the TAMC's policies.

e Routine Coordinated Collection
0 A portion of asset network is collected each year with the entire network
collected on a several-year cycle
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e Infrequent Extensive Collection
O Entire asset network collected at one time on a several-year cycle
e Fixed Location Sampling
0 Asample of the asset network is collected and results are extrapolated to the
entire network
e Non-Compulsory Collection
0 No requirement to collect data on asset network but data would be accepted
from volunteers.

8.2.1. Option 1: Routine Coordinated Collection

This method mandates an annual data collection cycle where a portion of the asset network is
collected each year. A cycle of several years is required to collect data on the entire network.
The TAMC'’s PASER pavement condition assessment collection is a good example of a routine
coordinated data collection. PASER pavement condition data is collected on a two-year cycle,
meaning that the entire network is updated every two years.

Culvert data would not require a short collection cycle like pavement data because culvert
assets are designed to last for 50 to 100 years, while pavements are designed to last 15 to 25
years. Culvert data cycles could be as long as five to ten years, since this frequency would allow
10 to 20 data collection points over a culvert’s design life and would only require a small
portion (10 to 20 percent) of the road network to be collected each year.

Routine coordinated collection requires ongoing annual training and support to local agency
infrastructure owners to maintain the consistency of data collection and maintain the process.
This is not to say that every person involved in data collection would need to be trained every
year, but rather that the training would need to be offered to allow people new to the process
and people needing a refresher to have access to training.

A potential modification of this method would be to include a biased subset of culvert locations
that are collected on more frequent data cycles. As an example, the TAMC could consider that
any culvert rated 4 or lower needs to be inspected every year, or that culverts over a specific
size or depth require more frequent inspections. These more frequent inspections provide
increased data density on a population of interest. Inspecting poor quality culverts on an
increased cycle ensures that local agencies are aware of risks are more likely to provide
information to the TAMC on outcomes from culvert projects.

Benefits of Routine Coordinated Collection

Maintaining an ongoing, consistent collection activity provides a high likelihood that culvert
asset management will develop as a business process and become part of the culture of the
road owning agency. An annual effort allows local agencies to anticipate staffing needs and
equipment resources. It also allows the formation of relationships between state, region, and
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local agency employees. Ongoing processes typically become self-sustaining because the
resources and knowledge to accomplish the process become routine.

Annual collection of culvert data on a portion of the road system increases the quality of the
data at a state level by ensuring there are samples from each agency. This reduces sampling
error and provides a consistent source of data that can be used as a proxy to monitor the
overall condition of culvert assets both at a state and local level. This system also allows local
agencies to maintain a full set of recent data on their entire network.

Drawbacks of Routine Coordinated Collection

Ongoing annual data collection becomes less efficient as the annual portion of the network that
is required to be collected gets smaller. This is because all local agencies would need to train
and maintain staff to collect a small portion of their network. At some point it becomes
advantageous to sub-contract out these small local data collection efforts across jurisdictional
boundaries to remain efficient; however, this negates some of the positive aspects of this
method. Allowing local agencies to decide if they self-collect or join with others to group collect
provides the largest flexibility to meet their local needs.

8.2.2. Option 2: Infrequent Extensive Collection

This method mandates periodic, system-wide, data collection efforts to create a snapshot of
state wide conditions at specific periods in time. There is no ongoing, annual effort with this
method, but rather one large event that targets a nearly complete collection every five to ten
years. The United States Census is an example of this type of data collection mode.

Benefits of Infrequent Extensive Collection

Since collection only occurs once every several years, there is not an ongoing cost to
maintaining human and equipment resources or costs associated with recurrent training.
Training and staffing efforts would ramp up before a collection effort and spin down after the
collection is complete. Data collected using this method can eliminate sampling error since the
goal would be to collect all of the network in a single year. Data from a full collection would also
be continuous in the sense that the state and local agencies would have a full, continuous sets
of data on all culverts for each collection period. The level of effort necessary to complete this
collection option would be similar to the level of effort necessary to compete a full data cycle of
Option 1, with some potential savings in efficiency on training and travel.

Drawbacks of Infrequent Extensive Collection

This method has large labor and cost swings associated with it which may cause issues with
local agency forces. Staffing up for a collection event may prove costly to individual agencies,
and a spin down of staffing after a collection event means that the human resources to do asset
management do not reside domestically in owner agencies. This ebb and flow of human capital
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can result in significant barriers to adoption of asset management business processes and loss
of institutional knowledge.

8.2.3. Option 3: Fixed Location Sampling

This method mandates periodic data collection on a fixed set of culvert locations throughout
the state. The sampling locations would be pre-defined based on criteria that minimizes
sampling error. The sampling size for this method would depend on the granularity of the
analysis that the TAMC would like produce. For example, fewer samples are necessary to
produce a state-wide estimate of overall culvert condition than would be necessary to
differentiate condition based on geographic location, or other factors like material type.
Sampling could be competed each year or on a longer cycle depending on the need the TAMC
has to detect changes in condition. The quality control data collection that MDOT does for the
TAMC is an example of this type of process.

Benefits of Fixed Location Sampling

This option provides one of the lowest-cost methods for obtaining data on a state level. The
small size of the collection makes it possible to collect this data with shared resources such as
regional contractors which further saves costs. This method would allow the TAMC to make
general statements about culvert condition with a very low investment.

Drawbacks of Fixed Location Sampling

This method does not provide much if any benefit to individual local agencies because the small
size of the sample needed to characterize state conditions provides almost no strategic or
tactical information on the local level. Increasing the sample size to be able to provide benefit
for local agencies negates the financial benefit of this option. This option is not likely to
encourage the adoption of asset management as a business practice since there is negligible
benefit at the local agency level. This option may in fact dissuade local agency implementation
of culvert asset management because sampling will be seen as a low benefit activity.

8.2.4. Option 4: Non-Compulsory Collection

The first three options for data collection all assumed a required collection event. Required
events provide the most control of the nature, extent, and frequency of data collection, but
they also come with a downside in the form of cost. Non-compulsory collection would be the
lowest cost option for the TAMC to collect some data from local agencies. This option would
essentially relegate the TAMC to collecting any data local agencies wish to share on their
culverts whenever they feel like sharing it.
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Benefits of Non-Compulsory Collection

This method would be extremely low cost since the TAMC would only be maintaining an upload
system and providing training guidance for data collection.

Drawbacks of Non-Compulsory Collection

This method would likely not produce a stable sample or census of data for analysis purposes.
There is a high likelihood that data may be biased based on the agencies that participate each
year. This method is not likely to create implementation of asset management.

8.3. Maintenance Data

Data on culvert maintenance and replacement is necessary in order for any of these methods to
provide high quality data. Replacement and maintenance data provides the basis to determine
needed budgets, replacement cycles and is necessary with any modeling effort. Regardless of
the method for data collection that is chosen, submitting culvert maintenance and replacement
projects annually to the state provides continuity and context to existing condition data.

8.4. Recommendations for Future Research

The pilot outlined a few areas that should be investigated when going to full scale production.
The TAMC should investigate the following items:

8.4.1. Condition Assessment Systems

The rapid schedule for the pilot did not allow a full discussion on the integration of the culvert
pilot rating system with the system MDOT uses, or discussion on the integration and migration
of data to the new rating standard that is currently under development at the federal level.
Generally speaking, these three systems have the same general function, assess similar defects,
and have a similar scale direction. Options may exist to develop a migration function that will
allow translation from one rating system to another.

AASHTO is currently in the final stage of publishing an updated culvert condition assessment
system to replace the FHWA method. MDOT is also considering its system and how it will
translate or integrate with the new AASHTO method. The TAMC will need to address the issue
of either migrating to this new standard, remaining with the current standard, or creating a
new, simplified rating system as some local agencies have suggested. Regardless of the system
chosen, it will take time to develop the tools, training, and institutional knowledge to execute
such a change.
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8.4.2. Globally Unique Identification (GUID) and Data Storage System

GUID’s allow the coordinated update and maintenance of assets across multiple databases. The
TAMC needs to develop a standard system and business process for assigning and updating
GUID’s for culvert assets. This work will also be transferrable if the TAMC works with other non-
road assets such as signals or signs.

The TAMC has clearly learned a significant amount about data storage and transfer while
collecting PASER data over the last decade. A culvert data handling process needs to be
developed after the TAMC decides on the data collection method. CSS will need to be closely
consulted for this data handling process.

8.4.3. Cost and Condition Model

The TAMC will need to create a cost model that relates physical features of culvert inventory to
replacement and maintenance costs. This model could be updated using bid costs or project
reporting.

The TAMC should develop a simple network deterioration model which can be used to make
projections on the condition of the state’s culvert assets. More extensive deterioration models
may also be considered for slab on abutment style culverts which are more similar to small
bridges than pipe structures.
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APPENDIX A: LITERATURE REVIEW OF BEST PRACTICES

The purpose of the literature review was to identify best practices being used by county, state,
and federal agencies that may be applicable to the pilot. This included identifying current data
collection, storage, and evaluation tools in use by these agencies. Once these tools, techniques,
and methodologies were identified, an assessment was undertaken to determine those which
warranted inclusion in the pilot.

A study by the New Mexico Department of Transportation (DOT) determined that out of forty-
seven responsive state DOTSs, thirty-three states inspect their culverts (structures 20 feet or
less), with nineteen having a culvert inspection manual and twenty-one having some form of
culvert inspection training. However, each state had a widely varying number of culverts, a
variety of culvert materials, varying inspection frequencies, varying condition-rating scales,
varying collected inventory data, and varying data collection / storage methods (Villwock-Witte
et. al. 2016).

Several state agencies were found to have a complete culvert management system in place for
locating, inspecting, and storing data associated with culverts. Alabama (state and county level),
Indiana, Los Angeles County, Maryland, Michigan, Minnesota, New Mexico, Ohio, Oregon, Utah,
Vermont, and Wisconsin all have published studies or documentation outlining processes and
procedures in their respective areas related to culvert data collection and inspection, which
were used as the basis for this literature review.

In 2007, the Federal Highway Administration (FHWA) issued a report analyzing Culvert
Management Systems specific to Alabama, Maryland, Minnesota, and Shelby County (FHWA
2007). In June 2014, the FHWA issued a similar report titled Culvert Management Case Studies:
Vermont, Oregon, Ohio, and Los Angeles (LA) County. These reports summarized best practices
from these locations and identified specific details on how they integrate their culvert inventory
and evaluations with asset management plans for maintenance of their culverts (Venner 2014).

The FHWA has also released a Culvert Inspection Manual outlining procedures for conducting
and documenting culvert inspections regarding the existing hydraulic capacity, structural
integrity, and durability of culverts. However, published in 1986, it is noted that this document
is dated and an American Association of State Highway and Transportation Officials (AASHTO)
replacement document is under development, which will be based on a document released by
the National Cooperative Highway Research Program (NCHRP), which suggests new procedures
for conducting and documenting culvert inspections. Additionally, there is another system
proposed for inventorying and inspecting culverts generated as the result of Midwest Regional
University Transportation Center research study that bases condition ratings on a pairwise
comparison of culvert components. However, this system provides little reference on how to
conduct inspections, focusing instead on proposed condition evaluation procedures. The
condition evaluation portions of these systems will be discussed in depth in section 1.1.6.
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1.1.1. Culvert Sizes Considered

As stated in the FHWA Culvert Inspection Manual, “structures over 20 feet in span parallel to
the roadway are usually called bridges; and structures less than 20 feet in span are called
culverts even though they support traffic loads directly” (Arnoult 1986). This is the generally
accepted culvert definition; the NCHRP report agrees with this definition (Beaver & Richie 2016)
and state DOTs inventory and inspect structures under 20 feet as culverts. However, DOTs have
varying minimum sizes for inspection of culverts and some DOTs separate inspection levels into
different groups of culvert sizes. Generally, most state DOTs are moving towards inventorying
and inspecting culverts down to around 1 foot, and separating culvert inspection into groups of
1to 10 feet and 10 to 20 feet if group separations are made. Specific state practices are
presented below.

Oregon has collected culvert data for culverts as small as 3 feet since the mid 1980’s before
expanding that to culverts down to 1 foot. Ohio DOT also inventories and evaluates culverts
down to 1 foot in two groups; 1 to 10 feet and 10 to 20 feet. Vermont has been collecting data
on culverts from 6 to 20 feet for decades and in 2002 started collecting data on smaller
culverts. The Maryland State Highway Administration’s Bridge Inspection and Remedial
Engineering Division has inventoried and inspected culverts down to a 5 feet span and select
culverts in the 3 to 5 feet range. Minnesota DOT separates their culvert management and
inspection into two categories: 1-10 feet and 10-20 feet, with the larger spans inspected by
their Bridge Inspection Unit and the smaller ones inspected by the Hydraulics Unit. Alabama
inventories all culverts between 15 inches and 20 feet (Venner 2014). In 2014, Indiana DOT
performed a research project regarding expansion of their culvert management program to
include inventorying and inspection of culverts smaller than 48 in, whereas these structures
were previously not considered (Bowers et. al. 2014). In 2016, Michigan DOT released a
document regarding inventorying and condition assessment of culverts between 1 foot and <10
feet (culverts between 10 and 20 feet were evaluated previously) (MDOT 2016). The Office of
Federal Lands Highway inspects all culverts under 20 feet with no grouping of culvert sizes
(Hunt et. al. 2010).

1.1.2. Frequency of Inspection

The New Mexico DOT study found that state DOTs use varying inspection periods for their
culverts; inspections on culverts are made anywhere from annually to every six years,
depending on the state. Many states have provisions to their established regular inspection
cycles; Colorado, Oregon, and other states inspect culvert structures more frequently if the
culvert condition warrants more frequent monitoring, and Utah, Oklahoma, and Nebraska
inspect culverts after storm events (Villwock-Witte et. al. 2016). Some inspection frequencies
are decided based on culvert size as well. Specific state and county practices are presented
below.

Appendix A: Michigan Local Agency 2018 Culvert Inventory Pilot Evaluation Report 89



LA County (approximately 5,000 culverts) conducts an annual inspection of their culverts and
Ohio (approximately 80,000 culverts) conducts inspections every 10 years on culverts between
1 and 4 feet and every five years for culverts between 4 and 10 feet. LA County was the only
agency in the case study that used their culvert management system to track maintenance
work history and for describing repair/replacement strategy and improvement projects (FHWA
2007). The Maryland State Highway Administration typically inspects culverts on a four-year
cycle with two-year inspections if condition warrants. The Minnesota DOT inspects culverts 10
feet and larger located on the state trunk highway system on an annual or biennial basis
depending on condition. Minnesota law as of 2007 did not allow inspection intervals greater
than two years though they were trying to amend that to four years on some structures like
concrete box culverts. Culverts less than 10 feet are inspected as needed - there is no required
inspection frequency on these structures. Alabama has no required culvert inspection
frequency and performs inspections as-needed, though annual inspections are recommended if
deemed necessary. Shelby County (Alabama) conducts culvert inspections on a regular two-
year cycle in conjunction with their National Bridge Inspection Standards (NBIS) inspection
program (Venner 2014). Indiana DOT performs annual inspection of their culverts, but only
inspects one fourth of their culverts annually (Bowers et. al. 2014). In Michigan, culverts 10 to
20 feet are also inspected on a regular two-year cycle in conjunction with the NBIS rating
system, while the condition of culverts 1 to <10 feet governs their inspection frequency (MDOT
2016).

The FHWA Culvert Inspection Manual suggests that culverts be inspected every two years, but
allows less frequent inspection if justified (Arnoult 1986). The NCHRP report recommends
establishing an inspection frequency based on both the condition and size of the culvert, but
leaves the frequency decision to the agency. Under the recommended system, culverts greater
than 10 feet should be inspected every two years regardless of condition and culverts less than
10 feet should be inspected at intervals depending on their size and last reported condition.
This recommended system also suggests that all culvert sizes should be inspected prior to or
during regular maintenance activities on the roadway where the culvert is located. It also
provides other criteria for agencies to consider when deciding inspection frequency, including
age of the structure, ADT, environmental conditions, and consideration of extra criteria for
special function structures (Beaver & Richie 2016).

1.1.3. Equipment Used

In the New Mexico study, it was found that states inventorying and inspecting their culverts do
not have a common method for recording inventory and condition data. Recording methods
include paper reports, laptop, iPad, Trimble, or some combination of these methods. As for
software used to record data, some states indicated that they were using AASHTOWare
software, some states indicated that they were using Agile Assets, and some states indicated
that they were using a state-specific inventory program (Villwock-Witte et. al. 2016). In one of
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the FHWA studies, it was found that of states inventorying and inspecting their culverts, eight
states use Pontis (AASHTOWare), thirteen use an in-house developed (state-specific) database,
and eight states use a combination of these methods. It should be noted that no state uses the
FHWA Culvert Management System to record data (FHWA 2007),2 however one county
studied, Shelby County, uses the software (Davidson & Grimes 2006).

LA County uses cameras with built-in GPS to both document culvert condition and provide
location information (Venner 2014). Indiana DOT provides their inspection crews with a digital
camera, personal protective equipment (PPE), a measuring tape, a measuring wheel, flashlights,
and a shovel (Bowers et. al. 2014). Michigan DOT provides their inspection crew with measuring
tools, hand tools, an approved data collection device (such as a tablet or laptop), flashlight, PPE,
properly sized waders, and a stability pole (MDOT 2016).

The Office of Federal Lands Highway recommends a full list of equipment for inspection,
separating equipment into on-person equipment and in-vehicle equipment. On-person
equipment for a two-person crew includes an assessment form, a clipboard, a geologist pick
hammer, a 25-foot measuring tape or folding carpenters ruler, a digital camera (shock-resistant
and waterproof), a flashlight (500k to 1m candle) and/or head lamp, a handheld mirror, a
probing rod (graduated survey rod section), personal air monitoring devices, traffic safety vests
and personal field safety gear, extra car keys, tool belts for hands-free carrying of inspection
equipment, cell phones and/or field radios, and a concrete crack comparator card. In-vehicle
equipment for a two-person crew includes a Global Positioning System (GPS) device, project
files & maps, an assessment guide, a culvert entry guide, a first aid kit w/snake bite and
poisonous vegetation provisions, OSHA traffic cones, extra batteries, bulbs, and storage cards
for camera, GPS, and lights, waders and life jackets, a 100-foot tending line, hardhats or
climbing helmets, crack gauge or calipers, a folding shovel, a machete, a pry-bar, emergency
contact information and equipment, a 100-foot measuring tape, a distance wheel, or a range
finder, and an inclinometer (Hunt et. al. 2010).

1.1.4. Pilot Studies

Best practices identified in @ 2014 FHWA study stress the importance of getting a system in
place. Once locations are established with some capacity for condition assessment, the
assessment portion can be improved with time by adding additional data. “Internal groups and
stakeholders can identify large lists of potential data to be collected; however, the agency
should make sure it knows how the data will be used and how often it may be used” (Venner
2014).

Oregon DOT conducted a culvert inventory and inspection pilot study in 2006. By 2010, Oregon
DOT had refined their collection assessment to include 45 data fields for the site, 27 for
condition, and 13 photos per culvert. In 2011, they chose to use a smaller number of fields
noting the “delicate balance between collecting enough data to provide useful information and
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the time and resources necessary to collect, manage, and maintain the data.” Their
management system still has the ability to capture additional fields but they are not mandatory
or regularly collected (Venner 2014).

Like Oregon, Utah performed a 2004 pilot study on how to create a system for monitoring
culvert condition based on qualitative and quantitative measures, based on a numerical 0-9
scale (Beaver et al. 2004). However, based on the New Mexico study, they have not yet
developed an inspection manual, and still use a qualitative scale to rate culverts rather than a
numerical scale (Villwock-Witte et. al. 2016).

A pilot program on culverts under 48 in. was performed in Indiana in a trial region, the goal was
to inventory and inspect culverts based on existing rating scales and look for improvements.
The study found that under the current 0-9 rating scale, a majority of the culverts were rated as
a 9 (highest rating), and there was ambiguity between what constitutes a specific rating, such as
the difference between an 8 and a 9. The results of the pilot proposed that the scale be
modified for small culverts, using a 1-9 scale that only considers odd numbers and more
descriptive rating definitions. These changes were proposed so that the range of rating values
matched the existing 1-9 scale while reducing ambiguity between ratings. The study also
recommended that photos be implemented into the inventory process, and that improvements
be made to the inventory database (Bowers et. al. 2014).

In New Jersey, a pilot program was performed to switch asset management of culverts from a
simple linear depreciation model to a condition based model that complies with the then new
Governmental Accounting Standards Bureau (GASB) regulations (GASB-34). This pilot proposed
a 1-5 rating method (1 being an excellent rating, 5 being a very poor rating), with ratings based
on the level of overall deterioration. It also proposed that frequency of inspections be based on
sediment damage to the culvert, pH levels, corrosivity/erosion potential of the area, and age vs
design life. Many different culvert liners and materials were considered, and the results were
used to predict remaining service life for use in asset management decisions (Meegoda et al.
2009).

In September 2016, MDOT published the Asset Collection & Condition Assessment Guide for 1
to <10 feet Span Culverts. This assessment guide highlights the pilot project to collect location
and assessment data for 1-10 feet culverts under MDOT owned roadways in six counties; Eaton,
Ingham, Isabella, Mackinac, Osceola, and Saginaw. Isabella County was inventoried under a
separate pilot program in 2016 and condition evaluation was performed as part of the larger
pilot in 2017. The MDOT report describes the Transportation Asset Management System
(TAMS) interaction and integration in the collection of culvert data. In addition to the data
collection process using TAMS, the guide provides information on attribute and condition
assessment. The guide provides a comprehensive overview of the process of locating and
assessing culverts and associated attributes (end treatments, footings, etc.). It should be noted
that MDOT effectively considers 10 — 20 feet culverts as bridges, and inspections are included
as a subset of their bridge inventory (MDOT 2016).
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1.1.5. Inventory Data Collected

The New Mexico study identified key inventory data fields from their literature review and
survey of state practices, as well as the frequency of their appearance. A summary of these
findings are presented in Table 1 (Villwock-Witte et. al. 2016).

Table 1: Key Inventory Data Field (Villwock-Witte et. al. 2016)

. Frequency | Frequencyin
Field . . Total
in Literature| State Review

Culvert Shape 8 11 19
Culvert Material 8 10 18
Culvert Length 7 10 17
Comments 6 8 14
Current Overall Condition Rating 8 5 13
Inspection Date 7 5 12
Asset Identification 6 5 11
County Code 4 7 11
Mile Marker 5 6 11
Inspector Name 6 5 11
Culvert Latitude 4 6 10
Culvert Longitude 4 6 10
Road Name 3 7 10
Depth of Cover 5 4 9
Construction Date 5 3 8
Culvert Width 2 6 8
Culvert Span 3 4 7
Culvert Height 2 5 7
Number of Barrels 1 6 7
Road ID 2 5 7
Average Daily Traffic of Roadway

4 1 5
Above Culvert
Culvert Diameter 2 3 5
Maintenance Responsibility 2 3 5
Municipality 2 3 5
Inlet Condition Rating 2 3 5
Outlet Condition Rating 2 3 5
Inventory Date 1 4 5
Roadway Surface Condition Rating 4 1 5
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Additionally, some agencies, such as Indiana (Bowers et. al. 2014), LA County (Venner 2014),
and the Office of Federal Lands Highway (Hunt et. al. 2010), are finding that photographs of the
culvert conditions are useful. In their small culvert pilot study, Indiana DOT recommended that
a minimum of four photos be taken of every small culvert inspected; a wide angle overview
photo of both the culvert inlet and outlet, and one inside view photo from both the culvert inlet
and outlet. They also suggest taking additional pictures of irregular or concerning conditions in
the culvert or on the roadway above the culvert (Bowers et. al. 2014).

1.1.6. Condition Evaluation Methods:

1.1.6.1. Federal Highway Administration (FHWA)

FHWA issued report number FHWA-IP-86-2, Culvert Inspection Manual: Supplement of the
Bridge Inspector’s Training Manual in 1986. This manual provides information on culvert types,
inspection procedures, and a culvert components inspection guide for approaches, end
treatments, waterways, corrugated metal, precast concrete, cast-in-place concrete, and
masonry culverts. The report provides guidance on data that should be collected for inventory
and data that should be collected for condition evaluation of the culverts. The recommended
rating system is a 0 to 9 scale, with 9 indicating that no repairs are needed and 0 indicating that
the facility is closed for repairs. Condition assessments are made for the following items
(Arnoult 1986):

e Approach roadway condition

e End treatment and appurtenant structures
e Waterway adequacy

e Channel and channel protection

e Corrugated metal culverts

e Corrugated metal culvert barrels

e Corrugated metal long-span structures
e Concrete culverts

® Precast concrete culvert barrels

e Cast-in-place concrete culvert barrels
e Masonry culverts

e Overall culvert ratings

1.1.6.2. National Cooperative Highway Research Program (NCHRP)/American Association of
State Highway Transportation Officials (AASHTO)

NCHRP 14-26, Culvert and Storm Drain System Inspection Manual, was published in May 2016
and serves as a proposed update to the FHWA Culvert Inspection Manual. The NCHRP report
contains several changes from the FHWA method. The largest change is a proposed five-point
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rating system which the authors feel more directly correlates to observed conditions. Rating
descriptions have been reorganized to a component-level evaluation to be consistent with the
AASHTO Bridge Element Inspection Manual. Culvert materials including plastic and timber have
been added. New rating descriptions were added to focus on incorporating quantitative
measures of distress. The final NCHRP report was submitted to AASHTO for adoption (Beaver &
Richie 2016).

