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[Proposed] Nomination of Innovation Ready for Implementation
Sponsor
Nominations must be submitted by an AASHTO member DOT willing to help promote the innovation. If selected, the sponsoring DOT will be asked to promote the innovation to other states by participating on a Lead States Team supported by the AASHTO Innovation Initiative.
1. Sponsoring DOT (State):  Wisconsin Department of Transportation
2.  Name and Title: David Esse, DTSD Innovation & Technology Program Chief
    Organization:  Wisconsin Department of Transportation
    Street Address:  4822 Madison Yards Way
    City:  Madison
    State:  Wisconsin
    Zip Code:  53705
    Email:  david.esse@dot.wi.gov
    Phone:  608-261-6068
    Fax:  n/a
Innovation Description (10 points)
The term “innovation” may include processes, products, techniques, procedures, and practices.
3. Name of the innovation:
WisDOT Culvert Asset Management Program (CAMP)



4. Please describe the innovation. 
Wisconsin DOT's Culvert Asset Management Program (CAMP) Team set out to gather culvert condition data in an efficient, electronic, accessible and mobile format with intent to share the data across the organization for consumption by various decision-makers at different levels in the organization. This innovation blends process improvement with mobile devices and modern GIS technology. The CAMP Program leverages Esri’s Collector application used in the field on iPads that pushes data to ArcGIS Online where data is accessed through a Web-based maps and an operational dashboard.
5. What is the existing baseline practice that the innovation intends to replace/improve?
WI culvert data was gathered in different ways and stored in different locations and formats across WisDOT's eight regional offices. There was not real-time, reliable view of culvert condition for planners, asset managers, or highway maintenance workers. If a culvert replacement was identified, Maintenance Engineers had little data at their fingertips to know whether a culvert should be replaced as a standalone maintenance project or should be addressed as part of an upcoming roadway improvement project.  
6. What problems associated with the baseline practice does the innovation propose to solve?
The most important piece perhaps was answering the questions of “Where is it and what condition is it in?”.  In the past there was potential for a culvert to be repaired or replaced as a maintenance project, then again during a full improvement project (reconstruct), which led to extra cost and interruption for the travelling public. This innovation provides the WisDOT engineering community with answers to these questions and improves the synchronization, consistency, and availability of data. As mentioned, the baseline practice included multiple data sources in a variety of formats including paper. Getting to one data source with consistent fields allows for statewide rollup; leading to better prioritization and risk-based decision making where needed. The other issue was efficiency of the data collection. Previous methods involved duplication of effort as inspectors wrote notes on paper and translated that data to spreadsheets and documents later. This also included manually downloading and naming and digital photos taken – a process that was improved though use of iPads with integrated cameras.
7. Briefly describe the history of its development. 
This innovation followed DTSD’s five-step innovation method (incubate, demonstrate, pilot, communicate, implement). The CAMP program began as an idea submission that was incubated in the NC Region office. After vetting the idea, research was done to see what products or practices were in place in other organizations. Once information as gathered, idea was moved to a pilot project where practitioners were able to put the process and technology to the test. During the pilot GIS professionals from WisDOT’s IT Bureau were brought in to assist in the development of electronic forms, databases, and map layers. Once the pilot was complete, the CAMP Team analyzed the outcomes and recommended that this should be a statewide best practice.  After communicating the results of the successful pilot, an implementation plan was created that included budget, timeline, training, hardware and software needs and overall implementation support needs. In more recent news, WisDOT’s Culvert Asset Management Program (CAMP) was honored for special achievement in use of Geographic Information Systems (GIS) technologies at the 2020 annual conference (held virtually) of the mapping and spatial analytics company, Esri. The special achievement awards are meant to show appreciation for organizations using GIS to understand complex data and meet challenges around the world. WisDOT’s project was recognized from a field of 300,000 other candidates.  
8. What resources—such as technical specifications, training materials, and user guides—have you developed to assist with the deployment effort? If appropriate, please attach or provide weblinks to reports, videos, photographs, diagrams, or other images illustrating the appearance or functionality of the innovation (if electronic, please provide a separate file). Please list your attachments or weblinks here.


        
Attach photographs, diagrams, or other images here. If images are of larger resolution size, please provide as separate files.
			