The Culvert and Storm Drain System Inspection Manual is currently under review by AASHTO. It
is not known what changes may be made to the NCHRP report and when publication by
AASHTO may occur.

1.1.6.3. 2008 Midwest Regional UTC (Madison)

This method was developed as the result of a research project performed by the Midwest
Regional University Transportation Center (UTC) in an attempt to give more insight for asset
management of culverts. In this method, individual element ratings are combined into a single
rating value based on a weighted average algorithm that uses an analytical hierarchy process
(AHP) based on a pairwise comparison approach (i.e. “thisis ___ more important than that”).
This method is broken down into two tiers, Basic Condition Assessment (BCA) and Advanced
Condition Assessment (ACA). In BCA, individual culvert components such as the invert,
structure, and footings are rated on a 1-5 scale (5 being excellent and 1 being failure/critical)
and then multiplied by a computed relative weight determined by an algorithm based on the
decided importance of the component relative to other culvert components. These weighted
component ratings are then summed to achieve an overall culvert rating. Each inspected
culvert undergoes a BCA,; if the structure scores higher than a 2.5, then the BCA score is
assigned as the culvert condition rating. If the structure scores below a 2.5 on the 5-point scale,
an ACA is performed to determine the overall culvert rating (Najafi et al. 2008).

In ACA, culvert conditions that lead to deterioration are rated rather than the components of
the culvert themselves. These conditions are specific to the culvert material; for example,
concrete culverts would be rated based on the conditions of cracking, scouring, settlement,
joint openings, misalignment, and the concrete surface. Corrugated metal structures would be
rated on different criteria. These conditions are rated on the same 1-5 scale, multiplied by a
factor determined during the AHP, and then summed to achieve an overall culvert rating. Both
the BCA and ACA culvert ratings are reported if ACA is performed (Najafi et al. 2008).

This analysis tool for condition ratings is more rigorous than other methods and is designed to
make a greater distinction between culvert ratings in attempt to be a more useful tool for asset
management. Additionally, this system proposes the collection of a specific and extensive set of
inventory data, which it titles Culvert Inventory Data Collection Format (CIDCF) (Najafi et al.
2008).
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1.1.6.4. Agencies’ Methods

Vermont DOT uses a 0-9 scale National Bridge Inspection Standards (NBIS) rating system to
evaluate their culverts between 6 and 20 feet and uses a five-level (excellent, good, fair, poor,
critical) system to evaluate culverts less than 6 feet (FHWA 2004). Vermont has been collecting
data on culverts between 6 and 20 feet as part of their bridge program for decades. Los Angeles
County also uses descriptive condition ratings such as “good”, “in need of repair”, “blocked”,
“eroded”, or “collapsed” (Venner 2014). Maryland uses the NBIS Item 62 (0-9 scale) for their
culvert condition ratings. Minnesota inspects large culverts (10-20 feet) with a condition ratings
system based on Pontis and NBIS. Smaller culverts (1-10 feet) are rated using a scale of 1 to 4
with 1 being the best condition. Pipes rated as 4 indicate an immediate fix may be required and
those rated as 3 indicate repairs should be conducted as time and resources allow. Alabama
does not require formal inspection reports, and written data is not collected or gathered into a
database. Inspection is not based on a formal rating or NBIS condition evaluation system.
Shelby County (Alabama) uses a condition rating system based on NBIS Item 62 ranging from 0-
9 with 9 indicating “no deficiencies” and 0 indicating “structure closed and needing
replacement” (FHWA 2007). Michigan’s inspection guide uses a 1-9 scale, where 9 equals no
repairs needed, and 1 indicates that emergency action is required and the roadway should be
closed (MDOT 2016). The Office of Federal Lands Highway uses a good, fair, poor, critical
system to rate their culverts, with different condition evaluation rating tables created for
varying culvert types (Hunt et. al. 2010).

Ohio DOT had previously collected location and condition data for culverts with 10-20 feet
spans using the 0-9 NBIS rating system and opted to continue and adapt that rating system for
culverts less than 10 feet (Venner 2014). They have also developed their own Culvert
Management System, detailed in their 2017 Culvert Inspection Manual. This document is based
on the FHWA system, but provides additional quantitative and qualitative rating descriptors for
rating corrugated metal, concrete, masonry, and plastic culvert structures beyond what is
described by the FHWA (ODOT 2017).

The 2018 Wisconsin Department of Transportation (WisDOT) Bridge Inspection Field Manual
provides descriptors for condition rating timber bridges whereas timber culvert condition
ratings are not covered under the existing FHWA system. These condition ratings relate to
deterioration problems experienced by culverts as well, and thus is a useful resource in
developing a timber culvert condition rating system (WisDOT 2018).

1.1.7. Training Programs

A few states provide explanations of their training processes. Ohio DOT conducts a focused
one-day training on their 0-9 culvert rating system (Venner 2014). Minnesota DOT does not
require NBIS training for inspectors of 1-10 feet culverts; however, most participate in a one-
day course focused on condition, codes, problems, and data formatting (FHWA 2007).
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In 2006, Alabama conducted a training program for engineers and engineering technicians from
the Alabama DOT and local agencies on the use of asset management software. The format was
three separate full-day seminars where attendees were introduced to culvert asset
management, introduced to the FHWA Culvert Management System software, and performed
practice problems regarding use of the software. Responses to this training session yielded
mostly positive results from attendees (Davidson & Grimes 2006).
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APPENDIX B: PRE-CULVERT PILOT SURVEY

Which of the following best describes your current culvert inventory and condition evaluation

program:

Culverts have not been inventoried or condition evaluated.

What is your best estimate for the number of culverts in your

jurisdiction?

A portion of agency culverts have been inventoried, but none or very few have had their

condition evaluated on a routine basis (at least once every 5 years).

How many culverts have been inventoried?

What percentage of the culverts in your jurisdiction do you feel this
represents? (Note: enter 100% if you believe every culvert is included in

your inventory data)

Culverts may be subdivided into categories to facilitate various needs
such as condition evaluation techniques, asset management, or

maintenance. If your agency subdivides culverts, what criteria is used and

what benefit is gained?
What culvert characteristics do you record?

EHY SO0V OSITATITSE0Q0 T

Inventory ID
Waterway

GPS Coordinates
Material Type
Asset Collection Date
Date Installed
Shape

Entrance Structure
Exit Structure
Skew Angle

Length

Span

. Rise

Depth of Cover
Height/Diameter
Width

Culvert Rating
Maintenance
Work Orders
Photos

Other -
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e How do you organize and store your culvert inventory data? (e.g., paper
files, spreadsheet, database, asset management software, etc.)

e [f some of your culverts have had their condition evaluated, please
describe your strategy for evaluating culverts and the rating system that
you used.

Most culverts have been inventoried and their condition evaluated on a routine basis (at
least once every 5 years)

e How many culverts have been inventoried?

e What percentage of the culverts in your jurisdiction do you feel this
represents? (Note: enter 100% if you believe every culvert is included in
your inventory data)

e Culverts may be subdivided into categories to facilitate various needs
such as condition evaluation techniques, asset management, or
maintenance. If your agency subdivides culverts, what criteria is used and
what benefit is gained?

e What culvert characteristics do you record?

Inventory ID
Waterway
GPS Coordinates
Material Type
Asset Collection Date
Date Installed
Shape
Entrance Structure
Exit Structure
Skew Angle
Length
Span

. Rise
Depth of Cover
Height/Diameter
Width
Culvert Rating
Maintenance
Work Orders
Photos
Other -

e How do you organize and store your culvert inventory data? (e.g., paper
files, spreadsheet, database, asset management software, etc.)

"YW SOTOSITATTSR A0 QO0 T

c

e How many culverts have been condition evaluated?
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e What rating system do you currently use? (please note if different rating
systems are used for different subcategories of culverts, for example
culverts 1 —9.9 feet vs 10 — 19.9 feet)

0 FHWA (1986) (the system used by RoadSoft)
0 Other, please provide more information:

e What components of the culvert system are considered in your overall
condition evaluation? (e.g., upstream end, culvert pipe, downstream end,
apron, etc.)

e How frequently do you evaluate the condition of your culverts? Does the
frequency vary depending on culvert size, material, condition of roadway
above, or other properties?

e What tools and equipment do you use to conduct condition evaluation of
culverts?

e How do you organize and store your culvert condition data? (e.g., paper
files, spreadsheet, database, asset management software, etc.)

Other comments you would like to share with the TAMC Bridge Committee regarding
the Michigan Culvert Mapping Pilot Program or your agency’s current culvert inventory
and condition evaluation program:

Would you be interested in participating in the pilot? We are looking for agencies with
all levels of existing culvert inventory and condition data. Participants must be able to
complete their inventory, condition evaluation, and reporting by August 2018.

Agency —

Name —

Email —

Phone number —

May we contact you with any questions?
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APPENDIX C: PARTICIPATING LOCAL AGENCIES

Agency County Tier

Antrim County Road Commission Antrim County Tier 1
Baraga CRC Baraga County Tier 1
Charter Township of Clayton Tier 1
Charter Township of Ypsilanti Tier 1
Charter Township of Flushing Tier 1
City of Battle Creek Tier 1
City of Benton Harbor Tier 1
City of Brown City Tier 1
City of Burton Tier 1
City of Clio Tier 1
City of East Tawas Tier 1
City of Fenton Tier 1
city of ironwood Tier 1
City of Lake Angelus Tier 1
City of Munising Tier 1
City of Southfield Tier 1
City of West Branch Tier 1
City of Whitehall Tier 1
Farmington Hills Tier 1
Houghton County Road Commission Houghton County Tier 1
Lake County Road Commission Lake County Tier 1
Leelanau County Road Commission Leelanau County Tier 1
Marquette County Road Commission Marquette County Tier 1
Marquette CRC Marquette County Tier 1
Missaukee County Road Comm. Missaukee County Tier 1
Montcalm County Road Commission Montcalm County Tier 1
Networks Northwest Tier 1
Village of Vermontville Tier 1
village of Carsonville Tier 1
Village of Caledonia Tier 1
village of Daggett Tier 1
Village of Fairgrove Tier 1
Village of Holly Tier 1
Village of Howard City Tier 1
Village of Lincoln Tier 1
Village of Morrice Tier 1
Village of Newberry Tier 1
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Agency

Village Of Pentwater

Village of Sanford

Village of Walkerville

Roscommon Co. Road Comm.
Tuscola County Road Commission
City of Tecumseh

Cass County Road Commission

City of Cadillac

Oceana County Road Commission
Oceana County Road Commission
Oscoda County Road Commission
Shiawassee County Road Commission
City of Muskegon Heights

Kalkaska County Road Commission
Hillsdale County Road Commission
Lapeer County Road Commission
Barry CRC

Saginaw County Road Commission
City of Marysville DPW

City of Big Rapids

City of St. Louis

Road Commission of Kalamazoo County
Van Buren County Road Commission
Village of Lennon

HRC - City of Bloomfield Hills

St. Clair County Road Commission
City of Coldwater

Branch County Road Commission
City of Mt. Pleasant

Grand Traverse County Road Commission
Ottawa County Road Commission
Benzie County Road Commission
Mecosta County Road Commission
Allegan County Road Commission
Ingham County Road Department
Dickinson County Road Commission
St Clair County Road Commission
Muskegon County Road Commission

County

Roscommon County
Tuscola County

Cass County

Oceana County
Oceana County
Oscoda County
Shiawassee County

Kalkaska County
Hillsdale County
Lapeer County
Barry County
Saginaw County

Kalamazoo County
Van Buren County

St. Clair County

Branch County

Grand Traverse County

Ottawa County
Benzie County
Mecosta County
Allegan County
Ingham County
Dickinson County
St. Clair County
Muskegon County
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Tier 1
Tier 1
Tier 1
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
Tier 2
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Agency

Genesee County Road Commission
City of Rochester Hills

Washtenaw County Road Commission
Clinton County Road Commission
Road Commission for Oakland County
Huron County Road Commission

Bay County RC

Kent County Road Commission
Midland County Road Commission

County
" Genesee County

Washtenaw County
Clinton County
Oakland County
Huron County

Bay County

Kent County
Midland County
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Tier 3
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APPENDIX D: TRAINING DOCUMENT

INTRODUCTION

This document will provide guidance on how and what inventory data to collect for the TAMC
Michigan local agency culvert pilot, particularly with regards to condition evaluation of culverts.
It will outline the inventory data input into Roadsoft as described in the Condition Evaluation
webinar presented on April 26, 2018 and May 2, 2018, and provide information regarding what
culvert aspects should be inspected for a given culvert type.

For determining a specific condition rating of a culvert, inspectors should use the Culvert Rating
Charts provided during the webinars. The purpose of this document is to provide further detail
on the condition ratings provided on those rating charts.

It is noted that this pilot considers any structure with a span under twenty feet as a culvert, and
any span larger than twenty feet is considered a bridge. Around twenty feet, it may be unclear
whether to rate the structure as a bridge or culvert; the inspector should make this judgement.
If it is determined to rate a structure as a bridge, the inspector should use the MDOT bridge
inspection form.
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INVENTORY DATA INPUT INTO ROADSOFT

Inventory ID — Automatically generated by Roadsoft.

GPS Coordinates — Latitude and longitude of the culvert, measured at the middle of the road
overtop the structure and recorded in decimal degrees.

Material Type — The primary material of the culvert structure.

* Undefined * Pre-Cast Concrete Pipe

*  Aluminum Box Culvert *  Structural Plate Aluminum Pipe
*  Aluminum Long Span Structure *  Structural Plate Steel Pipe

* (Cast-in-place Concrete Culvert * None

* Corrugated Aluminum Pipe Maodified Roadsoft Fields

* Corrugated Steel Box Culvert *  Plastic

* Corrugated Steel Pipe *  Timber

* Long Span Corrugated Steel Structure *  Steel

*  Masonry Culvert *  Aluminum

* Other * Concrete

Asset Collection Date — Date at which the condition ratings were collected.

Shape — Original shape of the culvert, reference Figure 1 for common shapes.

*  Undefined *  Pipe Arch

* Arch * Rectangular

*  Circular *  Underpass

* High Profile Arch *  Vertical Ellipse

* Horizontal Ellipse Meodified Roadsoft Fields
* Low Profile Arch * Box

* Other *  Multi-cell box

* Pear *  3-sided

*  Slab/superstructure & abutment
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COOCH™

Pipe Arch Elliptical Low Profile Arch Arch

Circular Box High Profile Arch

Figure 1. Common Shapes (Note that arch and box shapes may be 3-sided, supported by footings)
Skew Angle — The acute angle formed by the intersection of the line normal to the centerline of
the road with the centerline of the road with the centerline of a culvert. Reference Figure 2.

Figure 2. Positive and Negative Skew Angles
Length — Horizontal distance of the culvert from inlet to outlet. Reference Figure 3.

Figure 3. Length of Culvert
Width — The original distance of the culvert opening (perpendicular to the length). Reference
Figure 4.
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Height / Diameter — The original height of the culvert opening. Reference Figure 4.

Height/Diameter

Width
Figure 4. Width & Height/Diameter of Culvert Structures

Depth of Cover — The depth of soil from the roadway to the peak of the culvert structure.
Reference Figure 5 on how to take measurement.

«+—— Road width——»

Depth of Cover i

\ &

Structure Length

A

Figure 5. Measuring Depth of Cover
Roadway Surface Type — Surface type of the roadway above the culvert.

Culvert Condition Rating — An overall culvert condition rating entered into the statewide
database.

e Based on Structural Deterioration, Invert Deterioration, Structural Deformation,
Joints/Seams, Blockage, and Scour element ratings for the culvert.
e Generally represents the weakest link.
* Can be overridden by inspector for site-specific circumstances
* Please add comment if rating different than the lowest of the 6 element ratings
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Photographs (optional) —

* Primary photos:
e 2 from each end (4 total)
* One looking at the inlet/outlet and some surroundings
* One looking into the culvert
e Secondary photos:
e Atthe discretion of the inspector
* Road Surface
e Blockage
* Scour
* Etc.
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CONDITION RATING DEFINITIONS

Abrasion: Wearing or grinding away of material by water laden with sand, gravel, or stones.
Abrasion is generally most serious in steep areas where high flow rates carry sand and rocks
that wear away the culvert invert. Abrasion can also accelerate corrosion by wearing away
protective coatings.

Backfill: The material used to refill the trench, or the embankment placed over the top of the
bedding and culvert.

Bedding: The soil used to support the load on the pipe. For rigid pipe, the bedding distributes
the load over the foundation. It does the same thing for flexible pipe except that it is not as
important a design factor.

Bed Load: Sediment that moves by rolling, sliding, or skipping along the bed and is essentially in
contact with the streambed.

Buckling: A bend, warp, or crumpling in flexible materials (usually as a result of compression).

Backfill: The material used to refill the trench, or the embankment placed over the top of the
bedding and culvert.

Capacity: Maximum flow rate that a channel, conduit, or structure is hydraulically capable of
carrying. The units are usually cubic feet per second (CFS) or gallons per minutes (GPM).

Coating: Any material used to protect the integrity of the structural elements of a pipe from the
environment and add service life to the culvert.

Cover: The depth of backfill over the top of the pipe.

Compaction: The process by which a sufficient amount of energy is applied to soil to achieve a
specific density.

Corrosion: Deterioration of metal due to electrochemical or chemical reactions. Culverts are
subject to corrosion in certain aggressive environments. Can apply to reinforcement in concrete
and masonry structures, or for corrugated metal structures directly.

Crack: A fissure in installed precast concrete culvert.
Crown: The top or highest point of the internal surface of the transverse cross section of a pipe.

Culvert: A drainage opening beneath an embankment, usually a pipe, designed to flow
according to open channel equation.
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Debris: Any material including floating woody materials and other trash, suspended sediment,
or bed load, moved by a flowing stream.

Degradation: General progressive lowering of the stream channel by erosion.

Deflection: A deviation from the original design shape without the formation of sharp peaks or
valleys.

Delamination: Subsurface separation of concrete into layers. Separation of reinforcement from
concrete.

Differential Settlement: Unequal movement of structural components previously aligned
creating differences in vertical positioning.

Dimpling: Used to describe a wavy or waffling pattern that occurs in the inner wall of plastic
pipe due to local instability.

Efflorescence: Deposits on concrete or brick caused by crystallization of carbonates brought to
the surface by moisture in the masonry or concrete

Embankment: A bank of earth, rock or material constructed above the natural ground surface
over a culvert.

Erosion: Wearing away of the streambed (or embankments) by flowing water

Flexible Structures: A structure with relatively little resistance to bending. CMP and plastic
structures are flexible structures.

Footings (Foundation): The in-place material beneath the pipe, arch, or three-sided box.
Usually made of concrete and supports the main structure.

Galvanizing: A protective coating of zinc applied to corrugated metal to resist corrosion and
rust damage

Hairline cracking: Very small cracks that form in the surface of the concrete pipe due to tension
caused by loading. Small hairline cracks with hardly perceptible widths are common and are not
cause for alarm in concrete structures. Moisture, leakage, and staining will make these cracks
more severe over time.

Hinging: Used to describe yielding of the flexible material due to excessive bending moment in
the pipe wall. Pipe wall exhibits a sharp crease pointed inward or outward. Hinges usually form
at the 3 o’clock and 9 o’clock positions.

Honeycombs: Areas in concrete where mortar has separated and left spaces between the
coarse aggregate, usually caused by improper vibration during concrete construction
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Invert: The bottom or lowest point of the internal surface of the transverse cross section of a
pipe.

Joint: A connection between two pipe sections, made either with or without the use of
additional parts

Leakage: Water infill through concrete cracks

Piping: A process of subsurface erosion in which surface runoff flows along the outside of a
culvert and with sufficient hydraulic gradient erodes and carries away soil around or beneath
the culvert.

Pitting corrosion (pitting): A form of extremely localized corrosion in corrugated metal that
leads to the creation of small holes in the metal.

Pop-outs: Conical fragments broken out of a concrete surface by pressure from reactive
aggregate particles

Rigid Structures: A pipe with a high resistance to bending. Concrete and Masonry structures are
rigid structures.

Rip Rap: Rough stone of various sizes placed compactly or irregularly to prevent scour by water
or debris.

Scaling: Gradual but continuing loss of mortar and aggregate over an area due to the chemical
breakdown of the cement bond. Occurs in concrete and masonry culverts.

Scour (Outlet): Degradation of the channel at the culvert outlet as a result of erosive velocities.

Seepage: The escape of water through the soil, or water flowing from a fairly large area of soil
instead of from one spot, as in the case of a spring.

Spalling: Depressions in concrete caused by a separation of a portion of the surface concrete,
revealing a fracture parallel with or slightly inclined to the surface. Exposed reinforcing bars can
be present.

Springline: The points on the internal surface of the cross section of a pipe intersected by the
line of maximum horizontal dimension; or in box sections, the mid-height of the internal
vertical wall.

Wall Crushing: Used to describe yielding of plastic material in the wall produced by excessive
compressive stresses. Pipe wall exhibits a wrinkled effect.

Appendix D: Michigan Local Agency Culvert Inventory and Evaluation Pilot 111



CORRUGATED METAL PIPE

Structural Deterioration

Corrosion of the culvert structure can be a serious problem with adverse effects on the culvert’s
structural performance. Extensive corrosion along the culvert structure is a common indication
that the soil surrounding the culvert has corrosive action influenced by the soil’s electrical
resistivity, chloride content, and pH level. This corrosion can weaken the structural capacity of
the culvert over time and can lead to collapse. The condition of the metal in corrugated metal
culverts and any coatings, if used, should be considered when assigning a rating to the culvert
structure. Extensive pitting corrosion is of critical importance; section loss plays a large role in
structural stability depending on location and significance of the pitting.

The inspection should include visual observations of invert metal corrosion and abrasion. As
steel corrodes it expands considerably. Relatively shallow corrosion can produce thick deposits
of scale. A geologist's pick-hammer can be used to scrape off heavy deposits of rust and scale
permitting better observation of the metal. A hammer can also be used to locate unsound areas
of exterior corrosion by striking the culvert wall with the pick end of the hammer. When severe
corrosion is present, the pick will deform the wall or break through it. The inspector should
document the extent & location of surface deterioration problems along the invert.

Localized denting and cracking damage should also be inspected for, especially if this damage
occurs under the roadway. When examining dents in corrugated steel culverts, the opposite
side of the plate should also be checked, if possible, for cracking or de-bonding of the
protective coating.

Invert Deterioration
Closed Bottom Structures-

Corrosion and abrasion of culvert inverts can be serious problems with adverse effects on the
culvert’s water conveyance. If excessive corrosion and abrasion occur along the invert, the
invert can become perforated and significant undercutting can occur. Damage due to corrosion
and abrasion is a common cause for culvert replacement. The condition of the metal in
corrugated metal culverts and any coatings, if used, should be considered when assigning a
rating to the culvert invert.

Corrosion along the invert is commonly due to acidity of water flowing through it and should be
inspected for in the same manner as corrosion of the structure. Abrasive damage of the invert
is due to soils and/or debris carried through the culvert. The invert and any protective coatings
should be examined for abrasion damage, tearing, cracking, and removal.

Corrugated metal culverts may be paved with concrete inverts. Paved concrete inverts are
usually floating slabs used to carry water. Invert slabs provide protection against erosion and
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undercutting and are also used to improve hydraulic efficiency. Concrete inverts are sometimes
used in circular, as well as other culvert shapes, to protect the metal from severe abrasive or
severe corrosive action. Concrete invert slabs should be checked for undermining and damage
such as spalls, open cracks, and missing portions. The significance of the damage will depend on
its effect on the corrugated metal. Inspectors should note the condition of any liner if present
but should rate the condition of the corrugated metal.

Arches-

See Invert Deterioration — Footings section

Structural Deformation

The deformation inspection should begin by approaching the culvert from the ends and sighting
the sides and top. Also check for signs of pavement depression, guardrail movement, or gaps
between headwalls and the pipe barrel. The cross-sectional shape of the culvert barrel should
be observed and measured when inspecting flexible culverts. The deformation rating for the
culvert is to account for irregularities transverse to the culvert barrel.

Measurements should be taken at the ends of the structure, and at additional intermediate
locations depending on the size and condition of the structure. Monitoring programs might be
needed to determine the rate of movement.

Significant changes in shape since the last inspection should be carefully evaluated, even if the
structure is still in fairly good condition. Dimensional checks should be made for suspect
structures, and these dimensions should be monitored over time. If there is instability of the
backfill, the pipe will continue to change shape. When distortion or curve flattening is apparent,
the extent of the flattened area, in terms of arc length, length of culvert affected, and the
location of the flattened area should be described in the inspection report.

For structures with shallow cover, the inspector shall make observations of the culvert with a
few live loads passing over it. Discernible movement in the structure may indicate possible
instability and a need for more in-depth investigation. Different culvert shapes will be rated by
different criteria.

Closed Bottom Structures-

Each closed bottom shape will deform in different manners depending on its geometry.
Generally, for round pipes, smooth curvature will start to form on the crown of the structure
and flattening will occur in the invert of the structure as deformation occurs. Severity of these
deformations will depend on how much the structure has deformed in its horizontal direction
and severity of isolated deformations, such as kinks.

Different shapes have different percentages of horizontal direction expansion to indicate
severity of damage. For example, a Fair condition round structure can deform 10-15% greater
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than its original design while a Fair Pipe Arch can deform only 5-7% greater than its original
design. Refer to the CMP Section Deformation Rating Chart to rate specific shapes.

Arches-

Arches are fixed on concrete footings, usually below or at the springline. The springline is the
horizontal line connecting the furthest horizontal extents of the culvert. This difference
between pipes and arches is that an arch tends to deflect differently during the placement of
backfill. Backfill forces tend to flatten the arch sides and peak its top. As a result, important
deformation factors to look for in an arch are flattened sides, peaked crown, and a flattened
top arc.

Another important deformation factor in arches is symmetry. If the arch was erected with the
base channels not square to the centerline, it can lead to a racking of the cross section. A
racked cross-section is one that is not symmetrical about the centerline of the culvert. One side
tends to flatten; the other side tends to curve more while the crown moves laterally and
possibly upward. If these distortions are not corrected before backfilling the arch, they usually
get worse as backfill is placed.

Joints/Seams

If there are joints between pipe segments not connected by seams, refer to Joints section.

Corrugated metal structures often have overlapping seams bolted together that connect plates
at the joints (Circumferential Seams). Additional seams also exist on structural metal plate
culverts longitudinal to traffic that link plates together to form a cross section (Longitudinal
Seams). All bolted splice seams should be checked for loose or missing bolts, corrosion on the
bolts or metal at the connections, and tears or cracks in metal at the bolt lines. Longitudinal
seams must be checked for additional criteria. If a structural metal plate culvert is being
inspected, the worse rating of the longitudinal and circumferential seams shall be selected as
the controlling rating.

Circumferential Seams- The circumferential seams in helical pipe, like joints in factory pipe, do
not carry ring compression thrust in the pipe. They do make the conduit one continuous
structure. Distress in these seams is rare and will ordinarily be the result of a severe differential
deflection or distortion problem or some other manifestation of soil failure. For example, a
steep sloping structure through an embankment may be pulled apart longitudinally if the
embankment moves down. Plates should be installed with the upstream plate overlapping the
downstream plate to provide a “shingle” effect in the circumferential seam. Seam distress is
important to note during inspections since it would indicate a basic problem of stability in the
fill. Circumferential seam distress can also be a result of foundation failure, but in such cases
should be clearly evident by the vertical alignment.
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Longitudinal Seam Defects in Structural Metal Plate Culverts - Longitudinal seams should be
visually inspected for open seams, cracking at bolt holes, plate distortion around the bolts, bolt
tipping, cocked seams, cusped seams, and for significant metal loss in the fasteners due to
corrosion. In riveted or spot welded pipes, the seams are longitudinal and carry the full ring
compression in the pipe. These seams must be sound and capable of handling high compression
forces. When inspecting the longitudinal seams of bituminous-coated corrugated metal
culverts, cracking in the bituminous coating may indicate seam separation.

Seam Defects in Structural Plate Culverts:

(1) Loose Fasteners- Seams should be checked for loose or missing fasteners. For steel
structural plate structures, longitudinal seams are bolted together with high-strength bolts in
two rows; one row in the crests and one row in the valleys of the corrugations. These are
bearing type connections and are not dependent on a minimum clamping force of bolt tension
to develop interface friction between the plates. Fasteners in steel structural plate may be
checked for tightness by tapping lightly with a hammer and checking for movement.

For aluminum structural plate structures, the longitudinal seams are bolted together with
normal strength bolts in two rows with bolts in the crests and valleys of both rows. These
seams function as bearing connections, utilizing bearing of the bolts on the edges of holes and
friction between the plates.

(2) Cocked and Cusped Seams- The longitudinal seams of structural plate are the principal
difference from factory pipe. The shape and curvature of the structure is affected by the lapped
bolted longitudinal seam. Improper erection or fabrication can result in cocked seams or
cusped effects in the structure at the seam. Slight cases of these conditions are fairly common
and frequently not significant. However, severe cases can result in failure of the seam or
structure. When a cusped seam is significant the structure's shape appearance and key
dimensions will differ significantly from the design shape and dimensions. The cusp effect
should lead to the structure to receive very low ratings on the shape inspection if it is a serious
problem. A cocked seam can result in loss of backfill and may reduce the ultimate ring
compression strength of the seam.

(3) Seam Cracking- Cracking along the bolt holes of longitudinal seams can be serious if allowed
to progress. As cracking progresses, the plate may be completely severed and the ring
compression capability of the seam lost. This could result in deformation or possible failure of
the structure. Longitudinal cracks are most serious when accompanied by significant deflection,
distortion, and other conditions indicative of backfill or soil problems. Longitudinal cracks are
caused by excessive bending strain, usually the result of deflection. Cracking may occasionally
be caused by improper erection practices such as using bolting force to “lay down” a badly
cocked seam.

(4) Bolt Tipping- The bolted seams in structural plate culverts only develop their ultimate
strength under compression. Bolt tipping occurs when the plates slip. As the plates begin to
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slip, the bolts tip, and the bolt holes are plastically elongated by the bolt shank. High
compressive stress is required to cause bolt tipping. Structures have rarely been designed with
loads high enough to produce a ring compression that will lead to bolt tip. However, seams
should be examined for bolt tip particularly in structures under higher fills. Excessive
compression on a seam could result in plate deformations around the tipped bolts and failure is
reached when the bolts are eventually pulled through the plates.

Blockage

Refer to Blockage Section

Scour

Refer to Scour Section
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CONCRETE PIPE

Structural Deterioration

In concrete structures, reinforcing steel is designed to assume some of the imposed loads.
Therefore, small hairline cracks (with widths that are hardly perceptible) are expected and are
not cause for alarm. Larger cracks, especially those with evidence of efflorescence or rust
staining, are a greater cause of concern that will influence the criticality of the cracks.
Inspectors should look for cracking and note the extensiveness of the individual cracks, and the
number of overall cracks.

The location of cracking in concrete structures can indicate the type of problems being
experienced. In concrete pipe, longitudinal cracks at the 3, 6, 9, and 12 o’clock positions
indicate flexure cracking caused by poor side support. Longitudinal cracking in the invert at the
5 and 7 o’clock positions indicate shear cracking caused by poor haunch support. Likewise,
cracking at the 11 and 1 o’clock positions may be the result of shear forces from above the
structure. Cracking at comparable locations in box culverts indicate similar failure types.
Transverse cracks may also occur and are usually the result of non-uniform bedding or fill
material causing point loads on the pipe. Inspectors should note the locations of cracking in
their report for determination of their cause.

Spalling and delamination affect the structural performance of concrete structures as well.
Spalled sections indicate failing structural performance of the reinforcement due to corrosion,
especially if pop-outs have occurred, which can critically affect structural stability if the spalled
section is large enough or there are multiple spalled sections. Delamination is similar to
spalling, if the concrete delaminates, the structural performance is reduced significantly,
especially if the reinforcement separates from the concrete. Inspectors should note any and all
sections with evidence of spalling and delamination and note any exposed rebar and visible
corrosion of the reinforcement.

Abrasion leading to scaling should be noted in the inspection as well. Surface scaling allows for
continued abrasion to be more destructive to the concrete and can wear away at the material
more quickly. This can expose reinforcement, reduce the structure’s durability, and shorten the
service life of the culvert. The inspector should note the amount of scaling and its depth along
the invert.

Invert Deterioration
Closed Bottom Structures-

Invert deterioration of closed bottom structures should be rated using the same criteria as
structural deterioration.

Open Bottom Structures-
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See Invert Deterioration — Footings section

Structural Deformation

Not Applicable

Joints/Seams

Refer to Joints section

Blockage

Refer to Blockage section

Scour

Refer to Scour section
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PLASTIC PIPE

Structural Deterioration

Plastic pipe materials may experience splits that can affect structural performance of the
culvert. A split, rip, tear, or crack is any separation in the wall material other than at a designed
joint. Inspectors should note any split in the plastic material; their criticality will depend on the
size and number of splits. Larger splits and multiple splits have a larger chance of structural
failure.

Buckling damage, such as bends, warps, or crumpling, are reported under the section
deformation rating and should not be considered in the Structural Deterioration rating.

Invert Deterioration

Plastic pipe materials are prone to abrasive damage due to soils and debris flowing through the
culvert; perforations due to abrasion on the invert should control for plastic invert inspection.
The severity of these perforations depends on their location along the length of the culvert, and
the size and amount of perforations.

Structural Deformation

There are several things to be considered determining shape deformations in plastic pipe.
Deflection, or a deviation from the original design shape should be inspected for. Deflection
becomes critical when the pipe deforms completely under its load, causing severe, sharp bends
at the peak of the structure. Multiple types of buckling (bends, warps, or crumpling) should be
inspected for as well, caused by hinging, wall crushing, or dimpling. All these deformations are
indicators of the culvert’s failing condition and functionality.

Joints/Seams

Refer to Joints section

Blockage

Refer to Blockage section

Scour

Refer to Scour section
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MASONRY

Structural Deterioration

Much like concrete culverts, cracking and spalling can have a large impact on the structural
performance of masonry culverts. When this damage is widespread, the culvert condition is
more critical. Inspectors should note significant cracking, and spalling of the masonry blocks as
well as their locations.

Displacement of individual masonry units can have an effect on the overall structure
performance as well. This is most true when the displaced masonry units are at the bottom of
the structural sidings; if these units become dislodged, the units they support above are prone
to collapse as well. The inspector should note significantly displaced masonry units, especially if
there are multiple in close proximity to each other.

Invert Deterioration

See Invert Deterioration — Footings section

Masonry structures also commonly have concrete inverts. If the structure under inspection has
a concrete invert, rate the invert based on the Concrete Closed Bottom Structure rating.

Structural Deformation

Not Applicable

Joints/Seams
Refer to Joints section

Joints in masonry culverts are rated in a slightly different manner; the joints in a masonry structure
are not aligned between specific segments, but rather they are present between masonry
blocks. These joints are inspected for mortar cracks, water exfiltration, backfill infiltration, vegetation
in the cracks, and misalignment due to lack of mortar. All of these problems can indicate a failing
masonry culvert structure.

Blockage

Refer to Blockage section

Scour

Refer to Scour section
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SLAB AND ABUTMENT

Structural Deterioration

The slab is the primary load-carrying member and should be inspected top and bottom for
evidence of leakage, deterioration and structural adequacy. The edge of the slab,
approximately the first 12 inches, will not govern the condition rating.

Visually inspect the concrete deck for cracks, spalls, and other defects. Hammers and chain
drags can be used to detect areas of delamination. A delaminated area will have a distinctive
hollow “clacking” sound when tapped with a hammer or revealed with a chain drag. A hammer
hitting sound concrete will result in a solid “pinging” type sound.

Documentation should be placed on the form stating if the reinforcing steel bars are exposed
on all surfaces. Note length, number of bars exposed, and location.

Common concrete deck defects may include:

e Cracking

* Scaling

e Delamination
* Spalling

e Efflorescence

* Honeycombs

* Pop-outs

e Wear

e Collision damage

e Abrasion

e Corrosion of reinforcing bars

Invert Deterioration

See Invert Deterioration — Footings section

Concrete / Masonry Abutment

An abutment is a substructure unit located at the ends of a bridge or slab culvert. Its function is
to provide end support for the bridge and to retain the approach embankment. Wingwalls are
also located at the ends of a bridge or culvert. Their function is only to retain the approach
embankment and not to provide end support for the bridge. Wingwalls are considered part of
the abutment component only if they are integral with the abutment. When there is an
expansion joint or construction joint between the abutment and the wingwall, that wingwall is
defined as an independent wingwall and not considered in the evaluation of the abutment
component.
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Inspection procedures for abutments involve examining material deterioration and settlement.
However, because stability is a paramount concern, checking for various forms of movement
are required.

The most common problems observed during the inspection of abutments are:

e Vertical movement

e Lateral movement

* Rotational movement

* Material defects

* Drainage system malfunction

Blockage

Refer to Blockage section

Scour

Refer to Scour section
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TIMBER

Structural Deterioration

Crushing due to rot, insect or rodent damage, and abrasion or wear are the largest threats to
timber culvert structures. Insects or rodents can penetrate the structure and eat away at the
wood members while leaving holes, creating section loss of the member’s cross section, and
lessening the member’s structural capacity. Inspectors should look for evidence of infiltration
by searching for the small holes on the surface of wood members. Minor insect or rodent
damage can have little effect on structural capacity, but when significant damage has occurred,
the structural capacity will be reduced.

Rotting members, particularly those near the bottom of the structure, will threaten the
structural capacity of the member as well. When a wood member is significantly rotted, it is
prone to crushing from the weight it supports. Inspectors should note any significant areas of
rot, especially on primary structural members.

Abrasion is another factor causing section loss of structural members in timber structures.
Abrasion due to soils and debris will wear down and chip away the wood surface over time,
reducing the durability of the invert. Typical abrasion damage in wood inverts appears as chips
and reduced thicknesses. Inspectors should note any significant abrasion resulting in significant
member section loss.

Checks and cracking of key structural members, particularly stringers, is a sign of imminent
collapse and is of critical importance. Heavy loading or consistent fatigue loading on these
members will increase the stress on these members, causing the cracks and checks to extend,
and may lead to failure of the members. Inspectors should note any visible structural cracks on
structural members. It should be noted that standard drying cracks in wood are normal and
expected, and do not constitute structural problems.

The connecting fasteners should also be inspected for rusting, loosening, or any other damage
that will threaten the integrity of the connection. The severity of the fastener conditions on the
structural deterioration will depend on the extent and severity of damage.

Invert Deterioration
See Invert Deterioration — Footings section

Timber structures also commonly have concrete inverts. If the structure under inspection has a
concrete invert, rate the invert based on the Concrete Closed Bottom Structure rating.

Structural Deformation

Not Applicable
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Joints/Seams

Refer to Joints section

Blockage

Refer to Blockage section

Scour

Refer to Scour section
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INVERT DETERIORATION - FOOTINGS

For structures supported by footings, such as CMP arches, three-sided box culverts, and slab
and abutment structures, the “invert” considered in rating is the footings. These footings are
assumed to be made of concrete and suffer from the same deterioration problems as concrete
structures, such as spalling, scaling, and cracking. For more specifics on these deterioration
problems, refer to the Concrete Structural Deterioration section.

Erosion of the streambed over time can expose the footings to water flow and lead to damage
of the footings. Additionally, if the erosion is severe enough, differential settlement of the
structure can occur due to the footings unequal movement from their original positions
resulting from loss of soil support. Damage in the structure is often apparent if differential
settlement has occurred; distress in the walls will occur resulting in an unusual cross section.

Inspectors should note the severity of erosion around the culvert’s footings based on the depth
of the footing that is exposed to water flow, and any damages or settlement that has occurred
as a result of this erosion.
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JOINTS

Key factors to look for in the inspection of joints is if there are openings, the severity of any
openings, misalignment between segments, and indications of soil infiltration and water
exfiltration due to seepage through open joints. Inspectors should record joint defects with
their locations and severity indicated. If the structure is one continuous structure (i.e. not
segmented or bolted at joints), this rating can be skipped. If the joints are held together by
seams, the condition of the seams should be rated in addition to any joint openings.

Joint defects may include:

Open joints

Seepage at the joints
Misalighment of joints

Surface sinkholes over the culvert

P wnNPR

Movement of the structural segments from their original position due to settlement and
erosion can lead to openings to form at the joints between segments, known as open joints.
The vertical offset between pipe segments should be examined to determine severity. Open
joints can seepage to occur through the joints and lead to misalignment between structural
segments if the separation is severe. Excessive seepage through an open joint can lead to soil
infiltration or erosion of the surrounding backfill soil material, reducing lateral support. The
larger the joint opening, the more severely that this is likely that this is to occur. Open joints
may be probed with a small rod or flat rule to check for voids. Misalignment of joints should be
apparent when looking down the culvert from the end. If there are open joints and the
structure appears to be running irregularly, there is likely some misalignment.

Seepage along the outside of the culvert barrel may also remove supporting material. This
process is referred to as “piping”, since a hollow cavity similar to a pipe is often formed. Piping
can also occur through open joints. Piping is controlled by reducing the amount and velocity of
water seeping along the outside of the culvert barrel. Piping at open joints should be
considered in the joint rating as well.
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BLOCKAGE

Scour and upstream streambed degradation can be increased due to inadequate waterway area
caused by blockage. The geometry of the culvert barrel, the amount of debris carried by the
channel during high water periods, and the adequacy of freeboard should be considered in
determining waterway adequacy. Check for the formation of sandbars or debris which could
change the direction of flow or other obstructions which could influence the adequacy of the
waterway opening. Accumulation of drift and debris at the orifice of the culvert should be
noted on the inspection form and included in the condition rating.

Some culverts installed in recent years were intentionally placed below the normal streambed
elevation. This is done to promote the formation of a natural stream bottom through the
culvert barrel and is required in some streams for migratory fish species. The burial of the invert
should be noted in the construction plans on the culvert detail sheets. When inspecting such
culverts, the Culvert Waterway Blockage rating should not be down rated if the culvert was
originally designed with a buried invert.

SCOUR

The removal of a streambed or bank area by stream flow is called scour. If not addressed, scour
can lead to the undermining of footings, headwalls, and culvert end sections through the
continual removal of supporting material. Eventually, serious structural problems such as piping
and the rotation of footings can take place as additional supporting material is removed.
Additionally, scour can affect the culvert’s water conveyance and its ability for aquatic
organisms to pass. The depth of any scouring should be measured with a probing rod by the
inspector. In low flow conditions, scour holes have a tendency to fill up with debris or sediment.
The inspector should also indicate the location and extent of any undercutting around footings,
headwalls, wingwalls, and the end sections of the culvert. Scour holes can eventually cause
cantilevered pipe end sections to detach and collapse or bend down, restricting stream flow.

Culverts supported by footings, such as three-sided box culverts and arches without an invert
slab are considered to be scour critical structures. The inspector should check such structures
for evidence of scour and undermining of the footings. The inspector should also look for any
indication of footing rotation.
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APPENDIX E: INVENTORY ITEMS

Michigan TAMC
MDOT Pilot| Roadsoft ;‘;‘:;r:r'i c;’;‘;?';_';irt
(MGF) Database | 18 meeting)
Inventory
City/Township X
Reference Intersection X X
Reference Distance X
Beneath X
Milepoint X
Inventory ID X X X X
Waterway X
GPS Coordinates X X
Description X
Material Type X X X X
Asset Collection Date X X X X
Date Installed X X X
Number of Culverts X
Shape X X X X
Entrance Structure X X
Exit Structure X X
Skew Angle X X
Length X X X
Span X X X
Rise X X X
Depth of Cover X X X
Height/Diameter X X X X
Width X X X X
Liner X
Liner Material X
Liner Diameter X
Spatial Quality Index X
Road Surface Elevation Upstream X
Road Surface Elevation
Downstream X
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Invert Elevation Upstream X
Invert Elevation Downstream X
Invert Above Channel Bottom X
Riprap (Y/N) X
Safety Grate (Y/N) X
End Extension (Y/N) X
Extension Material Same as
Original (Y/N) X
Extension Shape Same as Original
(Y/N) X
Extension Dimensions Same as
Original (Y/N) X
Wetland Protection Act X
Inland Lakes Act X
Memo X
Scheduled
Maintenance/Inspection Activity X
Surface Type X X X
Collection Type X
Condition Evaluation
Culvert Rating X X X X
invert deterioration X X
joints/seams X X
section deformation X X
corrosion X X
scour X X
blockage X X
Channel Rating X
Waterway Rating X
Maintenance X
Work Order X
Stream Crossing Survey X
Photos/other attachments X
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APPENDIX F: WINDOWS TABLET GPS SETUP

The MobileDemand T1600 tablet, as well as the Trimble T10 tablet, have an internal GPS chip

manufactured by u-blox. The internal GPS on these tablets needs to be configured so that

Roadsoft LDC will communicate with it.

The first thing to do is ensure the correct COM port driver is installed. Automatic Windows 10
updates often update the drivers to the latest version, which can lead to problems. The correct

driver is located on the CTT website at http://ctt.mtu.edu/tamc-culvert-pilot.

Download the Virtual COM Port Driver v2.30 file as highlighted below.

;alogy & Training

Center for

Technology
& Training

& Upcoming Training View

Training TAMC Culvert Pilot

& Past Training
o Training By Request
o Continuing Education Policy

Conferences

¢ County Engineers’ Werkshop

o Michigan Bridge Conference

@ Winter Operations Conference

o Contract Management
Conference

o Highway Maintenance
Conference

@ RUCUS

Project Pages

o Michigan LTAP

« Roadsoft

o MERL

s Bridge Load Rating

o Great Lakes Environmental
Infrastructure Center

TAMC Culvert Pilot Training Webinar Recordings

Wednesday, April 25% - Culvert Inventory Collection Using Roadsoft Recording
http:/ fmtu.adobeconnect.com/poadijiZilhma/

Thursday, April 26' - Culvert Condition Evaluation Recording
http:/ fmtu.adobeconnect.com/pnboGuxmkt0? /

TAMC Culvert Pilot Software

Virtual Com Port Driver v2.30

http:/ fctt.mtu.edu/ sites /default/files/culvertfubloxGnss_vcpDeviceDriver_windows_3264_v2.30.exe
Gp g ﬁnsor Urlver Vz.!b
http:/ fctt.mtu.edu/ sites /default /files /culvert

JubloxGnss_sensorDeviceDriver_windows_3264_v2.30.exe

U-Center GPS Configuration Utility

http: / fctt.mtu.edu/sites/default/filesfculvert/u-center_v8.29.exe
Tablet QuickMenu Utility

QuickMenu

GPS Info Utility
GPS Info
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Check COM Port Driver

1. Right-click the Windows icon in the lower left of the screen, or if using the touch

screen, press and hold the icon until a transparent square appears, then release. The

Apps and Features

Mobility Center

Power Options

Event Viewer

System

Device Manager
Metwork Connections
Disk Management
Computer Management
Windows PowerShell

Windows PowerShell (Admin)

Task Manager
Settings

File Explorer
Search

Run

Shut down or sign out

Desktop

Figure 6 - Windows 10 Start Menu

Windows Start Menu will pop up, select Device Manager from the list.

2. Scroll down and click the arrow to expand Ports (COM & LPT).

Figure 7 - Device Manager Ports

;.‘.- Device Manager
File Action View Help

e @ BmEE

O

x

~ & DESKTOP-3CH2GND

I Audio inputs and outputs
5 Batteries
© Bluetooth
3 Computer
e Disk drives
[ Display adapters
== DVD/CD-ROM drives
i Human Interface Devices
== |DE ATA/ATAPI controllers
§ IEEE 1394 host controllers
Jt Imaging devices
= Keyboards
@ Mice and other pointing devices
& Modems
[ Monitors
I Network adapters
K7 Other devices
E Portable Devices
T Ports (COM &LLPT)
& Communications Port (COMT)

ECP Printer Port (LPT1)
ﬁ u-blox Virtual COM Port (COM8) I

=P
1 Processors

[ 5D host adapters

B Security devices

[3 Sensors

B Software devices

i Sound, video and game controllers
S Storage controllers
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3. Double-click or right-click on u-blox Virtual COM Port (COM# - the number will vary

based on the machine) and select Properties, then select the Driver tab on the

window that appears. Note the driver version that is installed. If the driver is newer
(numerically higher) than 2.30.0.0, it will need to be replaced as newer versions of

the driver lead to issues.

Driver Provider:
Driver Date:
Driver Version:

Digital Signer:
Update Driver

Raoll Bach

Disable Device

Uninstall Device

u-blox Virtual COM Port (COM3) Properties >
General Port Settings  Driver Details Events

~ u-blox Virtual COM Port {COME)

ublox AG
10/25/2016
23000

Microsoft Windows Hardware Compatibility
Publisher

View details about the installed driver files.

Update the driver for this device.

If the device fails after updating the driver, roll
back to the previously installed driver.

Disable the device.

Uninstall the device from the system {Advanced).

OK Cancel

Figure 8- COM Port Settings

4. |If there is a newer version of the driver installed, click the Uninstall button to

uninstall the device. A confirmation window will appear - select the check box next
to the Delete the driver software for this device. Click Uninstall.

Uninstall Device

~ u-blox Virtual COM Port (COME)

Waming: You are about to uninstall this device from your system.

Delete the driver software for this device.

Uninstall Cancel

ped

Figure 9- Uninstall Device Confirmation Screen
5. Browse to the file location for the previously downloaded u-blox Virtual COM port

driver.
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6. Double-click on the ubloxGnss_vcpDeviceDriver_windows_3264_v2.30.exe file,

follow the on-screen prompts to install the driver.

7. Windows may or may not prompt to reboot the tablet. Regardless if prompted or

not, reboot the tablet to ensure the COM port is recognized and functioning

properly.

8. Open the Device Manager again and verify that the COM driver is version 2.30.00,

and take note of the COM port assigned as it might be different than the number
previously assigned, and it will be needed to connect the GPS to Roadsoft LDC.

Configure Internal GPS to work with Roadsoft LDC

Once the correct driver is installed, the internal GPS needs to be configured in order for Roadsoft LDC to

communicate with it. The MobileDemand T1600 tablet has a pre-installed u-center GPS configuration
utility that allows the user to set parameters so Roadsoft LDC can recognize the GPS output. Some

agencies reformat new computers and rebuild them with standardized software. If this applies, or for
those that purchased the Trimble T10 tablet that doesn’t have the u-center utility pre-installed, follow

the steps below to download and install u-center.

If u-center isn’t currently installed, browse to http://ctt.mtu.edu/tamc-culvert-pilot and download

the u-center installation program as highlighted below.

;ology & Training

Center for
’ ‘ Technology
& Training

= Upcoming Training View

o Past Training

o Training By Request

Training TAMC Culvert Pilot

o Continuing Education Policy

Conferences

e County Engineers’ Workshop

o Michigan Bridge Conference

o Winter Operations Conference

o Contract Management
Conference

o Highway Maintenance
Conference

e RUCUS

Project Pages

o Michigan LTAP

o Roadsoft

& MERL

& Bridge Load Rating

o Great Lakes Envirenmental
Infrastructure Center

TAMC Culvert Pilot Training Webinar Recordings

Wednesday, April 25'% - Culvert Inventory Collection Using Roadsoft Recording
http:/ fmtu.adobeconnect.com/pgadiiZilhma/

Thursday, April 26" - Culvert Condition Evaluation Recording
http:/ fmtu.adobeconnect.com/pnboGuxmkt0? /

TAMC Culvert Pilot Software

Virtual Com Port Driver v2.30

http:/ fett.mtu.edu/ sites /default/files /culvert fubloxGnss_vepDeviceDriver_windows_3264_v2.30.exe
GPS Sensor Driver v2.30

http:/ fott.mtu.edu / sites fdefault ffiles fculvert
JubloxGnss_sensorDeviceDriver_windows_3264_v2.30.exe

U-Center GPS Configuration Utility
http: / /ctt.mtu.edu/sites/default/files/culvert/u-center_v8.29.exe

Pt ity

QuickMenu

GPS Info Utility
GPS Info
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1. Browse to the location of the downloaded file, double click on the u-center_v8.29.exe file and

follow the on-screen prompts to install.

2. Once installed, start the u-center application, and either click on the down-arrow button next to
the connect icon on the left-hand side of the bottom icon ribbon, or click on the Receiver pull-
down menu, then click on Ports, then select the COM port that matches the virtual u-blox COM

port that was installed earlier.

& COMS - u-center 3.29

DE@‘

P T T w B A

Disconnect

COomM1
COM3
*  COM3
COom7
Ccoma
COMT

Metwork connection

Ctrl-11

File Edit VYiew Player Receiver Tools

&

Ctrl-0

Ctrl-1
Ctrl-3
Ctrl-5
Ctrl-7
Ctrl-8

Figure 10 - u-center Connect to COM port via the icon
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& COMS - u-center 8.29
File Edit View Player ‘Receiver | Tools Window Help

LEEREIY . e ano ||

B TR s > comn Ctrl-1
' Location AP _ COM3 Ctrl-3
Sensor AP » COMS Ctrl-
Metwork connection > to
COomMa Ctrl-8
MTRIP Server/Caster... COM11 Chrl-11
MTRIP Client...
Metwaork connection ¥
Autobauding
Debug Messages
Generation ¥
Protocol Filter ¥
Action ¥

Differential GMSS Interface...

Epoch detection...

Figure 11 - u-center Connect to COM port via the menu

3. Once connected, the various u-center windows on the right should start to react and
green and blue bars should begin to appear as the GPS communicates with satellites,
etc.

4. Select Configuration View under the View pull-down menu, then scroll down the left-
hand list of options and click on NMEA (NMEA Protocol).

5. Change the various settings to match those that are highlighted below.

6. Once the settings have been changed, hit the Send button in the lower left to send the
settings to the GPS.
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@ COMS - u-center 829 - o ®
File Edit \iew Player Beceiver Jools Window Help

D&~ &[5 P E 2 EBE0EO0-E-E-F-BF SO EEONE8 S8
e-me KL AW I|O[D > -» W Ml R S

[8) Configure - NMEA Protocal =

& xli'g'l_‘.end I,-?ncn @ e L W

U - CFG [Corfig) - MMEA [MMEA Protocol]

|CFG-MMESDATAZ b

Filters

I Pemit pesiton cutpul lor falled arvd invvalid fess GHSS o et ot [~ GPS

I [Permit position outpu liof irvakd fuss ™ sEAS

™ Prermit time output for inrvalid imes W OZss

[ Permit date cutput for rvahd dates W GLOMASS
I ¥ Restict ouput 1o GPS 54 onks I

7 BeD
T Pemit COG outpud even § COG hiozen s

INHEM«'cuion hl
Mumbenng used o SWe I——I
o B o ol suppatted by HMEA, |00t 09t cutpud]
e Main Taker D [1-GP (GFS] =]
Mode Flags
& Coas - GSV Taber 1D [1-Usemain Tabe I +]
¥ Corssider enods Beilion Takes 1D |

™ Strict it 82 chaes max

Ready

u-blax 7 =z COMS 5600 Mo file open NMEA  [00k01:10 14:08:10 | &

Figure 12 - u-center GPS Configuration Settings

In the event that u-center is unable to connect to the GPS, ensure that the GPS is
running. The easiest way to check that it is running is to use the built-in Quick Menu
application on the tablet (T1600 only).
1. Click on the upward pointing arrow in the Windows Taskbar at the lower right-
hand corner of the screen. This will show hidden icons for programs running in
the background.

i Cicoiens

ﬁ“::

Figure 13 - Quickmenu launch icon is in the hidden icons area of the Windows Taskbar
2. Click on the gear icon to open up Quick Menu
3. Ensure that the GPS is running in Quick Menu —the GPS icon in the upper-right
will be blue if the GPS is running, and gray if the GPS isn’t running. If the GPS isn’t
running, click the icon to start it up.
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Figure 14 - Quickmenu Control Screen — if the GPS icon in the upper-right is blue the GPS is running

Connect Roadsoft LDC to GPS

Now that the correct GPS Virtual COM port driver has been installed, and the GPS is configured, it can be
connected to Roadsoft LDC.

1. Within Roadsoft LDC, select the GPS Settings under the GPS pull-down menu.

" Roadsoft Laptop Data Collector v2018.5 [RStoLDC_Ho

File | GPS | Tools Settings Help

u

_/:“_rn . GPS Settings... "

= »  Start/Stop GPS Connection | .

Figure 15 - Roadsoft LDC GPS Settings Location

2.

In the GPS Configuration window that appears, select the COM port for the GPS as mentioned
above.
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[ Gps Setting Form

Settings Map Settings Advanced Settings

Stop Test 8 Seconds

COM: |[COM3
Baud: 4800
Fix: ‘Acquired

Location: |47.1193°N 088.5450°W

Course: ‘D

Speed: ‘MPH: 2.59KM/H:4.16Knots:2.25

Figure 16 - Roadsoft LDC GPS Settings

3. Click the Test Settings button. If this is the first time the GPS has run, it may take a minute to
locate itself, but the form fields at the bottom of the window should begin to fill in as the GPS

gets a location lock.

4. Atthe conclusion of the test, if a signal was received, a confirmation window will appear asking

to use the settings and connect, click Yes.

Fix Acquired
=]

using the tested settings?

o A GPS ik was acquired, Would you like to connect the GPS

Yes Mo

TTEN I

5. Once connected, your location will be indicated on the map.
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a

b

*If a COM port error (shown below) appears in Roadsoft LDC when connecting to the internal
GPS, follow the steps above to ensure that the u-blox Virtual COM Port is using driver version

2.30.00. Also, be sure that u-center isn’t running, as only one program can use the COM port

at one time.

=

a Settings  Map Settings  Advanced Settings
COM: |COMS

Bad: 5600

r

COM Port Exception Ooourmed

faults
v g e
Teat Settnga | |
¥ Reftre:
Mok
b4

TDG.GPS. TdgGpsErception: Could nat open com port -
! System.ArgumentException: The given port name does not
start with COM/com or does not resobe to & valid serial port.

pirn Lino RE Parameter name: portiame

at SystemudD.Ports. Seriaftream..cion{String porthame, Int32
baudRate Parity parity, ind32 dataBits StopBits stopBds, Intl2
readTmecut, nt12 witeTimeout, Mandshake handihake,
Boolean dtrfnable, Boolesn risEnable, Boolesn discardMull

BEyte parityReplace)
Javans Rd at System D, Ports. SerialPort. Openf)
— at TDG.GPE SerialPortHelper. Dpend

«== Endl of inner excepticn stack trace ---

Figure 17 - Roadsoft LDC Potential COM port error
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RATING TABLES

P

SO N Section Joints/ o
CMP Structural Deterioration (Corrosion Closed Bottom Invert Deterioration en Bottom Invert Deterioration ; Condition
( ) 20 Deformation | Seams (FH)
New condition. Galvanizing intadt. No corrosion, New condition; galvanizing intact; no comosion, Mew condition
10 Excellent
Discoloration of surface. Galvanizing partially gone. | Discol of surface, Galvanizing partially gone | Good with no invert erosion
No layers of must. along invert. No layers of rust.
] Very Good
Discoloration of surface. Galvanizing gone along Discol of surface, Galvanizing gone along Good with only minor invert erosion
invert but no layers of s, Minor section loss at ends | invert but no layers of must. Minor section loss &t ends k
8 of pipe not located beneath roadway. of pipe not located beneath roadway, ..m ) Good
—_
E o
salvanizing gone with layers of rust, Moderate salvanizing gone along invert with layers of rust, Minor erosion near footings = m
section loss at ends of pipe not located beneath Moderate section loss at ends of pipe not located m e )
7 roadway. Moderate section loss: Less than 6 in®/fi%, beneath roadway. Moderate section loss: Less than .mld. = mm.—_ﬂ—‘m_wﬂoam
4% of invert area. m m
Heavy rust and scale throughout, Heavy section loss | Heavy rust and scale throughout. Heavy sedion loss | Moderate erosion along footing; protedive measures o &
with perforations not located under the roadway. with perforations in invert not located under the may be required ﬁ — .
6 Heavy section loss: Upto 15 in®/fi2, roadway, Heavy section loss: Up to 10% of invert D [72) Fair
area. =
v —
Extensive heavy rust and scaling throughout, Extensive heavy rust and scaling throughout. Erosion along footing with slight undermining, 1= JO -
Perforations throughout with an area less than 30 Perforations throughout invert with an area lessthan | profection required ..m
5 in?/fi2, Overall thin metal, which allows for an easy 20% of invert area. Overall thin metal, which allows w w Poor
puncture with chipping hammer. for an easy puncture with chipping hammer. w o
Extensive heavy rust and scaling throughout, Extensive heavy rust and scaling throughout. Severe undermining with slight differential o
Perforations throughout with an area less than 36 Perforations throughout invert with an area lessthan | settlement causing minor cracking or spalling in o Q :
4 in?/ne, 25% of invert area footing and minor distress in walls [+) m Serious
=]
5 o
Perforations throughout with an area greater than 36 | Perforations throughout nvert with an area greater Severe undermining with significant differential m r.a.ly.
e . than 25% of invert area. st ent cansing severe cracks in footing and & R -
3 distress in walls Q Critical
(=9
Pipe partially collapsed. Pipe partially collapsed. Structure partially collapsed or collapse is imminent.
2 Imminent
Failure
Total failure of pipe. Total failure of pipe. Total failure of structure.
1 Failed
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CMP Blockage Scour Condition
Mo blodkage. Designed condition. No evidence of scour at cither mlet o outlet of culverL,
10 Excellent
Minor amounts of sediment build-up with no appreciable loss of Minor scour holes developing at inlet or outlet. Scour protection
9 opening. placed. (___@3\ Good
Culvert waterway blockage is less than 5% of the cross sectional Minor scour holes developing at inlet or outlet. Top of footings is
8 area of the opening. Bank and channel have minor amounts of drift. | exposed. Probing indicates soft material in scour hole. Good
Culvert waterway blockage is less than 10% of the cross sectional Minor scour holes, 1 foot or less deep, developing at inlet or outlet,
area of the opening. Sediment buildup causing flow through 1 of 2 | Footings along the side are exposed less than 6 inches. Damage to
7 pipes. Silt and Gravel buildup restricts half of the channel. Tree or | scour counter measures. Probing indicates soft material in scour Satisfactory
bush growing in the channel. Fence placed at inlet or outlet. Rock hole.
dams in culvent.
Culvert waterway blockage is less than 30% of the cross sectional Minor scour holes, 2 feet or less deep, developing at inlet or outlet.
area of the opening. Tree or bush growing in channel. Fence placed | Footings along the side are exposed less than 12 inches. Damage to 3
6 at inlet or outlet. Rock dams in culvert. seour counter measures, Probing indicates coft material in scour Fair
hole.
Culvert waterway blockage is less than 40% of the cross sectional Sigmificant scour holes, 3 feet or less deep, developing at inlet or
area of the opening. O 1onal pping of roadway. Large outlet. Does not appear to be undermining cutoff walls or headwalls,
5 deposits of debris are in the waterway. Bottom of footing is exposed. Major stream erosion behind Poor
headwall that threatens to undermine culvert.
Culvert waterway blockage is less than 80% of the cross sectional Major scour holes, 3 feet or deeper, at inlet or outlet undermining
area of the opening. Overtopping of roadway with significant raffic | cutoff walls or headwalls, Footing is undermined. i
4 delays. Serious
Culvert waterway blockage is 80% or greater of the cross sectional | Streambed degradation causing severe settlement.
area of the opening. Frequent overtopping of roadway with .
3 significant traffic delays. Critical
Culvert waterway completely blocked and causing water to pool. Culvert closed because of channel failure.
Road closed because of channel failure. Imminent
2 :
Failure
Total failure of pipe. Total failure of culvert because of channel failure.
1 Failed
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CONCRETE PIPE

Concrete : - . -
Pipe Structural Deterioration Invert Deterioration® u..whn_."_.w.wo: Joints/Seams Condition
New Condition. Superficial and isolated damage from construction. New condition Straight line between sections.
10 Excellent
=
g
Hairline cracking without nust staining or delamination(s). Surface in good Good with no invert erosion h— Mo settlement or misalignment. Tight with no defects
condition. m apparent,
9 Very Good
o
3
Good with enly minor invert erosion b= Mimnor misalignment at joints. Minor settlement. Distress
Pl to pipe material adjacent to joint.
8 area, - Less than 1%6 of surface area. Note: cast-in- (=] Good
place box culverts may a single large crack less than 3/16th inch on each =
surface parallel traffic direction =
Hairline and map cracking; less than 1/8th inch para raffic with Minor erosion near footings m
minor effforescence o minor amounts of leakage. Scali an 1/4th inch m
7 deep or 2006 of exposed area. Spalled areas with exposed reinforcing: Less than - mm#_w*m.ﬂ.—oq
5% Total delaminated and spalled areas less than 5% of surface arca. m
Map cracking with hairline cracks less than 1/8th inch paralle] to traffic or less Moderate erosion along footing, protective measures may m
than 1/16th inch transverse to traffic with efflorescence, or rust stains, or leakage | be required [t or buckling of pipe material.
6 or all Scaling 3/16th inch deep on less than 30% of surface area. Spalled areas [75) offset less than 3 inches. End sections dislocated and Fair
with exposed reinforcing on less than 1026 of surface area. Total delaminated and w about to drop off from main portion of the structure.
spalled areas less than 1 5% of surface area. <m.. Infiltration staining apparent.
Transverse cracks open greater than 1/8th inch with efflorescence and rust Erosion along footing with slight indermining, protection o, Differential movement and separation of joints,
staining. Spalling at numerous locations, Extensive surface scaling on invert redquired — Significant infiltration or exfiltration at joints, Joint
5 greater than 1/2 inch. Extensive cracking with cracks open more than 1/8th inch .m offzet less than 4 inches. Voids seen in fill through P
with efflorescence. Spalling has caused exposure of heavily comroded reinforcing o offzet joints. End sections dropped off at inlet. oor
steel on bottom or top of slab. Extensive surface scaling on invert greater than —_—
3/4th mch or approsamately 50% of culvert invert m
Extensive cracking with spalling, delaminations, and slight differential Severe with slight di =1 Significant openings, Dislocated joints at several
Sealing has exposed all surfaces of the reinforcing steel in bottom and tep slab or | cansing minor eracking or spalling in fooding and minor - lecations exposing fill material with joint offsets greater
4 invert with approximately 5026 loss of wall thickness at invert. Concrete very sofl. | distress in walls .- than 4 inches. Infiltration or exfiliration causing mﬁlor_m
.g mizalignment of pipe and settl t or depressions in
D.M roadway . Large voids seen in rough offaet joints.
Full depth holes. Extensive cracking greater than 1/2 inch. Spalled arcas with Severe undermining with significant differential o Culvert not functioning due te alj P
exposed reinforcing greater than 25%. Over 509 of the surface area i seftlement causing severe cracks in footing and distress in L] throughout. Large voids seen in fill through offset joints.
3 delaminated, spalled, or punky. Rei ing steel bars have section loss | walls m Critical
and bar perimeter is completely exposed. [
o
Culvert partially collapsed or collapse is imminent. Structure partially collapsed or collapse is imminent. m.. Pipe partially collapsed or collapse is imminent.
2 o Imminent
< Failure
a—
The culvert is collapsed. Total failure of structure. m Total failure of pipe.
1 Failed

* For open bottom structures, rate footing condition. If concrete invert present, rate invert based upon Concrete Structural Deterioration.
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noh_ﬂ_,ow__n Blockage Scour Condition
Mo blockage. Designed condition. Mo evidence of scour at either inlet or outlet of culvert.
10 Excellent
Minor amounts of sediment build-up with no appreciable loss of Minor scour holes developing at inlet or outlet. Scour protection
opening. placed.
9 Very Good
Culvert waterway blockage is less than 5% of the cross sectional Minor scour holes developing at inlet or outlet. Top of footings is
8 area of the opening. Bank and channel have minor amounts of drift. | exposed. Probing indicates soft material in scour hole. Good
Culvert waterway blockage is less than 10%4 of the cross sectional Minor scour holes, 1 foot or less deep, developing at inlet or outlet.
area of the opening. Sediment buildup causing flow through 1 of 2 Footings along the side are exposed less than 6 inches. Damage to
7 pipes. Silt and Gravel buildup restricts half of the channel. Tree or scour counter measures. Probing indicates soft material in scour wm:mﬁmn—oq
bush growing in the channel. Fence placed at inlet or outlet. Rock hole.
dams in culvert,
Culvert waterway blockage is less than 3094 of the cross sectional Minor scour holes, 2 fect or less deep, developing at inlet or outlet.
area of the opening. Tree or bush growing in channel. Fence placed | Footings along the side are exposed less than 12 inches. Damage to .
6 b inlet or outlet. Rodk dams in culvert. scour counter measures. Probing indicates soft material in scour Fair
hole.
Culvert waterway blockage is less than 40%a of the cross sectional Significant scour holes, 3 feet or less deep, developing at inlet or
area of the opening. Oceasional overtopping of roadway. Large outlet, Does not appear to be undermining cutoff walls or headwalls.
5 deposits of debris are in the waterway. Bottom of footing is exposed. Major stream erosion behind Poor
headwall that threatens to undermine culvert,
Culvert waterway blockage is less than 20% of the cross sectional Major scour holes, 3 feet or deeper, at inlet or outlet undermining
area of the opening, O pping of y with signifi raffic | cutoff walls or headwalls. Footing is undermined. .
4 delays. Serious
Culvert waterway blockage is 80% or greater of the cross sectional | Streambed degradation causing severe settlement.
arca of the opening. Frequent overtopping of roadway with e
3 significant traffic delays. Critical
Culvert waterway completely blodked and causing waler to pool. Culvert closed becanse of channel failure,
2 Road closed because of channel failure. Imminent
Failure
Total failure of pipe. Total failure of culvert because of channel failure.
1 Failed
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PLASTIC PIPE

| . . . : ;
ﬂhwun Structural Deterioration Invert Deterioration* Section Deformation Joints/Seams Condition
New Condition. New Condition. Smooth wall Span dimension up to 2% greater than Straight line between sections.
design.
10 Excellent
Isolated rip or tear less than or equal to 6 inches Mmor discoloration at isolated locations. Smooth wall Span dimension up to 5% greater than No settlement or misalignment. Tight with no defects
caused by floating debris or construction. Minor design. apparent.
9 discoloration at isolated locations. Very Good
Split less than or equal to 6 inches but not open more | Perforations caused by abrasion located within 5 feet | Relatively smooth wall. Span dimension up to 7.5% Minor misalignment at joints. Minor settlement.
than 1/4th inch at two or three locations. Damage due | of cutlet and not located under roadway. greater than design. Distress to pipe material adjacent to joint.
8 o cuts, gouges, or distortion al end sections from Good
construction or maintenance.
Split less than 6 inches with width not to exceed ¥ Perforations caused by abrasion located within 5 feet | Minor dimpling appearing at an isolated small area: Misalignment of joints but no infiliration. Seitlement.
inch at two or three locations. Damage due to cuts, of inlet and outlet and not located under roadway. Leszs than 1/16th of circumference area and 1 foot in | Dislocated end section. Extensive areas of shallow
7 gouges, bumt edges, or distortion at end sections length. Dimpling less than 1/4 inch deep. Span deterioration. Minor cracking. Satisfactory
from construction or maintenance. dimension up to 107 greater than design.
Split less than 6 inches with width exceeding ‘5 inch | Perforations caused by abrasion located with 5 feet of | Minor dimpling appearing over YV to Y of Joint open and allowing backfill to infiltrate.
al two or three locations. Damage due Lo cuts, inlet and cutlet and net located under roadway. circumference area and 2 feet in length. Dimples Significant cracking or buckling of pipe material.
[+] gouges, or distortion to end sections from between Y4 and ¥ inch deep. Pipe deflection less than | Joint offset less than 3 inches, End sections dislocated Fair
construction of maintenance. 12.5% from original shape. and about to drop off from main portion of the
Split less than 6 inches with width exceeding % inch | Perforations caused by abrasion located throughout ‘Wall Crushing or hinging occurring with lengths less | Differential movement and separation of |
at several locations, Splits causing loses of backfill pipe. than 3 feet. Pipe deflection less than 159 from igni infiltration or exfiltration at joints
5 material. original shape, offset less than 4 inches, Voids seen in Poor
offeet joints. End sections dropped off at inlet.
Split less than 6 inches with width exceeding 1 inch Section loses caused by abrasion located throughout ‘Wall Crushing or hinging occurring with lengths Significant openings. Dislocated joints at several
al several locations, Splits causing loss of backfill pipe. greater than 3 feet. Moderate degree of dimpling locations exposing fill material with joint offsets
material. appearing. Dimples more than ¥ inch deep. Wall greater than 4 inches. Infiltration or exfiltration
4 tearing or cracking in the buckled region. Pipe causing misali of pipe and or Serious
deflection less than 2096 from original shape. depressions in roadway. Large voids seen in fill
through offset joints,
Split larger than & inches with width exceeding 1 inch | Section loss caused by abrasion located throughout Wall Crushing or hinging occurring over the majonity | Culvert not fi due to ali probl
ons, Splits causing loss of backfill pipe with at least a 2 foot in length by 3 foot in width | of the length of pipe under the roadway. Moderate throughout. Large voids seen in fill through offset
invert section eroded away. degree of dimpling appearing. Dimples more than %% | joints.
3 inch deep. Wall tearing or cracking in the buckled Critical
region, Pipe deflection greater than 2096 from
original shape. Severe dimpling accompanied with
wall splits.
Pipe partially collapsed or collapse is imminent. Pipe partially collapsed or collapse is imminent. Pipe partially collapsed or collapse is imminent. Pipe partially collapsed or collapse is imminent. .
2 Imminent
Failure
Total failure of pipe. Todtal failure of pipe. Total failure of pipe. Total failure of pipe.
1 Failed

* For open bottom dructures, rate fooling condition. If concrete invert present, rate invert based upon Concrete Structural Deterioration.
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Plastic e
: Blockage Scour Condition
Pipe
Mo blockage. Designed condition. Mo evidence of scour at either inlet or outlet of culvert. d
10 Excellent
Minor amounts of sediment build-up with no appreciable loss of Minor scour holes developing at inlet or outlet. Scour protection
opening. placed.
9 Very Good
Culvert waterway blockage is less than 5% of the cross sectional Minor scour holes developing at inlet or outlet. Top of footings is
area of the opening. Bank and channel have minor of drift. d. Probing indi soft material in scour hole.
8 v Good
Culvert waterway blockage is less than 1096 of the cross sectional Minor scour holes, 1 foot or less deep, developing at inlet or outlet.
area of the opening. Sediment buildup causing flow through 1 of 2 Footings along the side are exposed less than 6 inches. Damage to
7 pipes. Silt and Gravel buildup restricts half of the channel. Tree or scour counter measures. Probing indicates soft material in scour WM_zm__‘mn__OQ
bush growing in the channel. Fence placed at inlet or outlet. Rock haole.
dams in culvert,
Culvert waterway blockage is less than 30%% of the cross sectional Minor scour holes, 2 feet or less decp, developing at inlet or outlet.
area of the opening. Tree or bush growing in channel. Fence placed | Footings along the side are exposed less than 12 inches. Damage to . I
6 at inlet or outlet. Rock dams in culvert, scour counter measures. Probing indicates soft material in scour Fair
haole.
Culvert waterway blockage is less than 40%% of the cross sectional Significant scour holes, 3 feet or less deep, developing at inlet or
area of the opening. Occasional overtopping of roadway. Large outlet. Does not appear to be undermining cutoff walls or headwalls.
5 deposits of debris are in the waterway. Bottom of footing is exposed. Major stream erosion behind Poor
headwall that threatens to undermine culvert.
Culvert waterway blockage is less than 80% of the aross sectional Major scour holes, 3 feet or deeper, at inlet or outlet undermining
area of the opening. Overtopping of roadway with significant raffic | cutoff walls or headwalls. Footing is undermined. »
4 delays. Serious
Culvert waterway blockage is 80% or greater of the cross sectional d degradation causing severe seitlement, I
area of the opening. Frequent overtopping of roadway with .
3 significant traffic delays. Critical
Culvert waterway completely blocked and causing water to pool, Culvert closed because of channel failure, d
2 Road closed because of channel failure. Imminent
Failure
Total failure of pipe. Total failure of culvert because of charnel failure.
1 Failed
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MASONRY

Section

Masonry Structural Deterioration Invert Deterioration™ Daformation Joints/Seams Condition
Mew Condition Mew condition Straight line between sections.
10 Excellent
=1
.2
No cracking. No missing or dislocated masonry, Good with no invert erosion m No settlement or misalignment. Tight with no defects apparent.
Surface in great condition. =
9 = Very Good
=]
ks
Surface deterioration at isolated locations. Good with only minor invert erosion - Minor misalignment at joints. Minor settlement. Distress to pipe material adjacent to
i Joint, Shallow mortar deterioration at isolated locations.
8 L Good
=
Minor cracking in masonry units Minor erosion near footings 4.__.lv Misalignment of joints but no infiltration. Settlement. Dislocated end section,
m Extensive areas of shallow deterioration. Missing mortar at isolated locations. Minor g
7 b cracking. Satisfactory
=
Minor cracking. Slight dislocation of masonry Moderate erosion along footing; protective
Large arcas of surface scaling. Split or cracked measures may be required m ;
6 stones, about to drop off from main portion of the structure. Mortar generally deteriorated. Fair
[72] F I & Y
m Loose or missing mortar at isolated locations. Infiltration daining apparent.
Extensive cracking. Significant dislocation of Erosion along footing with slight undemnmining, .m... Differential and sef of joints. Signifi infiltration or exfiltration
masonry units, Large areas of surface scaling. Sphit | protection required .m joints. Joint offset less than 4 inches. Voids seen I through offset joints. End
5 or cracked stones. = s dropped off at inlet. Mortar severely deteriorated. Significant loss of mortar. Poor
o Significant infiltration or exfiltration between masonry units.
b1
Severe cracking with spalling. Delamination(s). Severe undermining with slight differential = Significant openings. Dislocated joints at several locations exposing fill material
Slight differential movement. Individual lower settlement causing minor aracking or spalling in m with joint offsets greater than 4 inches. Infiltration or exfiltration causing )
4 masonry units of drudure missing or crushed. footing and minor didress in walls =1 misalignment of pipe and settlement or depressions in roadway. Large voids seen in Serious
.m__b fill through offset joints. Extensive areas of missing mortar for masonry structures.
- —
Cracking very severe with significant spalling, Severe undermining with significant differential R Culvert not functioning due to alignment problems throughout. Large voids seen in
delamination, and differential movement seitlement causing severe cracks in footing and . hrough offset joints.
3 masonry units in lower part of structure missing or | distress in walls L Critical
crushed. Individual masonry units in top of culvert ..w
missing or crushed. IS}
.-
Structure partially collapsed or collapse is Structure partially collapsed or collapse is .|U... Pipe partially collapsed or collapse is
2 imminent. imminent. =% Imminent
< Failure
—
Total failure of structure. Total failure of structure. m Total failure of pipe.
1 Failed

* For open bottom structures, rate footing condition. If concrete invert present, rate invert based upon Concrete Structural Deterioration.
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Masonry Blockage Scour Condition
Mo blockage. Designed condition. Mo evidence of scour at either inlet or outlet of culvert.
10 Excellent
Minor amounts of sediment build-up with no appreciable loss of Minor scour holes developing at inlet or outlet. Scour protection
apening. placed.
9 Very Good
Culvert waterway blockage is less than 5% of the cross sectional Minor scour holes developing at inlet or outlet. Top of footings is
area of the opening. Bank and channel have minor ts of drift. posed. Probing indicates soft material in scour hole.
8 Good
Culvert waterway blockage is less than 1096 of the cross sectional Minor scour holes, 1 foot or less deep, developing at inlet or outlet.
area of the opening. Sediment buildup causing flow through 1 of 2 Footings along the side are exposed less than & inches. Damage to
7 pipes. Silt and Gravel buildup restricts half of the channel. Tree or scour counter measures. Probing indicates soft material in scour MQ_:w-.mn__cJ___
bush growing in the channel. Fence placed at inlet or outlet. Rock hole.
dams in culvert,
Culvert waterway blockage is less than 3094 of the cross sectional Minor scour holes, 2 feet or less deep, developing at inlet or outlet.
arca of the opening. Tree or bush growing in channel. Fence placed | Footings along the side are exposed less than 12 inches. Damage to .
6 at inlet or outlet. Rock dams in culvert, scour counter measures. Probing indicates soft material in scour Fair
hole.
Culvert waterway blockage is less than 40%% of the cross sectional Significant scour holes, 3 feet or less deep, developing at inlet or
area of the opening. Occasional overtopping of roadway. Large outlet, Does not appear to be undermining cutoff walls or headwalls,
5 deposits of debris are in the waterway. Bottom of footing is exposed, Major stream erosion behind Poor
headwall that threatens to undermine culvert,
Culvert waterway blockage is less than 80% of the aross sectional Major scour holes, 3 feet or deeper, at inlet or outlet undermining
area of the opening. Overtopping of roadway with significant traffic | cutoff walls or headwalls. Footing is undermined. :
4 delays. Serious
Culvert waterway blockage is 80% or greater of the cross sectional | Streambed degradation causing severe settlement.
area of the opening. Frequent overtopping of roadway with o
3 significant traffic delays. Critical
Culvert waterway completely blocked and causing water to pool, Culvert closed because of channel failure,
5 Road closed because of channel failure, Imminent
Failure
Total failure of pipe. Total failure of culvert because of channel failure,
1 Failed
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SLAB & ABUTMENT

Slab/
m“—hﬂl_._.ﬂ_-hn Structural Deterioration Invert Deterioration* Concrete Abutment Masonry Abutment Condition
Mo signs of distress, No discoloration. New condition No zigns of distress, No discolortion. Mo signs of distress. Minor spalling of
10 stone surface. Excellent

Minor scaling bess than ' inch deep over 5% of deck aurface. Hairline
cracking without rust staining or delam mation. No dampress, Mo leakage.
No spallmg. Isolated damage from ¢ i

Good with no invert erosion

Miner scaling less than % inch deep aver 5% of concrete surface.
Hairline cracking. No rust staining, delamination(s}), dumpness, leakage,
or spalling. Minor construction damage.

Minor spalling of one surface.
Scaling of stone surface less thn 14
mch.

Very Good

Hairline cracking with no single crack greater then i inch parallel to the
direction of traffic. Light scaling less than % inch deep on less than 10% of
exposed area. Delaminated or spalled area less than 1% of surface area but

Good with enly minor invert erosion

Hairline cracking. No single crack greater than /s inch, Mo rust
staming. Light scaling le=s than % inch decp on less than 10% of
exposed aren. Delaminated md spalled area less than 1% of surface

Diagonal or vertical shear erack in
izolated stones. Fracture of stone
surface less than 2 inches.

8 not mcluding the first 12 inches of the outside shb edges. Isolated dumage wren. Good
from construction or vehicle impadt. Slab may have a single lage aack less
than /14 inch on bottom surface parallel to the direction of iraffic,
Transverse cracks evident on bottom side: Spaced 10%20° with or without Minor erosion near footings Hairline map cracking combined with molted areas. Horizontal and Diagonal or vertical shear cracks
wader leaking through cracks. Some spalling may be present on 1% - 10%% diagonal cracks less than ' inch with minor efflorescence or minor through several courses of stone with
of total deck area. Spalled areas with exposed reinforcing on less than 5% amounts of leakage. Scaling less than %4 inch deep on less than 20% of some minor displacement. Spalls
7 of slab area Hairline map cracking combined with molted areas. Cracks slab area. Spalled areas with exposed reinforcing on less than 5% of slab | along edge of seat arca. Satisfacto
less than 4 inch paralle] to traffic with minor efflorescence or minor area. Delaminated and spalled area less than 10%% of surface area. Minor I 2
amounts of leakage. Scaling, less than ' inch deep, on less than 200 of differential settlement.
slab area. Additional delaminated and spalled arcas on less than 10% of
surface area: Exclude the first 12 inches of the outside slab edges
Map cracking. Cracks less than 4 mch paralle] to traffic and cracks less Moderate erosion along footing; Map cracking. Horizontal cracks less than ' inch. Diagonal cracks less Diagonal or vertical shear cracks
thoa s tach to traffic with ff) or rust stain, leskoge | protective mensures may be required | than s fnch with efflorescence or rast stain or kakege, ormolled areas | through several courses of stone with
and molted areas. Scaling, less than 3/16th inch deep, on less than 30% of arall. Sealing less than *hs inch deep on less than 30% of exposed area. | displacement, Displacement may be i
6 exposed area. Spalled areas with exposed reinforcing bess than 10%. Total Spalled areas with less than 10% showing exposed reinforcing. Total bulge or leming stones. Total Fair
delaminated and spalled areas less than 20% of surface area excluding the delaminaed mnd spalled arens on less than 20% of surface area. displacement is less than %4 of stone
first 12 inches of the outside slab edges. d LifFe il or tonal 1 depth,
Steel plates covering full depth holes Map cracking with dark damp areas Erosion along footing with slight Map cracking with dark or damp areas, efflorescence, and unsound Settlement causing diagonal or
and effloresces over at least 30% of deck bottom. Several crucks lermining, p iom required concrete over 30% of abutment face. Several horizental and diagonal vertical shear eracks through several
open more than % inch with efflorescence and rust staining. Spalling at cracks open more than Y% inch with efflorescence and st staining. courses of stone with displacement.
5 numerous locations. Extensive surface scaling greater than ' inch deep. Spalling at numerous locations, Extensive surface scaling greater than ' | Total displacement is less than % of Poor
Reil ing steel bars have ive section loss: 4 or more adjacent bars inch deep. Total delaminated and spalled areas on less than 25% of stone depth. Large fractures or erosion
with more than 10% of original diameter lost. Total delam mated and surface area. Beinforcing steel bars have extensive section losses greater | of stone surfaces less than 5 mches on
spalled areas greater than 25% of surface area excluding the first 12 inches than 10% of original diam «ter for more than 4 adjacent bars, Severe adjacent stones. Spalls on beam seats
of the outside slab edges. differential or rotational settlement. cmise reduced bearing area.
Refer to (he thove raling except remiorcing see] bars have T Severe undermining wilh sUhT Map cracking with dack or damp areas and eBloresces over o Jeast 40% | Lauge unsound reis, Several siones
section loss: Greater than 20% of original dinmeter for more than 5 adjacent | differential settlement causing minor | of sbutment face. Several transverse cracks open more than ¥4 inch with | wre displaced or missing.
bars, cracking or spalling in footing and efflorescence and rust daining. Spalling af numerous locations, Misalignment of mortar jomnts. Lange
4 minor distress in walls Extensive surface sealing greater than 1 inch. Total delam mated and fractures or erosion of stone surfaces Serious
spalled areas over more than 28% of surface aren. Reinforcing seel bars | greater than 5 inches. Spalls on beam
have extensive section losses greater than 20% of original dismeter for seals cansing reduced bearing area
more than § adjacent bars. Severe differential or rofational settlement.
Full depth holes, Total delam inated, spalled, map eracking, and punky Severe undermining with significant | Cracking and white efflorescence. Total delaminated, spalled, map MNumerous missing or displaced
concrete areas mre greater than 0% of surface area. Reinforcing steel bars iffe i 1 cmusing severe | cracking, and unsound concrete areas on over 50% of surface aren stones. Displacements greater than 13 .
) have exteasive section loss: Greater than 30% of original dismeter formore | cracks in footing and distress in Reinforcing steel bers have ive section losses greater than 30% of | of stone depth, Partially collapsed Critical
than 10 adjacent bars. Additional dark snd damp areas over at least 50% of | walls original diameter for more than 10 adjacent bars. Extreme differential or | wingwall
deck. rotational seftlement,
E patially collopsed or collapse 1 & B partially collspsed oF collapse 18 & Pipe partially collapsed or collapse 15 5
2 imminent. Imminent
Failure
Total failure of structure, Total failure of structure, Total failure of pipe.
1 Failed
* For open bottom sructures, rate fooling condition. If concrete invert present, rate invert based upon Concrete Structural Deterioration. r
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Superstructure Blockage Scour Condition
& Abutment
Mo blockage. Designed condition. Mo evidence of scour at either inlet or outlet of culvert.
10 Excellent
Minor amounts of sediment build-up with no appreciable loss of Minor scour holes developing at inlet or outlet. Scour protection
opening. placed.
9 Very Good
Culvert waterway blockage is less than 5% of the cross sectional Minor scour holes developing at inlet or outlet. Top of footings is
area of the opening. Bank and channel have minor ts of drift. xposed. Probing indi soft material in scour hole.
8 Good
Culvert waterway blockage is less than 10% of the cross sectional Minor scour holes, 1 foot or less deep, developing at inlet or outlet.
area of the opening. Sediment buildup causing flow through 1 of 2 | Footings along the side are exposed less than 6 inches. Damage to
7 pipes. Silt and Gravel buildup restricts half of the channel. Tree or scour counter measures. Probing indicates soft material in scour Sat WEQOQ
bush growing in the channel. Fence placed at inlet or outlet. Rodk hole.
dams in culvert.
Culvert waterway blockage 1= less than 30% of the cross sectional Miner seour holes, 2 feet or less deep, developing at inlet or outlet.
area of the opening. Tree or bush growing in channel. Fence placed | Footings along the side are exposed less than 12 inches. Damage to ;
6 at inlet or outlet. Rock dams in culvert. seour counter measures, Probing indicates soft matenial in scour Fair
hole.
Culvert waterway blockage is less than 40% of the cross sectional Significant scour holes, 3 feet or less deep, developing at mlet or
area of the opening. O ional pping of roadway. Large outlet. Does not appear to be undermining cutoff walls or headwalls,
5 deposits of debris are in the waterway. Bottom of footing is exposed. Major stream erosion behind Poor
headwall that threatens to undermine culvent,
Culvert waterway blockage 15 less than 80% of the cross sectional Major scour holes, 3 feet or deeper, at inlet or outlet undermining
area of the opening. Overtopping of roadway with significant traffic | cutoff walls or headwalls. Footing is undermined R
4 delays. Serious
Culvert waterway blockage is 0% or greater of the cross sectional | Streambed degradation causing severe setil
area of the opening. Frequent overtopping of roadway with .
3 significant traffic delays. Critical
Culvert waterway completely blocked and causing water to pool. Culvert closed because of channel failure.
5 Road closed because of channel failure. Imminent
Failure
Total failure of pipe. Total failure of culvert because of channel failure.
1 Failed

Michigan

Transportation Asset I

Management Council

—

Lo

Tochneiogy & Trainiag

INJWNLNGV ® VIS

Appendix G: Michigan Local Agency Culvert Inventory and Evaluation Pilot

150



CMP SECTION DEFORMATION

RoundVertical/ Pipe Arch Plate Arch Box Low Profile Long High Profile Long Pear” Horizontal Ellipse*
cMP Elongated Pipes Span* Span®
Section = e Condition
Deformation 1 3 .@-
k) o S — s
— — —
10 Hew Condition Hew Condilion Hew Condiion Hew Condition Hew Condicn Hew Condilion Hew Condiion Hew Conditin Excellent
Qood, smooth aurvatire | Good with sodth Good, smocth Tood soth Good app smockh Good appearmice, smocth Good app . smecth Good app , S
imbarrel Horizontal cusvaturd in barrel symmerical curvalure curvatire Top wemid-rdmate: withm 11 Tep ¢ curvature Top an: curvature Top Femud-ardmate. within curvature Top are mad-ordmate. withm
dumeter (zpan) Horzonts! span Rage within +/- 3 percent | percent of enginal design Honeontal pan med-cedinate within 11 pereent | med-crdinate withm 11 percent of | 11 percent of crpnal design. Honzontal | 11 percent of ongenal design
9 demenzion wehm 10% of | dimension lessthan 3% | of copnal design withe § pereent of crigmal detipn Sides of canginal design. Horgontal ceiginl design. Henzontal panc | span: wnithun 5 percant of ariginal detgn. | Heeizoatal man within 5 percent of Very Good
orgmal demgn greater than onginal straight leg very slightly deflecled inward or | span: within & percent of withn & percet of crsgmal Sude plates: smocth curvabure original design. Bottom arc amooth
design caitward snd curvatire smeoth ongiral design desgn curvalire, mad-crdmate within 50
pereent of crigmal design.
Generally good, top half | Genenally good, amocth | Generally good with Generally good, aurvature 15 amooth and Generally good, curvabure 13 Geneally good, curvature 15 Gmenally good, curvature 15 snocth and | Generally good, curvature i smocth
of pipe smocthbut minor | curvature in top half, smwoth urvahure, symmetrical Top arc mad-ordinate: within 11 | smocth and symmetnical Top smocth snd symenetrical Top are | symmetnical. Top arc mid-ordinate. and symemetricat Top anc mid-ordinate:
Aottening of bottom. flattened bt still symmetrical, slight percent to 135 percent of origmnal design. are mid-ordmate: within 11 mid-ordinate: within 11 percent to | within 11 percent to 15 pecent of withem 11 percent to 13 percent of
8 Horizontal diameter ourved Horizontalspan | fhattening of top or sides | Sides n-u_u_:a lightly deflected mward percent to 13 percent of onginal | 13 pencent of original design original design Honzontal span: withn original design Hormontal span: withn Good
(rpan) dimension within within 3 to § parcant m ico. Risa or ly deflacted cutward, curvature deign Horizoodal span: within | Heruzenbal span: withn & parcent | § parcent of orspinal desipn. Sida plates 5 parcent of onpginsl design Bottomn
1084 of origmal desgn greater than design smEuSavndB—cm ameooth 5 percent of onginal design of crigmal design sode Mattened, mud-crdinabe less than 50 | arc: botbom atened, mod-crdimabe bess
onginal n arcent of origmal desi than 50
“uiT, top | Fair, smth curvatone | Fa, cuTvae CEVARINe, S1ape 13 0N FATEErCH CUrTATEY, TiBpe 15 ROn- aEvabam, dupe 13 Aon- aEvatam, dipe 1z non- curvatze, hipe i3 non-
i atinebut bettom half ntop half, bettom B2 | but nen-symrmetncal, Tep arc mid-ordmnate wihn 15peremtof | symmetricsl Top are mid- symmetnical Top are mid- symmetncal Tep ar: mid-crdmate symmetneal. Top are mud.ccdinate
has flattened Horizontal span stight flattening of top eriginal design Honizontal span morethan ordmate: within 13 percent of ordinmte: within 15 peromt of within 15 percent of criginal design. within 15 parcent of crigimal design. ~
T sgnificantly Hedzontal | péroent grester than and nides throughout -5 percent of design. Sides. drkight leg cnginal design Honzorkal span. | eviginal design Homizontal an. | Horizental span more than - 5 pereert | Honzontal span. mors Bian +- 5 Satisfactory
daemter (zpan) crigmal design Kige wihm 4o 5 erederately deflected mward or extremely mre than +- 5 percert of rcee than +- 5 peroent of demgn. | of design. Sude plates: nide flattened, percent of design. Bettorn arc: botlom
dumenacn withm 1086 of peroent of origmal deflected cutmed, curvaturs snocth desgn mad-crdimate ezt than 35 percert of faitened and mrogailer, mad-ordinate
orgmol despr design aciginal design liess thaen SO pacent of capinal design
Genemally faur, sigrafcart | Generally far, Genverally fair, sigrabioant | Generally [air, sigraficart ditortion md Tenmally far, grubicart Temverally T, sugabioark Oenerally far, signbicant Gidorion and | Cenerally fair, significant detertien
dustortion at isolated sigmficant diderion m | distertion nd deflection | deflection m ane sectson, hall top of arce digtertion snd deflecion isene | distestron and deflection o one deflection is ene Rnss.s»:_nu ofares »inn_uﬁ.oauam sedtice, half top of
locations m bop halland | top in onelocation, m one sedicey, Sides Begmning to Hatten, mud-crdinate of halftop | section, half top af arcs section; half top of Miattery, rrad -ordunate of half 1 o flatten, rrod -ordinate
axtreme Nateng of the | boltern has shght beginning bo flatten, non | e 30 percent Less than criginal design Top | beginnung b flattery, med- to Battem, mud-ordinate of Ralftop | Lop are 30 percent Jess than covgimal a-_n_ﬁ__»ﬂ 30 peroent less thin
8 urvert. Honzontal reverse curvabure moone | symmetrical. Rase within | are mid-ordinate: wthin 1510 20percmt of | ordmate of half bop an: 30 asc 30 pertent les than ongieal | desgn Top art mad-crdinate: withen 15 | coinal design. Top are mid <odunate Fair
danmeter (zpan) Socation. Horizontal 5to7 percent of original | original design. Honizontsl span moee than percent less than original demgn. | demgn Top arc mid-ordinate: to 20 percent of oniginal design. within 15 bo 20 percent of oniginal
dimenzion 109 o 1586 span: within % to 7 design. /. 5 parcent of original denign. Sides: Top arcmid-ordmate within 15 | withmn 13 to 20 pancent of oniginal | Horizontal span: more than +- 5 percant | design Horizontal span: mere than +
n.ﬂzn than ongnal pereant praster than straipht lag bowrad mward sigrificartly oe to 20 parcent of origmal design desipn Horizontal span more of eriginal design Sideplates: side & parcent of criginal design. Boltoen
detign erigmal design annﬂsk%vox& cuatward for destance of Honzontal span: o than /. 5 | than +. S peromt of origmal Mattened, Biégnktau—w.sam are: betbom vartually Mt over comter
14 ppun of origmal des) 4 half o
T | Wpral S| M Span | Mgl agiat i e S Ty
dastortion theoughout distostion all alongtop | disteetion and deflection deflection throughous, mid-cedmate of half and deflection throughout, mad- | and deflection throughout, med- deflection throughout, mid-ordmnate of deflection theoughout, mid-ordmate of
lersgth of pipe, lower of arch, bottom has throughous, sides kop arc less than 50 percent of onginal erdmate of half top arc less than | cedinate of halftop arc bess than half top arc bess than 50 percent of half top are bess than 50 percent of
Ahird may be kinked reverse CIve Thattened with radius 100 | demgn. Top arc mid-ordinate: within 20t0 30 | 30 percent of onjginal design. S0percmnt of orignal design Top | coriginal design. Top arc mid-ordnate: eriginal design. Top arc mid-ordinate
5 Horzontal fimeter Herzontal san: more percent greater than percent of dessgn. Horizootal spoe merethin | Top srcmd-ordnate. withm 15 | asc ridondinate within 1510 20 | withm 15 bo 20 percent of design. withm 15 bo 20 percent of dengn Poor
(span) dimension 10% 1o | than 7 percesit grester design Rize withn Tio | +/- 5 percent of dengn Sedes: straight leg b 20 percent of desgn peroimt of dessgn. Heomzortal Henzontal gan’ meore than +- 5 peroent | Honizontal span: more than +- 3
15% greater than onpinal | than orinal desgn G percant of snginal bowed nwaed significintly o eteemaly Honzontal span: rove than +- | span: eteathan + Sparcent of | of design. Sudeplates nde fattensd, porcent of design. Bettom are: boltom
denign design bowed outward for distance bebwaen Udand | 5 percent of demipn design mad-cedinate Jess than 20 percent of wirtually flak over center half of arc and
12 span length, currature iregmslar crigiral design deflected down ot comers
Podr with axdrems Poor, extreme deflection | Poer, Pocr, extr dhzt d deflection in Podr, and Pocr, extrame distortion and Poor, extreme distortion and dellection Poor, exdrame distortion and deflecton
deflection at peolated mtep arch 7 e and deflection m e ane sxction md ordnate of halltop arc 5010 | deflection @ one section ard deflection mn ane ssction and i one secticn and ordinats of hall top o one secion and ordmate of half top
Locatsons, fstaung of seddiin, boltorn has seclion, sidesvirhaally Topercent Jess than design Top arcmid- ordmate of half top are 501070 | crdunate of half top s 50070 are 50 4o 70 percent. Less than desgn arc 50 bo 70 percent. ess than desgn
the crown, crown radis | reverse curvatune fiattened, etrernely non- | ordenate: 30 60 40 percent less than ongmal | peroent lese than design. Tep percent less than design Top o | Top anc mid-ordinate: 20to 30 percsrt | Top ane mid-ondinate: 20 to 30 percert
4 20 to 50 fest. Honzontal | throughout Hormontal | symmetrical Rice within | despgn Honzontal span: more than +1. 6 are mad-ordmater 20 to 30 mid-crdinate: 20 to 30 percent lezz than original design. Honzontal bess than oniginal design. Horizontsl Serious
dizmeter (zpan) span: mees than 7 to 10percent of criginal | parcent of original design Sides: stragght lag | percent lems than oeiginal dsngn | leez than eriginal design span: meore than +/. € percant of onginal | span: moes than +1. & percant of
damienzion m ecoess of peercent greater than design extremely bowed mward for distancs Jes Honzontal span. mone than - & | Hormzontal span: mons than . & dengn Spdeplates: ads Nattened, md. erigmal design. Bodbom are. botlem
1544 greater than origiral | origmal design than 1/2 span uﬁwu_o._rwrotauit-l percent of origmal design percent of orignal design ordinate less than 12 percent of desyn regarce curved in center
O«u.ﬂm et ﬂ..uﬂ. ereme Crtical, extreme mwﬂﬁn “ereme didorton and ﬂ gﬂ:nu_nnﬂs el el Crical, “ireme didortion and
digtortion and deflection | deflection akngtop of | deflection, throughout, deflection throughout, n_.ua.oasna ofhalf end deflection throughout, mod- | end deflection throughout, med- deflaction | deflection mud-ordinate of
throughout pipe, pipe. Honizontal span sides flattened, extremnely | top arc meore than 70 percent less than design. | ondmate of half top are more ordinate of tlf'top arc more than :-_m_nozs:sazﬂ:avﬂa: HE _-_—S«_ anc more than 70 peroent less
fattenmg of the orown, more than 7 percent non-symmenical Rise Top ar: mid-ordinate: more than 40 percent than Tdpercent lecs than design. | TOpercent becs than desipn Top han design Top s mid.ord denipn Top are mid-cedinate
3 crown radius over 30 freater than enginal grvater thim 10 peroent of | of criginal design Honsontal span mere Top wemid-ordmate morethan | arcmudondinate morethan 30 | than 30 percent omgeé_mﬂ.ma mere thin 30 percert of crgnal desgn Critical
feet Honzental dammster | design onginal design than +/- 8 peroant of dengn Sides: draight | 30 percent of ceiginal design pereent of crigmal design Heruzental span: mose than +- 8 percent | Horizontal span: moee than +- 8
Cspan) dimension more leg extremely bowed inward for a distance of | Honzontal span: more than +-8 | Honzontal span: more than +- 8 of design. Sede plates: nde flattened, percent of design Bottom arc: boktam
than 20% greater than 112 to 1 pan bength, or beg bowed cutward peroent of design peromt of design mad-cedinate Jess than 10 percent of reversed cureed in center and bulged
crugmal desgn saveraly o dengn cul st sides
Fartnally collaposd wilh | Swuchwe parialy Severe due to partl Tevers duslopartial collmpae, bop A - P o7 Tever oo, b Collipes, bop are | Bevers Gus b0 parlal collapse, top ame e
) O N reveTse collapsed collapse, local peverse curvature [t or péverse curred o e curvatire (s e reverse | ar curvature fla or reverse curvature fal o reperse curved Side curvatuee flal o reverse aurved mmin
curv e curve of crown and sides curved curved plates side (b or reversed curved Failure
1 Structune collspoed Steucture collapsed Carplealy collapied Corpleely collipsed Corrpletely ccllapsed Completely collipsed Crrrpletely collapsed Comrpletely collapial Failed
* These g are for sp 20 feet., r o
Michigan

Management Council

e

eceepersic weh I Giinatopy & Tining

Transportation Asset [N

151

Appendix G: Michigan Local Agency Culvert Inventory and Evaluation Pilot



CMP
Joints & Pipe Joints or Seams Multi-plate Joints or Seams Condition
Seams
Straight line between sections. Minor amounts of efflorescence or staining d
10 Excellent S
o settlement or misalignment. Tight with no defects apparent. Light surface rust on bolts due to loss of galvanizing. Efflorescence 3
staining.
9 Very Good
ignment at joints. Minor settlemen Metal has cracking on each side of a bol e Lessthan 3 ina n u
material adjacent to joint. seam section. Minor seam openings that are less than ' inch. l
8 Potential for backfill infiltration. More than 2 missing bolts in a Good
row, Rust scale around bolts, I
Misalignment of joints but no mfiltration. Settlement. Dislocated Ewvidence of backfill infiltration through seams.
end section. Extensive areas of shallow deterioration. ;
7 Satisfactory N
Joint open and allowing backfill to infiltrate, Significant cracking or | Moderate cracking at bolt holes along a seam in one section,
buckling of pipe material. Joint offset less than 3 inches. End Backfill being lost through seam causing slight deflection. Less than
[ seetions dislocated and about to drop off from main portion of the 1g bolts in a row or 20% along the total seam. Fair G
sructure. Infiltrati
Differential movement and separation of joints. Significant Major cracking of seam near crawn. Infiltration of backfill causing | 3
infiltration or exfiltration at joints. Joint offset less than 4 inches, major deflection. Partial cocked and cusped seams. 10% section loss
5 Voids seen in fill through offset joints, End sections dropped offat | to bolt heads along seams. Poor - _
inlet. O
5 cant openings. Dislocated joints at several locations exposing | Longitudinal codied and cusped seams. Metal has 3 inch crack on
fill material with joint offsets greater than 4 inches. Infiltration or each side of the bolt hole run for the entire length of the culvent.
4 exfiltration causing misali of pipe and settl ar Missing or tipping bolts. Serious
depressions in roadway. Large voids seen in fill through offset
e w
Culvert not functioning due to alig P throughout, Seam cracked from bolt to bolt. Significant amounts of backfill
3 Large voids seen in fill through offset joints. infiltration, Critical V
Pipe partially collapsed or collapse is imminent. Pipe partially collapsed or collapse is imminent. . l
2 Imminent
Failure —
Total failure of pipe. Total failure of pipe. O
1 Failed N
* For open bottom structures, rate footing condition. If concrete invert present, rate invert based upon Concrete Structural Deterioration. r
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Timber Blockage Scour Condition
Mo blockage. Designed condition. Mo evidence of scour at either inlet or outlet of culvert.
10 Excellent
Minor amounts of sediment build-up with no appreciable loss of Minor scour holes developing at inlet or outlet. Scour protection
apening. placed.
9 Very Good
Culvert waterway blockage is less than 5% of the cross sectional Minor scour holes developing at inlet or outlet. Top of footings is
area of the opening. Bank and channel have minor ts of drift. posed. Probing indicates soft material in scour hole.
8 Good
Culvert waterway blockage is less than 1096 of the cross sectional Minor scour holes, 1 foot or less deep, developing at inlet or outlet.
area of the opening. Sediment buildup causing flow through 1 of 2 Footings along the side are exposed less than & inches. Damage to
7 pipes. Silt and Gravel buildup restricts half of the channel. Tree or scour counter measures. Probing indicates soft material in scour MQ_:w-.mn__cJ___
bush growing in the channel. Fence placed at inlet or outlet. Rock hole.
dams in culvert,
Culvert waterway blockage is less than 3094 of the cross sectional Minor scour holes, 2 feet or less deep, developing at inlet or outlet.
arca of the opening. Tree or bush growing in channel. Fence placed | Footings along the side are exposed less than 12 inches. Damage to .
6 at inlet or outlet. Rodk dams in culvert, scour counter measures. Probing indicates soft material in scour Fair
hole.
Culvert waterway blockage is less than 40%% of the cross sectional Significant scour holes, 3 feet or less deep, developing at inlet or
area of the opening. Occasional overtopping of roadway. Large outlet, Does not appear to be undermining cutoff walls or headwalls.
5 deposits of debris are in the waterway. Bottom of footing is exposed, Major stream erosion behind Poor
headwall that threatens to undermine culvert,
Culvert waterway blockage is less than 80% of the aross sectional Major scour holes, 3 feet or deeper, at inlet or outlet undermining
area of the opening. Overtopping of roadway with significant traffic | cutoff walls or headwalls. Footing is undermined. :
4 delays. Serious
Culvert waterway blockage is 80% or greater of the cross sectional | Streambed degradation causing severe settlement.
area of the opening. Frequent overtopping of roadway with o
3 significant traffic delays. Critical
Culvert waterway completely blocked and causing water to pool, Culvert closed because of channel failure,
5 Road closed because of channel failure, Imminent
Failure
Total failure of pipe. Total failure of culvert because of channel failure,
1 Failed
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APPENDIX H: FAQ DOCUMENTATION

2018 TAMC Culvert Data Collection Pilot Project
Frequently Asked Questions (FAQ)

Thank you for your interest in the Michigan Transportation Asset Management Council (TAMC)
Culvert Data Collection Pilot Project! We know you likely have many questions and hope you
are able to find your answer here, in this Frequently Asked Questions document. If you are
participating in this pilot project as either a local road agency or a regional planning
organization (RPO)/metropolitan planning organization (MPQO), you will find answers to
common questions in the following areas:

e About Participation and Commitment
e About the Startup Funding
e About the Reimbursement

e About Collection Teams

e About the Required Data Collection Elements

e About the Data Collection Tools
e About Data Collection
e General Questions

We will update this document regularly when we determine answers to any of your existing
unanswered questions and when we receive new questions from you. If you do not find your
answer here, we encourage you to send us your questions to Scott Bershing
(sjibershi@mtu.edu) or Chris Gilbertson (cggilber@mtu.edu) at the Center for Technology &
Training (CTT).

About Participation and Commitment

How do local road agencies officially commit?
To commit to the culvert data collection pilot project, contact Scott Bershing at
sibershi@mtu.edu. You can also reply to the e-mail that he sent on Friday, April 13,
2018. You will need to send him your response by the deadline, which is May 14, 2018.

How do we know if our local road agency is in Round 1 or Round 27?
You will find this information in the letter that your agency received on April 13, 2018.

When do Round 2 local road agencies need to commit?
Round 2 local road agencies need to commit by the same deadline as Round 1 local road
agencies, which is May 14, 2018. We need all commitments by this date.
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If a local road agency commits before May 14, 2018, can they begin collection right away?
Yes!

What would happen if a local road agency committed to participating in the pilot project but
was unable to provide all of the data by July 30, 20187
Local road agencies will receive reimbursement based on the centerline miles of road
where all culverts are collected and submitted prior to July 30, 2018.

Are only local road agencies eligible for the pilot? Our agency, which is a planning organization,

may be interested in having our staff conduct culvert ratings.
Only local road agencies are eligible for the culvert data collection pilot project funds.
Planning organizations can take on a support role in the project by providing services to
local road agencies to the extent that their current work plan and budget allows.
Alternatively, planning organizations may act as field collection staff in support of a local
road agency involved in the pilot; however, payment for these services should be
negotiated with the individual local road agency directly.

How will the culvert data be used and/or is any data sharing agreement necessary?
There is no special agreement for this culvert data collection pilot. Participants will need
to understand that this will be treated like Pavement Surface Evaluation and Rating
(PASER) data collection and, thus, intended for public use. Information gathered will be
detailed in a final report for further review and analysis by the TAMC and the state of
Michigan.

About the Startup Funding

Will the fixed $10,000 for county road commissions or $5,000 for cities/villages be awarded as a
lump sum?
The $10,000/55,000 available for startup funding will be reimbursed for expenses up to
$10,000 for county road commissions and up to $5,000 for cities/villages on a time and
material basis. Invoices for labor, services and equipment will need to be submitted
through your planning organization.

If the entire amount is not needed for startup funding, can the remaining portion be used

toward data collection? Is there a listing of the items that are eligible under the startup

funding?
Startup funding can be used toward data collection expenses such as labor, services,
and minor tools or equipment necessary to do or prepare for data collection. Examples
of acceptable equipment include a windows tablet or laptop to use as a data collector, a
bright flashlight and camera for documenting culvert conditions, personal protective
gear such as flotation or rescue devices that would be necessary for swift water
inspection of culverts, and laser level or laser range finder to measure distances and
elevations. Questions about acceptable uses of startup funding should be directed to
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Roger Belknap, TAMC coordinator at the Michigan Department of Transportation,
BelknapR@michigan.gov.

What documentation is required for startup funding?
Local road agencies must submit receipts and a detailed activity summary report
containing labor hours for training to their planning organization. In turn, the planning
organization will include these expenses with their Cost Breakdown by Activity and
Regional Program Invoice Template for Asset Management.

When can we start purchasing equipment? How do we get reimbursed and what is the time
frame for reimbursement?
As soon as your local road agency sends in a commitment to participate, you can begin
purchasing equipment for the pilot project. You will receive reimbursement for your
equipment purchases when we get your invoice, which you must submit through your
planning organization by the end of the 2018 fiscal year (September 30, 2018). Any
invoices received after September 30, 2018 will not be paid.

About the Reimbursement

Is there a guaranteed dollar amount per mile for Round 2 local road agencies?
No, determination of a per-centerline-mile reimbursement for Round 2 local road
agencies depends on who is committing to participate from the Round 1 and Round 2
local road agencies. After the May 14 commitment deadline, we will be able to inform
Round 2 local road agencies what their reimbursement rate will be.

*Update June 6, 2018

TAMC approved a rate of $30/per centerline mile for Round 2 local agencies. A letter
was sent to all participating Round 2 agencies informing them of this. The letter also
provided the potential total level of funding for their agency based on their agency’s
Certified Act 51 mileage.

Can we submit data for a portion of our road system, for example just primary roads?
Yes, you will receive the same per-centerline-mile reimbursement for any roads that you
inspect whether they have culverts or not. Local road agencies can decide to collect and
submit all or some of their road network. For example, a county with 500 miles of road
may choose to collect and submit data for several of their townships. The county will be
reimbursed for centerline miles in those townships (collection area) for which all data
was collected. Keep in mind that the final report will compare your startup funding to
what you submitted for your data collection.

Also, just a reminder that TAMC has an objective to locate all culverts 12” to 20’ in size
(culverts beneath the Bridge definition). Therefore, TAMC encourages participants to
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locate and evaluate these smaller culverts in addition to larger sized culverts in order to
maintain a complete data set.

Will data submitted after July 30th be reimbursed?
No, local road agencies will only be reimbursed based on the centerline miles they
submit prior to the close of business on July 30, 2018.

Are there separate invoice forms for PASER collection and the culvert data collection pilot
project?
Yes, there will be separate forms, but they will be very similar.

*Update June 8, 2018

The culvert pilot requires agencies and RPO/MPOs to account for culvert pilot actives
separate from PASER activities. An updated invoice form is available on the TAMC
webpage here:

https://www.michigan.gov/documents/tamc/Asset Management Program Invoice-
Reporting Forms 2018 625066 7.pdf

What is the time frame for reimbursement?
Reimbursement will be made after MDOT receives the invoice you submitted through
the planning organization. All invoices are due by the end of the 2018 fiscal year
(September 30, 2018).

Are there any issues with MDOT's contracts policy for expenses over $25,000?
There should not be any conflict with MDOT’s contract policy as long as the invoices
contain the required documentation as prescribed by MDOT Contract Services and
referenced elsewhere in this FAQ. The TAMC will be amending the Unified Work
Program contracts with the appropriate planning organizations for reimbursement
purposes. You will be required to provide proper receipts and proof of payment for any
direct expenses incurred over $2,500.

*Update June 8, 2018

TAMC confirmed on June 7, 2018 an agreement between the MPO/RPO and MDOT
Contract Services is required when the pass through costs exceed $25k. The TAMC has
developed a template for this agreement in order to expedite the processing and
reimbursements; this template has been shared with planning organizations that have
local agency reimbursement budgets greater than $25,000. For questions about this
requirement, please contact Roger Belknap at BelknapR@michigan.gov.
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About Collection Teams

Will the individuals who are doing the inspections have to be certified, or can anyone who
watches the webinars and participates in the trainings do the inspections? Also, can we train
our interns to do the inspections?
Selecting the data collection crew members is the local road agency’s decision. Crew
members do not need to be certified, and there is no certification for this pilot project.

PASER reimbursement requires a two (2)-person crew. Does culvert inventory and rating
require a two-person crew as well?
For safety and accuracy of culvert measurements, we recommend a two-person crew
for inspecting the culverts. However, this is not mandatory.

Can culvert data collection be outsourced to an outside engineer?
Yes. You may also be able to reach an agreement with your planning organization.

*Update June 8, 2018

Please refer to the note above. If the sub-contracted work done by the consultant will
exceed $25,000, an agreement between the MPO/RPO and MDOT Contract Services is
required.

What is the role of the planning organization? Will they be distributing the funding and/or

hosting data? Will they be providing any other services? And, how is the planning organization

to verify the costs reported by the local road agencies?
The planning organizations are primarily reviewing requests/invoices from the local road
agencies and approving requests for reimbursement. Culvert asset management
expenditures will be reimbursed through the project authorization with each planning
organization following the standard reporting and invoicing procedures. The Center for
Shared Solutions (CSS) will provide planning organizations with a summary of centerline
miles of roads collected in each local road agency’s collection network that can be used
for reimbursement.

After the May 14 deadline identifies who is committing to participate in the culvert pilot
project, the TAMC will notify the planning organizations and will work on an amended
Unified Work Program. Data from the culvert pilot will be sent directly from the local
road agencies to the CSS, so planning organizations will not need to be an
intermediary for the culvert data. Information on what was collected for the per-
centerline-mile reimbursement can be shared by the CSS with planning organizations for
invoice verification.
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About the Required Data Collection Elements

Are the required data collection elements finalized for the pilot project?
Yes. The data collection elements required for this pilot project are:

1) Inventory data for all culverts in the collection area:

Material Type

Asset Collection Date (applies to condition evaluation)
Shape

Skew Angle

Length

Width

Height/diameter

Depth of Cover

Roadway Surface Type

Inventory ID (automatic with Roadsoft)

GPS Coordinates (automatic with Laptop Data Collector)
Photographs are optional

2) Condition data for culverts in the collection area:

Condition assessment is required for all culverts in the collection area for
local road agencies that have already completed the majority of their
inventory.

Local road agencies that are collecting for the first time and do not have
an existing inventory may forego condition assessment to focus on
locating culverts.

3) Network export of the collected area including centerline miles collected. A tool
will be available in Roadsoft for this.

4) Daily Data Benchmarking Logs (required for Round 1 local road agencies,
optional for Round 2 and 3 local road agencies)

5) Invoicing details for the planning organization, summary of data collection
activities (Employee, # of Hours, Dates) for startup funds

Are the data collection elements consistent with the state's infrastructure pilot?
Yes, the elements are consistent, but they are not exactly the same.
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About the Data Collection Tools

Does Roadsoft have to be used for data collection, or can we use a GIS system or other

systems?
You do not have to use Roadsoft; however, the training associated with the pilot will use
Roadsoft. You can use other systems, and the TAMC will review each on a case-by-case
basis. If you have used another system, you may be able to migrate your data into
Roadsoft depending on what system you used and whether it has the same fields. The
CTT is available to help with that process. Regardless of what system you use, you will
need to verify that it is compatible with the requirements of the statewide central
database as established by the Center for Shared Solutions in order to submit your data
and get reimbursed.

TAMC Coordinator Roger Belknap indicated that a ruggedized tablet was considered as a

recommended purchase for collecting data. Can you provide more information about that?
The CTT has been testing the MobileDemand xTablet T1600 Ruggedized tablet
(www.ruggedtabletpc.com). It runs the Roadsoft Laptop Data Collector program well and has a number of
features well suited for this project. Contact Amy Garman, MobileDemand North Region Inside Sales, at 1-
319-739-3219 or agarman@mobiledemand.com. Mention that this will be for the Michigan TAMC Culvert
Pilot Project and Amy will offer a discount. The TAMC is not advertising or promoting this particular
tablet; it is listed here for informational/reference purposes only.

About the Data Collection

Do you know how long it will take to collect this data?
Current estimates from engineers who have collected similar data in the field indicate
that it may take 20 minutes to collect required data and move to the next culvert site in
a system where all the culverts have been previously located. A major role of the pilot is
to collect benchmarking data on collection time.

What is considered a “culvert” for this collection?
Culverts for the purposes of this pilot are defined as linear drainage conduits
underneath a public roadway that are not considered “bridges” by the Federal Highway
Administration (FHWA). In general, the FHWA considers a “bridge” as having a
combined span of more than twenty feet, which would include listing on the National
Bridge Inventory. Culverts are differentiated from storm sewers in that they are straight-
line conduits that are open at each end, and do not include intermediate drainage
structures (e.g., manholes, catch basins). Only culverts found within Public Act 51
Certified Roads are eligible for collection as part of this data collection effort; culverts
found beneath private driveways or commercial drives are not eligible for inclusion or
reimbursement. All culverts that are 12 inches in diameter or larger should be included
in your collection; local road agencies can collect smaller culverts at their own
discretion.
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What is considered an open-end tube? For example, are equalizer culverts or fully-submerged
culverts considered open-end tubes?
A culvert is considered an open tube if there is no manhole or other buried inlet
structure on any part of it. Submerged culverts would be appropriate for this project.

How should we deal with a location that has multiple culvert barrels that are working together
in one place? Would we consider it one culvert with multiple barrels or multiple culverts?
You can use the following as guidance. Local road agencies that have already collected
data using a different set of collection rules should feel free to maintain consistency
with those rules. For local road agencies that have not developed collection rules
relating to multiple barrels, the following guidance should be helpful.

1) If the culvert shares common structural components (e.g., foundation walls, end
wall structures) that do not allow replacement of one barrel without disturbing

South Diakota Department af Transportation

g y =

the others or replacing common entrance units, it should be considered one
culvert with multiple barrels (see examples below).
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2) If a single barrel can be replaced without having to replace the other units or

N L ‘ip-
replace associated structures, it should be logged as multiple culverts (see

below).

The intent of this rule is to differentiate between two installation and replacement
situations in the database: If a user sees one culvert location with multiple barrels in
the database, this would denote that the unit needs to be replaced and/or maintained
together as a unit and that options do not exist to replace only one barrel without
significant work and expense. If a user sees multiple culverts in the database, this would
denote that one or more of the units could be replaced while leaving the others in
service.

Is there a rating system similar to the PASER system that will be used for this culvert data
collection pilot project?
Yes, this project will rely on a modification the Federal Highway Administration system.
Rating guide sheets are included on the TAMC website (www.michigan.gov/tamc).

What culvert rating guidance will be applicable for this pilot?
We will be providing you with the necessary culvert rating guidance for your data
collection effort at the trainings during the week of April 30.

There are many more data elements in the Roadsoft LDC’s Culvert module that we do not need
to provide. Can we customize this module’s view for the pilot project?
At the trainings during the week of April 30, you will learn how to hide elements in the
Roadsoft LDC’s Culvert module that are not needed.

The roadway surface type is already in the Roadsoft Road module. Do we need to collect this
data again?
No.

Do we have to do surveying or provide elevation?
No, surveying and elevation are not required.
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What if we have all the data in Roadsoft but are missing one or two pieces of information,
would the data be valid?
Inventory data that was collected previously can be submitted if it is still representative
of the culvert. Rating data should have been collected in the last five years. Missing
mandatory data elements would require a subsequent field visit to collect.

General Questions

Was this part of Public Act 82 of 20187
Yes.

Is there additional funding anticipated for the fiscal year 2018-2019 state budget for additional
culvert collection?
At this time, it is unknown whether additional funding will be available. A key part of
this culvert data collection pilot project is to determine what might be needed to fund a
statewide data collection effort.

Are we on our own for collecting data, or is the TAMC or MDOT planning to help with the data
collection?
Local road agencies must do this data collection on their own. The TAMC and MDOT will
not be providing data collection assistance; however, the TAMC will provide guidance
and training.

The 21st Century data is sensitive and cannot be shared. But, the data collected in this pilot
seems similar to our PASER data, which is made publicly available. Will the data collected during
the pilot project be public and made available to regions for the public?

Once the report is released, the data will be made available.

Why are the deadlines so strict? Is there any way to get an extension?
The deadlines were set due to the time frame that was set for the TAMC by the
Legislature. The $2 million is only for the 2018 fiscal year, which ends on September 30,
2018, and the funds do not carry over into the next fiscal year. We realize this will be a
challenge for everyone. Please remember that this is a pilot project.

Where can | find the training webinar recordings?
The webinar recordings can be found at http://ctt.mtu.edu/tamc-culvert-pilot

How do | set up my tablet so that Roadsoft LDC works with the internal GPS?
Instructions to configure the tablet internal GPS and connect it to Roadsoft LDC can be
found at http://ctt.mtu.edu/tamc-culvert-pilot

Since the data must be collected in July, do we need to have everything done within this fiscal
year?
The answer is yes. Data Collection and work performed after July 31 will not be
reimbursed. Therefore, it is recommended that invoices for the Culvert Mapping Pilot
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project be submitted before September 30. MPO/RPOs are able to submit separate
invoices specifically for the Culvert Mapping Pilot to ensure all reimbursements are
made in timely fashion and before the funds expire. Again, please use the revised
invoice forms that are attached that accounts for the Culvert Mapping Pilot separately
from PASER and other asset management work items.

How long will it be before we can get reimbursed?
This question is relative to the amount of information the local agency provides to the
MPO/RPO. If the local agency provides the required reporting documents, such as
copies of receipts for purchases and labor expense reports, and data collection logs,
then the MPO/RPO will have the necessary documentation to submit an invoice to
TAMC on behalf of the local agency. The TAMC will then pay the invoice to the
respective MPO/RPO, and then the local agency is reimbursed by the MPO/RPO. Is
important to use the revised invoice forms as this will ensure the invoice gets processed
timely. If local agencies don’t provide the required documentation, or the invoices do
not contain the necessary back up that explains the costs incurred, then the timeframe
for reimbursements is delayed until documentation is verified by TAMC.

Will the amount of money that each of the agencies receive going to show as revenue for the
MPOQ’s? Is there a way to only show the administrative fees for auditing purposes?
It was mentioned that MAR dues are based on revenues of planning regions; it is
advisable to contact MAR and your agency’s auditor to make sure these funds are
identified as Pilot Project reimbursement funds, and not part of the agency’s typical
income.
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APPENDIX I: DATA COLLECTION USING ROADSOFT WEBINAR SLIDES

2018 Culvert Pliot

data c&llection using

el

Center far Technology & Training
Dillean 302 1
1400 Tomneend D e
Fatghton, MI45931-13%5

(906 487.2102
Rosdsoft(Fmiucdu April 2018
i _. ‘

Goal of the Pilot

* Estimate how many culverts there are on Michigan roads

* Benchmark time needed to collect data

* Determine best practices for data collection

* Develop tools and skills for local agencies to collect
culvert data

* Determine the overall condition of culverts

* Determine methods for creating and updating a state wide
database

* Begin a self sustaining program of asset management

d
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Today’s Instructors

r
@ Mary Crane
’ Senior Software Engineer

Chris Gilbertson

Senior Research E ngineer

Scott Bershing
Moderator

Topics for Today
. Equipment Prep

* Data Collection
* Data Collection Cycle
* Data Fields to Collect
* Tracking Collection Area
* After Collection
* Data Quality Review
* Method for Reporting Collection Area
* Data Sharing

d
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MobileDemand T1600

Connect GPS

* Make sure device driver
is installed prior to
connecting the GPS to
Computcr

. Right—c}.ick on the

Windows menu

* Select Device Manager
from the pop-up menu
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GPS Recommendations

* Must output: NMEA-0183 communication language
« Low cost units or built-in work the best
v GlobalSatBU-353-S4 USB corded ($26)

v GlobalSatND-105C micro-USB ($29)
¥ GlobalSatBT-821C Bluetooth (45) g1 T

Bluetooth or USB Built-in GPS
“Button GPS” Must be set to outpur
Can't be used w/o computer NMEA-0183

NG aux PDWET

Connect GPS

Ervar banagr

* Click on Ports
(COM & LPT) to
expand, find the
COM porr assigned
to GPS

(in this case, GPS is
assignecl COMI [)
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Roadway Surface Type

Roadsoft Data Statistics

a4 If }70111.' agency h.aS [Asset Management Menu)
done PASER ratings
on all of }'our"m'&dS' oads, o
you will not need to '
collect surface type

......

Laptop Data Collection (LDC)

*  Windows machine (Tablet
or Laptop)

Light—weight companion
for Roadsoft

Designed to integrate with
a GPS

Designed with data

collection in mind
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(built-in
or with
cord)

Tablet or
Laptop
for LDC

USB
Jump
Drive

Power
Adaptor
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The Data Collection Gy;ja\\\_

Always complere the entite data cycle BEFOF&J:‘:E-%&&E next eyele
and BEFORE updating Rn%&of‘t or the LDG. W

E Roadsoft [
. = J LDC

Laptop Data Collector

Export network to LD
Set up a network. T .
RStal " e I
st o Pead lpupurluclmr\.llﬂm

| D.Lllmli_'mn I

O
Expast munllm&ndm% Collect data e |

‘ [ vataboseiame e ¢ o

* Always perform a darabase backup before importing data*

y

1) Roadsoft LDC menu:
Export for LDC

File TAMC AsetManagemert  Saletydnelysis  Arporng | LDC | Tock  Settngs  Help
Maplayen 9% | ap | Bidgentasl Ly Epeaiortic,

. - | (I Aridgeiinay
Eoosnm- : -oraEy | rmpart from LOC [LDCHRS" Ideden)

*This will ereate a file named: RStoLDC_[Jurisdiction] [Date Time |.ldez ‘
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Required: A method for

tracking collection area by

day

* Daily tracking of road segments
examined for Culvert collection will

ensure full coverage by your agency and
will provide a state-wide evaluation of

roads collected I

TAMC Collection?

* Are you coﬂecting ROAD data for the
Asset Management Council?

* No! — this 1s not ROAD data collection

TAME Data Cellection? e el

|
Are yau mllxnﬁma 16 The TransporTaticn Asset
Management I3

=
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Create Export file/database
for the LDC

 Expan sz lDC

Culvert: Check the ak |
Culvert checkbox (for | B e — —

All Culverts) o D b Gt Bk
Export Path: Browse .:mmm R

for folder to save file i S

Inchude Attached Documents

171 Export PW Change Beuesl Histary

o Export @ Cancel ||

LDC: Map

e = |
™ @5 e e ey
ks 8 i | i | [
AEE &

e
[ R ——

ro— Fanes | Q| e
B| s ot -
fr ==
(=== PR
[ s
rrrrr -

-
"
et
ol 2 T
..... s b
| s
B S| A AT Hopthe T | T || el Mt | it I t
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2) LDC: Login form - Load
Database

wllmmﬂcﬂmm]”‘"mi'm"'mﬂ
Doftobase: KEmLEC AkonsiCourny] 2018.04. 70,0854 | Load Database |

*  Database: Browse for L CEEERT— e |
file created from | Databise Information it
Roadsaﬁ Map Information:  Alcora [County]. P ¥17

Dlobase Patle  Clsersuserapp DabahLocalTTHGLDORS T LIRSS
LOC_AlcomaCouniy] 2018 0423 08 54 idodn

*  Crew: can be entered Roadsaft Verlan: 391540
- Culvert Data
new or selecred from Total Cuberts: 1690

the drop-down of
previously entered
crews (use full names)

(=1 4 ECancei

LDC: Add Hydrography

R B

Ligws Pahy s iomatas s OongCbmretat s Rl g

Lawer boamvie Pt Fieevi ]

T P cam sk rnud i Lnpare by Srageng ared ermpsirg B b Winsswe Brplase theict amks £ W Laysrs smndew,

oox @ G
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i o T3 n L Comuguted Sinsl it Bae
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Fl foessci - -
Fir  TAMC AustMaragemest Safsty Andpi  Aeposting [ 100 | Tooh

Miplare g s Epert for LEC.
::ﬁﬁlum' | 1 % Read Segmenm. % 3 [EL] % & 8 T 0
[P P T :

Brudge W Sargw

Em
E -

o o5 =

AT N R 4
ggﬁ\g_ . o

& Cpan @t O Debits | & Oner

A
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& Cpmn (@ Sen 9 Dokt | & Onir

& Cpmn @t O Dabits | & Onir

bt
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& Cpmn (@ Sen 9 Dokt | & Onir

& Cpmn @t O Dabits | & Onie

& Cpan @t O Debits | & Oner

]

T
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[ &5 O [ 3aen @ Doemie | Gl

| 5 0w i @ Dvale | @
N Il -

| 5 O [ e 2 Doemie | G e
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APPENDIX J: CONDITION EVALUATION WEBINAR SLIDES

WEBINAR OVERVIEW

TAMC MICHIGAN LOCAL
AGENCY CULVERT PILOT

CONDITION EV ALUATION TR A

GOAL OF THE PILOT

MICHIGAM ROADS
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PILOT BACKGROUND CULVERT - DEFINED

WHO WAS SELECTED FOR THE PIL
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ROUND 2 COLLECTION FUNDING ROUND 3 VCLUNTEER COLLECTION

START-UP FUNDS — APPROPRIATE USE BASIS OF PAYMENT FOR SUBMITTED DATA

ERTIFIED MILEAGE LEVEL
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PROJECT DELIVERABLES

TAMC 2018 CULVERT DATA COLLECTION
PILOT PROJECT - KEY DATES

DATA FOR ALL CULVERTS M THE C

CENTERLINE MILES COLLECTED

ORT: SEPTEMBER 30, 2018

DATA COLLECTION BENCHMARKING
BENCHMARKING DATA LOGS

Culvn Data Golloction Piod Frojest Data Collaction Banchmark
Daily Date Coflaction Sheet
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TECHNICAL SUPPORT / CONTACTS

CENTER FOR TECHNOLOGY & TRAINING AT MiICHIGAN TECH UNIVERSITY

RALL PILOT TECHNIC

NEXT STEPS FROM TA

AITTED ‘WILL BE

NOILYINEO43d NOILD3S dIND

SLAB & ABUTMENT
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RECOMMENDED EQUIPMENT NOTES ON TABLET USAGE

NOTES ON AUTO-LEVEL INVENTORY DATA COLLECTION

— F‘.'Englnlﬂl

p—
B
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INVENTORY 1D MATERIAL TYPE

GPS COORDINATES

ASSET COLLECTION DATE

* DATE ATWHICH THE

MULTI CELL BOX CULVERT

ONE UNIT = SHARES COMMON MEMBE
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MULTIPLE BO; E SLAB STRUCTURE WITH ABU

HREE UNITS

SKEW ANG LENGTH
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WIDTH HEIGHT/DIAMETER DEPTH OF COVER

+—— Fcad width—,

Diameter

ADWAY SURFACE TYPE CULVERT RATING

1:Bea
- sration 5 - Mdargral
Sectios Defarmation & - Geverally Fas

IS
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PHOTOGRAPHS (OPTIONAL) PHOTOGRAPHS
CONTINUED

CONDITION ASSESSMENT RESOURCES CONDITION ASSESSMENT

(=]
=
] T
@
2]
=
[=]
=
=]
m
m
=]
el
£
5
5]
=

CMP SECTION DEFORMATION

PLASTIC PIPE
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CONDITION A

INVERT DETERIORATION

Severe undermining with slight differential settlement causing minor
cracking or spalling in footing and miner distress in walls

CIRCULAR PIPE INVERT AREA AQOP DESIGN CIRCULAR PIPE INVERT AREA
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3 SIDED BOX CULVERT INVERT AREA

Top Slab

wall § wall

Boftom Slab . - Invert (natural bottom)

Invert

PIPE ARCH CULVERT INVERT ,
ARCH INVERT AREA
tom Plates (inve

Metal or Concrefe Arch

Found
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N

!

L

Ay

Closed Sottom et Daberlonation

10 [Mow condition; galvaraing 0 comosion.
9 Dmcooration of merface. Gabvanizing pertially pome piong
imvert. No kayers of rust,
[Dsccteration of sorface. Galvanizing gons aboeg wnart
8 but no layers of rust. Wiear section ks a1 eeds of pipa

Galvanizing gos Shong Invert with SIyars o FUSL. |
[Modarate suction los a erc of pipa mot focated

i aath sy . MO0 arats socteoe 1058 Lids than 4%
lot imvert araa ___‘_.--/

ey rust prad sosbe through out. Heavy section koes weth
perforations in rwert not located uncer the roscw ey,

= ey section koes: Up to 10 of wertares
[Exterasye heavy rustand maling throughout,
Peroratiors throughout imvert with an ares ke than
3 0% nf invert srep. Dverall thin metsd, which sfiows for
o ey pumcture wih chipping herwmer
[Extermaye by rustand scaling throughosst,
a Perforstiors throughaut invert weth an anss e than
5% nf Invert sres.
Periorations treoughout invart weth an arsa greater then
3 Z3% of Invert aree.
2 Pipe partisy cofapsss
1 Tonaa failure of pipa.

Closed Sottom et Daberlonation

Haw conditice; palvarazing

w0 comrosion.

Dmcooration of merface. Gabvanizing pertially pome piong
vert. Mo bayers of rust

[Discoiceation of corfaca. Galvanizing gone aioeg ewart
st i b s o - Al S ek a1 aats of pipa
not locatod bereathroacuay.

Galvan i2ing Forss aong invert with Sayers of rust.
Moda rate secte low & e of pipa rot bocated
banaath raachvay. Modarats sactee 1055 Less than 4%
of invert araa

vy rust e sraie throsghout. Beavy section koss weth
perforations in ievert not locsted wnder the rosdway,
vy sectinn koo Up 10 105 of imvert ares,

[Exterasye heavy rustand maling throughout,
Perforations theoughout invert with an anea bess than
[20% of Invert sres. Overall thin mets), whsch sfiows for
o ey pumcture wih chipping herwmer

[Exterasye Peawy rustand =aling throughout,
Perforaticrs troughout invert wéth an ansa bess than

Perforaticns terpughout Imvert weth an arss gregter 'u;‘b
25% of invert aren. ]

e —

Totad Failura of pipe.
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CMP INVERT DETERIORATION

Closed Bottiom kot Dobeion i

o) CORFDSION.

Maw con ditecy; ga Ivandzsng it

Déscoiorstion of surface. Galvanizing parteally gore siorg
Invert. Mo Rayers of mes,

[Discciioration of sorface. Galvanizing gore sorg iewart
Bt i s o S el e 1 Bk 0 s of i
not locatad bera th roatwiy.

Galvan 2ing o shong (nwert with layers of ruct.
Mo darate socthoe (08 &1 ek of pipa not lodabed
banaath rocckay. Modarat soctio Inss: Less than 4%
of it o

mavey rust e soaie throughout. Hesvp section boss wath
perforations in irwert not locsted wrcer the rosdwery,
Koy mectinn boss: Up to 10°S of wwert anss,

[Extermave ey rustand scaling throughowt.
Perforatices troughout invert with an area bess than
20% of Invert sres. Dverall thin metsd, whach siows
1wy puncture wih chipping hammer

Extecami o)
Perinratiors trrougraut invert with an area bess than
3% of invert aren.

[Periorations throughout Invert with an ansa greater than

3 2% of Imert sres
3 Pipe partisiy costapsed,
1 Tt Railiira af pipe.
D|p ]
D O A A M
Plastic Pipe Ik Dot riprastiaan
Miw Concition,
10
g Minor discoloration at isolabed |oeations
I
" Perforations caused by sbraseon located g
8 ‘within Siest of outlat and not locatad undar
S . road was
et ed
7 within Sect ofinlatand oulfat and net
located undar roadway.
. Subsstaraial parforations cused by sbeasion
bacated within = feat of inlatand outlat and
6 ot lacatied wnder roacheay,
Parfarations caused by abrasion locatad
" 5 throughout pige,
Section laes e sed by sbrasion [ocated
a theoughout e,
Saction boss caused by abrasion located
e + throughout piga with at keasta 2 foot in
l=ngth by 1 Fact i width invert ssctan
arodad away.
- vl by colbapied o ool lapse 1§
. ] N
A ¥ 1 Total failure of pipe
L s TN :
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R PIP R CRETE PIPE INVERT

esirans wp [T—— Ml Dewsce

DETERIORATION EX T T —

M aEaTd STt A o

7 AR S AN LR ECE. Bl £ SO A e

Saure: Oregon DOT

A INVERT
EXAMPLE 1

Spen Bottom Invert Deterisration

10 [Mew cendition

G |Goedwihnoinen emsion e —
—
8 (o wah oy Temien
7 inaramsion nearfomings
f & Mcdersns erpion dong fomting; probective memunes

sy be raquired
[Ernsion aiong footing with stight unda mining,
| Erofection requinad

Soverm undarmining with slighe differe neial setdamene
2 causing minarcracking or spalling in focting and mincr
distreas in malls

Sewe e undarmining with signficant diFarential
Lamlement cauding sevens medks in fooing and distress

2 Structure parsally coll spsed or colla e isimminent

Toual failune of stucura.
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CIRCULAR PIPE STRI
REA

DETER

OR

Structhural Detericration

(Mt concition. Galwanisng intact, Mo cof rasion.

Discoloration of surfars. Galvanizing partially gone. No
lirgers of rust

Dis eoboration of sudfsce. Galvanizing gone along wwert
But o layers of rust. Minar section loss at ands of pipe
st Iacartbed bensath radway.

Gl wanizimig gone with lpers of rust, Moderse secton
o3 at areds of pige Aot kacated benaath roadway.
Bbrche et soetine bosg: Legs than & in®fit’

(Fiaasy rust and 5cala thoU EoUT. Ha sy SaCtion TEwmal
perfarations mot lpcated under the roadwey. Heavy
section lass: Up 1o 15 in/Fr!

Extansis Neday aIraning -\.@‘\-on:.
Parfarations throughaut with 2 anea less than 30in . |
e rall thim mestal, which all s For an sasy punciure
with chi ping hameme i

(Extinse heawy rust and 5 caling throsghout,
Parforations throughaut with an arealess than 35 in?/ .

Parfarations throughout with an areagreatar than 36
iRt
in

Dipe parbaliy tollags ed

Tartal Faiture: od pipe.
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Plastic Plpa Structural Dete RorEtion
10 New Condition.
Ischated rip of tRar bess than o equal to & inches caused
a by fleting dekwis orconstruetion. Mingr disooinretion at
is o ted hocation:,
Splithess them o equal to 6 inches but not apen mane
8 s 1/4ch ik at bwa o three [ocatons. Damage due b
cuits, gougn s, o distortion at ond sectians fram
construction or maintenan e
splitless than & inches with width notto oxceed Winch
7 it b e e et ons. Diaage due b outs, goages,
bt adgos, ordistortion a1 and sections fram
splizless than & inchas with width axeaeding 57
P baa or thie e locations. Damage due b cubs, goagss, or
distortine toend sections fromn canstruction or
mairmonance.
P + u ing % inth m
5 severallocations. Splits causing loses of backfill
it il
splitiest than & inches with widih axeaeding 1inch at
4 senveral bocations, Splits chusing |iss of backfll meterial,
Splitkarger than finches with width excsedimg 1 imch ot
3 several locatans Splits causing loss of backRll material,
2 Fipe: partiatly collapsad or collagss ks imminent.
1 Towl falurs of piga.

201



Plasti Plpe. Structural Dete faration

CONCRETE STRUCTURA SR

ETE[H L,-}':? ﬁTl I,-‘. ! EV A ,"]PLE 1 ‘-!p-r-(".’kn‘c:!" w-lr.:v—w!“x"xrr.a:r

10 N ew Condition.

Iscbatad rip or 1ear bess than or egual to & inches caused
9 by fimating debris sreonstruction. Mingre discoforation at
i ot o ition,

i N run P oo et
Splitless then or equal to & inches but ot apen mans i ¥ AT s, e
i 174t inch it bwa ar three et ons. Dama pe due t

8 Cuits, pouge s, & distorton ot and sections fram
construction or maintenan e
Splithass than & inches with witth notto oxceed Windh
7 it b e e et ons. Diasage dhurs b outs, gouges,

besrnt adges, ordistortion at and sectians from
cang

Spli 5 than & inchas with width axcaeding
twa or threa locations. Damage dua to cuts, goeges, o
distortion b end sections from construct o of
mairmanance.

¥ ing ¥ imth o
5 ceveral locations. Splits causing loses of backfill
materisl,

splithass than & inches with width axcaeding 1inch at
4 several b otatan s, Splits causing lo53 of backRlll menal,

Split arger than finches with width sxceeding Limch it

3 several bocatans Splits causing loss of backRll material,
2 Fipe: partially collapsed or collagss ks imminent.
1 Totl Falure of pipa. R LRI

A = = = RER = o A
Tesba Hrnrimrd Datiemiion
[J A £ Mazenny Seructural Datericration [J A £ 10 [hmsien
e of By o s o7 e Do aTa e MR
10 New Condition 9 lwateemoning minmnzes
e ] it s
f 9 masoesy. Sarfaco in great condition . =
B Surface datariaration atisolitaed lacatinn.
7 Mirar cracking i mamonry ueits - 7
Wi rer eracking. Slight dichoe ation of masoarg "
(-] unis. Large areas of surface scaling, Sptor
cracked stones.
. Extenzive aacking Sigrificant disfocation of & '
- i - 1 Pt 4 ok et G0 o e At iR 1
: 5 |masaceyunits Large arsasof surface ssbng. N T s PR el
Split or mracked Mones. praress arpe
= Severe oacking with spaling
& Déelamimationds]. SEght diffarantial -
4 movamant. Individual kawer masoany units Fl =
e bag '
Crading vary severa with s &8, -
di ke imation, and differa nitial mesmant.
Indinichusl masonry units in fower part of . 4
u 3 Struchara missieg of oushad. Individual
S - Masa Py U nits in 20w of o beert missing ar 5
T ey ¢ shed. ___.--/ !
g F e 1 3 Ser GCTTE TN e TSI o7 colansa is ! . -
i im e . .,
i o h 1 Faiduia of strochura. h' - - 2 P
E = = 4 >
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SECTION DEFORMATION

DEFORMATION

36"dia pipe leformation = 3.6"

\ "
) Spring Line
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CMP SHAPES

PLASTIC DEFORMATION
EXAMPLE 1

Saetian Dedsrmatian

[meath meal. Sgan dimersion up o 3% o

s shapa. Severs
direpling azcamparied with wall ik

Pipe partially mlbwsed or collapse b5 immirens

Tt Faiure of pips
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Secian Defarmatian

srooth wall Span deseraion upto 2% grestar than
ce g

Srocth wal Spen dimerion upta TN gresier than
carign

Pt ot 2 4 SO0t B0, 5080, it Tt i 10 7.5
[graatn rth an s g

Minar desping sppesrng st an aoisted enel| e e
then 1/68th of crcumference areaand 1 foat in length.

Dimponglas Span dimension up oo
Teae rthan desipn

[Minar dimpbng anpe:ering over o o Ccum e eniv
area and 1fwst inwrgth. Dimplasbebwwen % snd % inch
ciear. Pioe cafiacton i than 12 5% from orignl
shase

Tl gy e thin
3 teet g deliEdion R2zthen 15% o el
shaps

Wall Crushirg o hngngccoumng with Wrgths o
then 3ect. Musderpie degret of dmgling aocesing
Dirapies mae than # inch deen. Wall e bring o rading
inthe buchled reglon. Fioe deflledion lessthan 24
Iram arginal hage

Wall Crush ing ar hingingecauming avar the magrity o
the b rguhal pips inder the roadwiy. Mot rine degres:
of dmicfing ponearing. Dimakes move than® inth dep
Wl teaving aromckang Inthe Buckled region. Fe

e Finctoan g matar than 20% from originel shaps. Severs
kil Ing acom panind with wall sita

Fpe potiaby cofansed o coflppse B ammine nd

mekal fuluw ofpips

[P aErr—

M e casane

e
-
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Sertan Defarmatian

Span e =

10 a1 ign.
g Sracoth wall Spen deersion upto 3% B then
dean
8 Rt |t e By S0, . SO TR et L 10 7.5
st riham e g
Wirear b e are o an ot amal s s
7 then 1/05th of Corumlerence areaaned 1foatan length
Dimpen g 185 hen 173 inch cieen. S0an dimension 1 b
104 greane £ han design
[Wirear e ang an0e 2 ove fa 10 W 0F Cooamle rEnce
6 arem an: n'wrgth Dmplisketwesn % snd % inch

doa . Pipa deflaction immthan 12 4% from o gnel
nhape

Wedl Crushing i@ hengingocueng with kergths fe s then

0 £t P defledtion sz than 154 Som eignel
 ————

Woaki Crushing or npngecomngwith lrgths goe

than Sleet Modernie degree of dimpling appeeing

Dirptes momr than % anch deen, Wl | iz wing o cadking

inthe buchled region. Foe defleciion lessthen Hi

e sty of
e b g hal D inder the roadwy. Mod rve degres
0# dmpsi ng Bo0enTing. Cimpkes mave thin® inth decn

3 Web traingar omcking Inthe: buckled region. e
il irg accormpanind with wall mita

2 Fioe cort iy colonsed o colbgse Bmminery.

1 otal fmlum hpipe

BTty G Lo Pl OF 1 S T
b flam i of Betioe. Berizonnsl
iars v o wi T 308 of

o wi i

PR, H R i
Sgar 9 10e 195 T 158 vt s han
N i

VLD il B A A 8 LT 1 T
argEhat g i s

gD T D0 R 0
[P e T ey e Raction s soites
ocaies, amesng ol 14 duwe, moee

TR, G v AT 2] ATt
[rircagneet phes, Tminieg of e orome.
3 Ao TR T MR R

kt s a o (2o sranwion oo thar 3%

[P ETiaty Lol i AT LEAT) F reveri
St




CIRCULAR PIPE ANATOMY

JOINTS / SEAMS

Pipe Joint

CIRCULAR PIPE ANATOMY PLATE ANATOMY Plate Joint

Pipe Joint

i

Pipe Seam Plate Seam
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Pipi boiints o7 S

strmght line betuzen sections,

Mo setilement or misalignmend, Tight withno defects
apparant.

Mirar isaligrenent at joints. Minor sattismant. Distrass
o e patierial ad jacan 1 fo joint

Mizalignment of jintsb ton, Setthement
s located end section. Extensive arsas of shallow
dotareratice.

okt e shd illﬁwlhsm(\.r: o it e s.gnrcanr
eracking or kaacking of pipe matereal, Joirt offaet lezs
thar 3 Inches. End sactions dislocsted and ahout ta drop
o froim masn portion of the stractr, Infration

stasming pocacenl

[t frram el movement and separation of joo ﬁ?"‘-‘-\

ssgraficant infiltration or =sfiltrotion ot joints, |
oftset a5t than 4anchas. Vi ds seon i il though oifsa
s, el smctions dropped off at siet

sgrelicant OpET R0 a1 seerad
locateons sap g 18 matsesal with point offssts graatar
ta i inches, il tratson or e cliltratson causeg
mizalignment of pipe and sefbiement or depressions in
roa chuary. Larga woics soge in Nl through ofses joints

Cubsar nat functoning cus to alignmen? probems
throsghout, Large voids seen in §ill through offset jomts,

Pip& partially collapsad o coBapsa is mminant,

Tatal fallure of pagra,

Comcrese Plpe It (S ame

Sraight line between sections

i st it o misalignment. Tight with no defacrs
rop AL

Mror il A rsnT a1 [EnTS MAND SaTTe vt DNt
o pipe matensl sjRentt

Mz gntisnt of jeirits bt neinfln Samlimant
Dislncated end section, Bxtens ive aress of shallow
s oraion Minee crading.

lintagen ard plloeing bacl
cracking, spalling, o buckling of
offtat e than 3inches. End s ctigns dislomted and
£ drag-off from main gartion of the strumure,
i oy CEC L

LAl arnTial sreesom ant and sop sration ef o,
significans infilsrminn orexfiltraticn at joine. Joint
sl boks thar &indhe, Vaids sean in il hicugh offsst
joints. End seciions dropped off ot Inlet

Significant openings. Bislocate dicints 2t severa

Incations exposing fil matenal with join offsets graser

thart Sinchus Infiltraticn e wndiEration tusing

mizalgnment of gige andsetteme s or depressans in
i ik T it

Cutvert not funcioning dus o abgnment problems
thraughaut. Lange waids 2een In ANl through offaat joines

Tatal fallre of pise
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CMP Telusiti-plate Jodnty or Seams
10 |Miner omounts of cHlorescence or staining,
Light sarface rust on bolts due to lossof gabvanioing,
L 1 ——
etal s cracking on =ach side of 2 bok holes
3in aseam section. Minor seam opecings that sre fess
B than ' inch. Patante for backfil infiliration. More then

mizsing Eolts in arow. Rust scale around baolts

e ———

T Evidanca of backfi B infikration through seams.
Mpderate cracking m bok hobes along a s2am inone
suction. Badkfill bainglos through seam cesing slight

5] deflection. Les than Gmizsng bolts in s row or 208
afong the botal zeam
Major oracking of seam rear crown, infiltration of
oz cau sing major dedlectzon. Panial cockad and

5 [usmed seams. 1% section ks o bolt beadsalong
zeams.

Longitudingl cocked and cusped seams. Metal has 3 indhy

a crzsch on each gida of the bolthola nin for thaenting
Iength of the mbert. Missing or tipping bolts

3 Searn cracked from bolt to bok. Significant amounts of
o ek | ftr i,

2 |Plp= partia®y colagsed or collaps= isimminent.

1 |Tetal feibee o aipe

poiiis Seams

Saraight lina Eatusesn sctions,
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APPENDIX K: CULVERT PILOT DATA SUBMITTAL WEBINAR SLIDES

2018 Culvert Pilot

submittal from

Y

padsoft

|
Center for Te:hmbo;v&Trahirg‘

Dillrman 308
1400 Townsend Drive
Houghton, M| 459311295

(906) 487-2102
Readsoft@mtu.edu

wiww.roadsoft.org Julv 2018 A
Pilot Deadline FINISH

* Deadline to submit: TRl
« Monday, July 30, 2018 — 5:00 pm :

Submittal will become available following this
training: July 24, 2018 - 1:00 pm

*If you cannot meet the deadline, please contactthe CTT.

__|

Appendix K: Michigan Local Agency Culvert Inventory and Evaluation Pilot

CTT Staff

Nick Koszykowski

Principal Programmer

Chris Gilbertson
Senior Research
Engineer

Scott Bershing

Moderator/Culvert
Pilot Coordinator

Mary Crane
Senior Software
Engineer

Thank you for participating!
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* Roadway Surface
Type

Box |
* Multi-Cell
* 3-Si

oft types will also be acce
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3 Roadway Surface Type
(or Road Module if
collected)
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& Cpen 8 5eve © Oviee | @ Orw
| b

TAMC | AssetM Safety Analysis  Reporting LDC  Tools  Settings
1 - (County/City Does This) Export Network for LDC...
2 - (County/City Does This) Impart TAMC Data fram LDC...

3 - (County/City Does This) Export TAMC Data to Region...

4 - {Region Does This) Import TAMC Data from County/City...

5 - (Region Does This) Export TAMC File to Coundl (Individual County Files)...

Export Road Current Treatments by Location (Completed Fiscal Year)

Export Road Planned Treatments by Location (Wext 3 Fiscal Years)

Export Bridge Current and Planned Treatments by Location (Completed and Next 3 Fiscal Years)
Upload Culvert Pilot Data to €SS &
By Import Completed IRT Project Data...

Asset Management Plan Reporting...

Upload Culvert Collection Area (roads) File for the Council...

Appendix K: Michigan Local Agency Culvert Inventory and Evaluation Pilot 219
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to the bable

Appendix K: Michigan Local Agency Culvert Inventory and Evaluation Pilot

R [e—

—c—r |

T,

220



Reporting Collected Mileage Brainstorming Options

* Track area on paper when collecting and
then:
» Create a Routine Maintenance project
»Create a Filter from a map selection
format » Use other GIS program to create map
* Define a User-Defined field in the Road
Module and collect that field while out

* Must be reportable by collection day
* Must be in electronic geo-located

in the LDC
__| __|
Routine Maintenance Option Add Routine Maintenance
Type
* While collecting Culvert data, highlight
printed map to mark area :
* Then use printed map as a guide to -
select road segments in Roadsoft S
* Create a Routine Maintenance project T
for the selected segments
- —
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[ A o MUST first select the Collaction Ares on the msp.

=)
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TAMC | Asset M. t  Safety Analysis  Reporting LDC  Tools  Settings
1 - (County/City Does This) Export Nebwork far LOC...
2 - (County/City Does This) Impart TAMC Data from LDC..

3 - (County/City Does This) Export TAMC Data to Regiori..

4 - (Region Does This) Import TAMC Data from County/City...

5 - {Region Does This) Export TAMC File to Coundl (Indiidual County Files)...

Export Road Current Treatments by Location (Completed Fiscal Year)

Export Road Planned Treatments by Location (Wext 3 Fiscal Years)

Export Bridge Current and Planned Treatments by Location (Completed and Next 3 Fiscal Years)
Upload Culvert Pilet Data to CS§
Import Completed IRT Project Data...
Asset Management Plan Reporting...

» Collection |
»Upload

Upload Culvert Data File for the Council...

only selected roads
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Info for the cubsert collection road network (2823 segments - 838,807
rhiles) will be uploaded to C35. Continue?

:-Mb&uu@?ﬁ %{ : of
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aps, GIS Maps, etc emailed to
u -edu

225

Appendix K: Michigan Local Agency Culvert Inventory and Evaluation Pilot



Non-Roadsoft User Culvert

TR, it T e

Forbar | beie B Yineg

Ty e W ey

v a "
L M AT

B Convedts oraL |

LU R EEEEEENEMEEENYD BN NN

Appendix K: Michigan Local Agency Culvert Inventory and Evaluation Pilot 226



Next Steps Questions?

= CTT will create a follow-up survey for
participating agencies.

* CTT will work with the Michigan Department of
Technology, Management and Budget and assist
TAMC with compiling and disseminating data.

= CTT will work with the TAMC Bridge Committee
to complete a final report summarizing the
pilot, noting observations & lessons learned,
and highlighting best practices, by September
30, 2018.

dsoft

| (906) 487-2102
"' roadsoft@mtu.edu

www.roadsoft.org

y
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APPENDIX L: REGIONAL CULVERT MAPS

Figure 18: Western and central upper peninsula regional culvert data
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Figure 19: Northern lower peninsula regional culvert data
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Figure 20: Western lower peninsula regional culvert data
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Figure 21: Eastern lower peninsula regional culvert data
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Figure 22: Southwestern lower peninsula regional culvert data
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Figure 23: Southeastern lower peninsula regional culvert data
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APPENDIX M: FOLLOW-UP SURVEY

TAMC Michigan Local Agency Culvert Data Collection Pilot Project Follow-Up Survey

Thank you for participating in the Transportation Asset Management Council’s (TAMC) 2018
Michigan Local Agency Culvert Inventory Pilot Project. We realize that this project had an
extremely short timeframe and tight deadlines, and we appreciate the amount of effort it took
for your agency to participate.

Now that the data submittal deadline has passed, we’re hoping you’ll be able to take a few
minutes to participate in another survey asking about your experiences and to provide
feedback and suggestions for potential future culvert-related data collection activities. This
information will be used in the final report on the project and to determine best practices and
recommend procedures for the future across the State.

We sincerely appreciate all your efforts in asset management and thank you in advance for your
participation.

Sincerely,

Rebecca Curtis, TAMC Bridge Committee Chair

1) Which of the following best describes your culvert inventory and condition evaluation
program prior to participating in the pilot:
a. Culverts had not been inventoried or condition evaluated.
b. A portion of agency culverts had been inventoried, but none or very few have
had their condition evaluated on a routine basis (at least once every 5 years).
c. Most culverts had been inventoried and their condition evaluated on a routine
basis (at least once every 5 years).
2) How many culverts have been inventoried as part of this pilot?
a. What percentage of the culverts in your jurisdiction do you feel this represents?
(Note: enter 100% if you believe every culvert is included in your inventory data)
3) What culvert characteristics did you record?
a. Inventory ID

b. GPS Coordinates

c. Material Type

d. Asset Collection Date
e. Shape

f. Skew Angle

g. Length

h.

Span (width)
Rise (height/diameter)
j. Depth of Cover
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k. Roadway Surface Type
|.  Culvert Rating
m. Photographs
n. Other—
4) Which of these characteristics do you feel are important, or do you plan to continue to
record in the future?
a. Inventory ID

b. GPS Coordinates

c. Material Type

d. Asset Collection Date
e. Shape

f. Skew Angle

g. Length

h.

Span (width)

Rise (height/diameter)
j. Depth of Cover

k. Roadway Surface Type
|.  Culvert Rating

m. Photographs

n. Other—
5) How did you organize and store your culvert inventory data?
a. Roadsoft

i. If Not
ii. Do you use Roadsoft for other road asset data collection?
1. If so, please specify why Roadsoft wasn't used for this pilot (this
will help with future development of the software)?
b. ArcGIS (or similar)
i. Other
c. Other
6) How frequently do you plan to evaluate the condition of your culverts?
a. Will the frequency vary depending on culvert size, material, condition of
roadway above, or other properties?
7) How do you plan to use the data you've collected as part of this pilot?
8) If you collected both inventory and condition data, did you do it at the same time?
a. Yes:
i. Please describe the procedures you used to collect the data at the
same time.
ii. Please describe the tools you used to collect the data at the same
time.
iii. Do you have any recommendations for tools for inventory or
condition evaluation that helped with collecting data at the same
time, based on your agency's experience with the pilot?
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i. Please describe the procedures you used to collect the data.

ii. Please describe the tools you used to collect the data.

iii. Do you have any recommendations for tools for inventory or
condition evaluation based on your agency's experience with the
pilot?

9) Do you have an estimate of time it took to collect the data for each culvert? Location,
physical attributes, condition, etc?

10) Do you have an estimate on the cost to collect the data for each culvert? Location,
physical attributes, condition, etc?

11) Do you have any feedback on personnel necessary to collect the data for the pilot
project - did you use 1,2 or more persons?

12) What time of the year would you recommend for future data collections?

13) What procedures did you use to collect inventory and condition data?

14) If you did not complete your inventory, do you have plans to do so outside of the
project?

15) If you did not complete your condition assessments, do you have plans to do so outside
of this project?

16) Did you or your crew experience anything odd/surprises/something worth sharing (ie —
critters, other unexpected things)?

17) Please share any other comments regarding the TAMC 2018 Michigan Local Agency
Culvert Inventory Pilot Project or your agency’s current culvert inventory and condition
evaluation program.

18) Would you be willing to be interviewed over the phone for more information and details
regarding your responses to this survey?

19) Agency —

20) Name —

21) Email -

22) Phone number —

Any further narrative or comments can be sent via email to Scott Bershing at the Center for
Technology & Training at bersh@mtu.edu.
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APPENDIX N: SAMPLE CULVERT ASSET MANAGEMENT DOCUMENT

Purpose: This section should discuss the motivation behind creating and implementing a culvert
management program. Possible motivations include maximizing useful service lives of culverts,
implementing proactive maintenance over reactive replacement or rehabilitation, using funding
in the most cost-effective manner, etc. An example is provided below:

The ___ County Road Commission (_CRC) seeks to implement a cost-effective program of
preventive maintenance to maximize the useful service life of the local culverts under its
jurisdiction.

The agency recognizes that limited funds are available for improving the culvert network.
Preventive maintenance is a more effective use of these funds than the costly alternative of
major rehabilitation or replacement, and we seek to identify those culverts that will benefit
from a planned maintenance program.

Goal: This section should summarize the broad, overall goal of the culvert management system.
An example is provided below:

The goal of the culvert management system is the preservation of the County’s culvert
network in a cost effective manner.

Objectives: This section should discuss measurable outcomes specifically leading to the
achievement of the stated goals. Possible objectives could include establishing the current
condition of your agency’s culverts, implementing preventative maintenance techniques and
rehabilitating / replacing deteriorated culverts, identifying funding sources, prioritizing action in
a cost efficient manner, having all culverts above a certain condition rating, etc. An example is
provided below:

The _CRC’s objectives in implementing a culvert management program include:

e Establishing the current condition of culverts;
e Developing a “mix of fixes” that will:
O Program regular scheduled maintenance actions to impede deterioration of culverts
in satisfactory or above condition;
0 Implement selective corrective repairs or rehabilitation to degraded culvert elements
to restore functionality;
0 Identify and program those eligible culverts in need of replacement;
e |dentifying available funding sources;
0 Dedicated County resources;
0 Maximize opportunity to obtain other funding;
e Prioritizing the programmed actions within available funding limitations;
e Having 80% of culverts rated as satisfactory to excellent and less than 10% classified as
serious to failed within 10 years.
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Performance Measure: This section should discuss specific metrics for determining the success
of a culvert management system. An overarching metric for performance is the increase in
service life at a certain condition state. Some methods of measuring this performance rely on
knowledge of how long culverts will perform at a certain condition rating; this knowledge
comes from tracking past performance or relying on estimates. If your agency does not have
knowledge of the average service lives of different culvert materials an alternative performance
metric could more simply be the increase in condition rating by certain maintenance actions,
annual changes in the number of culverts rated at a certain condition level, or some
combination of all of these metrics. An example is provided below:

Several metrics will be used to assess the effectiveness of the culvert management plan.
_CRC will monitor and report the annual change in the number of its culverts rated
satisfactory to excellent (7 or higher) and the annual change in the number of serious to
failed culverts. A tracking graph will be used to monitor progress toward an objective of
having 80% of the County’s culverts rated satisfactory to excellent and less than 10%
classified as serious to failed.

Tracking Graph

0%
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
% satisfactory or above goal % in satisfactory or above condition

% serious or below goal % in serious or below condition

Figure 24: Tracking Graph
The preservation plan is intended to extend the period of time that culverts remain in
condition states satisfactory to excellent, thereby increasing their useful service life and
reducing future maintenance costs. Based on past inspection records and condition ratings,
the CRC will establish a baseline of past performance by determining the average period of
time that a culvert remains in satisfactory to excellent condition. The performance measure
will be the increased average amount of time at the satisfactory to excellent condition state
after implementation of the preservation strategy when compared to the base line time
before the implementation.
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Culvert Assets & Condition Analysis: This section should outline general information about
your agency’s culvert inventory and condition ratings. Consider a breakdown of culverts by

material type, structure type, or other relevant features and list percentages of culverts in each

condition rating in accordance with your agency’s goals. Compare your inventory with the

statewide inventory and draw conclusions about the relative state of your culverts. Attach full
inventory data as an Appendix to the document if there is too much data to be presented in the
body of the report. Include proposed maintenance actions in the appendix as well if there have

been actions proposed. An example is provided below:

_ CRC s responsible for 420 culverts. Detailed inventory data, condition ratings, and
proposed preventive maintenance actions for each culvert are contained in tables in the
appendices. The culvert inventory and condition evaluation data was obtained from the
Michigan Local Agency Culvert Inventory & Condition Evaluation Pilot in accordance with

FHWA specifications. A summary and distribution of the culvert population is presented in

the following table:

Table 1. _CRC Culvert Inventory and Condition Ratings

2018 Condition Rating
Culvert Type | #of culverts
1 2 3 4 5 6 7 8 9 10
CMP 153 3 5 10 2 9 19 33 46 26 3
Concrete 189 0 7 8 5 14 39 43 49 19 2
Plastic 59 1 4 1 2 0 9 20 15 8 4
Masonry 3 0 0 0 0 0 2 0 1 0 0
Timber 0 0 0 0 0 0 0 1 0 0
Slab & Abutment 15 0 0 0 2 0 0 2 10 0 1
1.0% 3.8% 4.5% 2.6% 5.5% 16.4% 23.3% 29.0% 12.6% 2.4%
Serious or Lower Satisfactory or Better
11.9% 67.4%

Of the _CRC’s 420 structures, 153 are corrugated metal pipe (CMP), 189 are concrete, 59 are
plastic, 3 are masonry, 1 is timber, and 15 are slab and abutment. The distribution of overall
condition is: 11.9% are at a serious to failed condition state, 88.1% are at a satisfactory or
better condition state. Statewide, MDOT’s statistics for local agency culverts show that 9.0%
are at a serious to failed condition state and 91.0% are at a satisfactory to excellent
condition state, indicating that _CRC has a greater percentage of serious to failed culverts
compared to the statewide average for local agencies.

Certain culverts rated in serious or lower condition require replacement or major
rehabilitation. Many of the remaining culverts require one-time preventive maintenance
actions to repair defects and restore the structure to a higher condition rating. Most culverts
are included in a scheduled maintenance plan with appropriate maintenance actions
programmed for groups of culverts of similar material and type, bundled by location.

Risk Management: This section should discuss risks associated with culverts and propose a plan
to help mitigate these risks such as the establishment of a regular inspection program and an
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operations and maintenance program. Details of these programs should be discussed as well as
they relate to risk mitigation. An example is provided below:

The _CRC recognizes that potential risks associated with culverts generally fall into several
categories:

e Personal injury and property damage resulting from a culvert collapse or partial failure;

e [oss of access to a region or individual properties resulting from culvert closures,
restricted load postings, or extended outages for rehabilitation and repair activities; and

e Delays, congestion, and inconvenience due to serviceability issues, such as poor quality
riding surface, development of sinkholes, etc.

The _CRC addresses these risks by implementing a regular culvert inspection program and a
preservation program of preventive maintenance. _CRC administers the biennial inspection
of its culverts in accordance with the FHWA suggestions. The inspection reports document
the condition of _CRC'’s culverts and are evaluated to identify new defects and monitor
advancing deterioration. A summary inspection report is then generated and identifies items
requiring follow-up special inspection actions and recommends culvert-by-culvert
maintenance activities.

The preservation program identifies actions in the operations and maintenance plan that are
preventive or are responsive to specific culvert conditions. The actions are prioritized to
correct critical structural safety and traffic issues first, then to address other needs based on
the operational importance of each culvert and the long term preservation of the network.
The inspection results are used to modify and update the operations and maintenance plan
annually.

Preservation Strategy: This section should discuss specific actions for improving / maintaining
culvert condition and should discuss the priority of each action. Many agencies employ a “Mix-
of-Fixes” strategy that incorporates replacement, rehabilitation (R&R), preventive maintenance,
and scheduled maintenance simultaneously to address numerous types of culvert concerns. An
example is provided below:

__CRC'’s culvert management system employs a balanced “Mix of Fixes” strategy made up of
Replacement, Rehabilitation, Preventive Maintenance, and Scheduled Maintenance. The aim
of this plan is to address culverts of critical concern by targeting the poorest rated elements,
and improve the overall condition of the culvert network to satisfactory to excellent
condition.

Replacement involves complete structure replacement, and is intended to improve critical to
failed culverts to an excellent condition rating.
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Rehabilitation is undertaken to extend the service life of existing culverts. The work will
restore deficient culverts. Rehabilitation actions are intended to improve serious to fair
condition culverts to an improved condition state.

Preventive Maintenance work will improve and extend the service life of fair or poor
condition culverts. Preventive Maintenance projects are directed at limited culvert elements
that are rated in fair or poor condition with the intent of improving these elements to a
satisfactory or greater condition rating. Most preventive maintenance projects will be one-
time actions in response to a condition state need. Routine preventive work will be
performed by the County’s in-house maintenance crews, while the larger more complex
work will be contracted.

__CRC’s Scheduled Maintenance program is an integral part of the Preservation Plan, and is
intended to extend the service life of satisfactory to excellent structures by preserving the
culverts in their current condition for a longer period of time. Scheduled maintenance is
proactive and not condition driven. In-house maintenance crews will perform much of this
work.

The “Mix of Fixes” strategy combines long-term replacement, medium-term rehabilitation,
and short-term preventive maintenance with a regular program of scheduled maintenance.
Implementing this balanced mixture, as described in the Operations and Maintenance Plan
below, will increase the number of culverts improved each year and preserve the overall
health of _CRC'’s culvert network.

Implementation of the Strategy: This section should discuss how your agency plans to
implement its developed strategy. This includes discussion of specific maintenance actions, and
references to your agency’s specific culvert inventory needs. An example is provided below:

__CRC’s implementation of a culvert management system strategy begins with an annual
review of the current condition of each of the County’s culverts using biennual inspection
data and the inspector’s work recommendations from the Roadsoft inspection records. The
inspection inventory and condition data are consolidated in a spreadsheet for CRC’s
culverts in the appendix. Preventive maintenance needs are determined for each culvert and
the corresponding actions are identified and assembled on a spreadsheet, sorted by culvert
material and type in the appendix along with inspection follow-up actions.

The preservation actions are selected in accordance with criteria contained in the table
below. These criteria are based on research into other agencies effective actions. _CRC has
modified the selection criteria slightly to better address its local culvert network.
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Table 2. Preservation Actions (NOTE: use this list as an example ONLY)

] ] o Expected
Action Culvert Selection Criteria P
Improved
Replacement
Overall condition rating < 4, rehabilitation exceeds cost of
Total Replacement i 10
replacement or does not add as much benefit
Structural Segment |[Structural deterioration rating < 5, rehabilitation exceeds 9
Replacement cost of replacement or does not add as much benefit
Headwall Scour rating < 5, if headwall already present, rehabilitation 9
Replacement exceeds cost of replacement or does not add as much
Embankment Scour rating < 4, excessive loss of embankment that cannot 9
Replacement be rehabilitated
Rehabilitation
. Invert deterioration rating < 3, CMP material, replacement
Invert Paving e 9
exceeds cost of rehabilitation
Concrete Crack
Sealing w/ Invert or structural deterioration rating < 4, concrete 8
fiberglass plastic material, replacement exceeds cost of rehabilitation
mortar (FPM)
. ) Invert deterioration rating < 4, replacement exceeds cost of
Slip lining with PVC o & P 7
rehabilitation
Preventative Maintenance
Concrete crack Invert or structural deterioration rating < 7, concrete 7
sealing with mortar |material
Structural deterioration rating < 7, bolts are reason for
Bolt replacement . . . 7
deterioration rating
Full painting Invert or structural deterioration rating < 5, CMP material 8
Scheduled Maintenance
Debris clearing Blockage rating < 9 9
Spot Painting Invert or structural deterioration rating < 7, CMP material 7
Vegetation Control |Blockage rating <9, vegetation is a cause of blockage 9
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Cost Estimate: This section should briefly discuss how cost estimates are generated for each
preservative action. Discuss specific documents and references used to establish cost
estimates. An example is provided below:

_CRC computes the estimated cost of each typical preservation action using unit prices
based on previous culvert work performed within the county. The cost of items of varying
complexity, such as maintenance of traffic, staged construction, scour countermeasures,
etc., are computed on a culvert-by-culvert basis. The cost estimates are reviewed and
updated annually.

Operations and Maintenance Plan — Annual Activities / _-Year Program: This section should
discuss the specific culverts from your inventory that will undergo preservative action within a
specified time frame. Different plans can be made for different objectives such as one plan for
restoration actions and another for preservative actions. Standard time frames for operations
and maintenance plans are often five or ten years, although varying time frames can be
specified based on short- and long-term goals. The subsections will discuss the criteria for
selecting these specific culverts and forecast anticipated costs. An example is provided below:

A primary objective of _CRC’s preservation plan is improvement of the 142 culverts rated fair
or lower to a rating of satisfactory or higher within ten years through a program of
replacement, rehabilitation, and preventive maintenance actions. The work has been
prioritized considering each individual culvert’s needs, its criticality, present cost of
improvements, and impact of deferral (cost increase due to increased degradation). A
corresponding five-year program incorporates comprehensive annual scheduled
maintenance activities designed to preserve culverts currently rated satisfactory or higher
with the objective of extending their useful service life.

Project Prioritization Criteria: This section discusses the methods used to determine which
projects should be performed first. Describe how your agency plans to perform projects in the
most logical, cost-efficient manner. A tabulated breakdown of prioritizing criteria may be
considered if warranted for your agency’s specific prioritization method. An example is
provided below:

_CRC uses a risk-based model for project prioritization based on the condition and criticality
of a culvert. Criticality is determined from specific criteria including:

Availability, length, and cost of detour routes in event of culvert failure

Average daily traffic passing over culvert

Replacement cost in event of culvert failure

Culvert failure’s impact on local ecosystem, including fish and other aquatic organism
passage

Potential for property loss and personal injury resulting from failure

Cost increase due to maintenance deferral and continued deterioration

O 0O O O

o O
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A culvert’s criticality is assigned a rating on a 1-10 scale on a culvert-by-culvert basis based
on this criterion, with 10 being least critical and 1 being most critical. A culverts criticality
rating is then multiplied by its condition rating to achieve an overall score representing
culvert risk. Culverts with the lowest scores are considered high risk culverts and are
generally prioritized first. Culverts with the highest scores are considered low risk culverts

and are generally prioritized last. Risk is estimated on an annual basis based on changing
condition ratings and criticality criteria.

_-Year Annual Cost Projection: This section should be formatted as a table displaying costs for

specific projects broken down by year performed and preventive action performed. An example
is provided below:

Table 3. 5-Year Cost Estimate (NOTE: Shortened for brevity, use this list as an example ONLY)

Year
Culvert ID
2019 2020 2021 2022 2023
Replacement
Subtotal
Rehabilitation
Subtotal
Preventative Maintenance
Subtotal
Scheduled Maintenance (Non-culvert specific)
Subtotal
Annual Totals
Annual Total
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Identify Funding Sources: This section should identify funding sources to carry out the
proposed culvert management program, including dedicated country resources and outside
funding opportunities, such as state or federal grant programs. Reference specific projects in
which funding has been acquired. An example is provided below:

Projects for the replacement of culverts 1648 and 1670, and the rehabilitation of 1711 have
been programmed and funded. The _CRC applied for MDOT local aid funding in 2018 for the
replacement of culverts 1675 and 1678 in the 2020 & 2021 program years, respectively.
Other replacement and rehabilitation projects will be submitted for funding in subsequent
program years. The preventive maintenance projects shown for 2019 will be funded through
a County appropriation of 575,000 for culvert preservation. Projects submitted to the local
aid program that are not selected for funding will be added to the County program. The
scheduled maintenance and minor repairs will be performed by the County’s in-house
maintenance forces and funded through the County’s annual operating budget.
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