			
			


State of Development (40 points)
Innovations must be successfully deployed in at least one State DOT. The AII selection process will favor innovations that have advanced beyond the research stage, at least to the pilot deployment stage, and preferably into routine use.
9. How ready is this innovation for implementation in an operational environment? Please select from the following options. Please describe.
☐ Prototype is fully functional and yet to be piloted  
☐ Prototype has been piloted successfully in an operational environment  
☐ Technology has been deployed multiple times in an operational environment
☒ Technology is ready for full-scale implementation
WisDOT began implementation in 2019 and continues to implement as a statewide practice in 2020.
10. What additional development is necessary to enable implementation of the innovation for routine use? 
Expansion of the program requires deployment of additional iPads. Other than that, the only additional development needed at this point is configuration when new versions of the Collector application are available. 
11.  Are other organizations using, currently developing, or have they shown interest in this innovation or of similar technology??  ☐ Yes  ☐ No   ☒ Unknown
If so, please list organization names and contacts. Please identify the source of this information.
	Organization
	Name
	Phone
	Email
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Potential Payoff (30 points)
Payoff is defined as the combination of broad applicability and significant benefit or advantage over baseline practice.
12. How does the innovation meet customer or stakeholder needs in your State DOT or other organizations that have used it?
The implementation of the CAMP program has created an efficient and consistent inspection program for WI culverts that leads to stronger asset management and improved coordination across multiple functional areas including planning, construction, operations and maintenance. For example, the Department now can lay culvert data over two, four and six-year improvement program data to make decisions on when and where to replace culverts. In addition to data improvements, there is also an operational efficiency gained as part of this implementation.
13. Identify the top three benefit types your DOT has realized from using this innovation. Describe the type and scale of benefits of using this innovation over baseline practice. Provide additional information, if available, using quantitative metrics, to describe the benefits. 
	Benefit Types
	Please describe:

	Organizational Efficiency
	
Previous methods involved duplication of effort as inspectors wrote notes on paper and translated that data to spreadsheets and electronic documents later. Inspectors also had to take photos on a separate camera and manually download/name/sort the digital photos taken – a process that was improved though use of iPads with integrated cameras and access to storing the photos based on location as part of the culvert record. The process also automatically maps culvert locations, which was also a manual process prior to implementation.
	Improved Asset Performance
	



The implementation of the CAMP program has created an efficient and consistent inspection program for WI culverts that leads to stronger asset management and improved coordination across multiple functional areas including planning, construction, operations and maintenance. For example, the Department now can lay culvert data over improvement program data to make decisions on when and where to replace culverts and decide if the replacement is a standalone maintenance project or addressed as part of a future roadway improvement project. 
	Improved Safety
	
Safety improvements come from improved access to data through via inspections. We can now filter the data based on condition, look at daily traffic rates and make risk-based, prioritized decisions on culverts that need to be repaired or replaced immediately.


Provide any additional description, if necessary:
In Wisconsin, roadway maintenance is done through contracts with each of our 72 Counties and the implementation of the CAMP program included County participation. County maintenance engineers are set up with iPads and granted access to our GIS platform so they can inspect and publish data.  This important partnership increases efficiencies and transparency along with ensuring data is being collection in the same format across the state for “big picture” analysis. 
14 How broadly might this innovation be deployed for other applications in the transportation industry (including other disciplines of a DOT, other transportation modes, and private industry)?
At the root of this innovation is field data collection. The idea of collecting field-based data and publishing it to enterprise platforms is applicable to many areas in the transportation industry – both in private and public sectors. For example, field data collection as a process improvement is supported by national initiatives like eConstruction where the goal is to conduct business in a paperless environment.  Collecting data in the field in an electronic format is really one of the foundational pieces to implementing eConstruction. 
Market Readiness (20 points)
The AII selection process will favor innovations that can be adopted with a reasonable amount of effort and cost, commensurate with the payoff potential.
15. What specific actions would another organization need to take along each of the following dimensions to adopt this innovation?
	Check boxes that apply
	Dimensions
	Please describe:

	☒
	Gaining executive leadership support
	
As with any large-scale, statewide implementation, support by executive leadership is extremely important. Without this support in place, implementation may be viewed as selective and not mandatory. It is also important when seeking resources needed ($$ and FTE) to develop, implement and sustain. 
	☒
	Communicating benefits
	
Communication is an integral step in the WisDOT innovation process because it is how we gain support from practitioners, managers and executives. It is also an opportunity to “tell your story” to the public and build trust with our stakeholders. 
	☒
	Overcoming funding constraints
	
Funding is always a challenge and why it is important to take incremental steps (e.g. pilot projects) and make sure an acceptable Return on Investment (ROI) exists. 
	☒
	Acquiring in-house capabilities
	
Sustaining implementations such as this takes champions and organizational ownership. With this often comes the need to develop in-house capabilities at a business unit (practitioner) and enterprise level to ensure a viable support model is in place.
	☐
	Addressing legal issues (if applicable) (e.g., liability and intellectual property)
	
Click or tap here to enter text.
	☐
	Resolving conflicts with existing national/state regulations and standards
	
Click or tap here to enter text.
	☐
	Other challenges
	
Click or tap here to enter text.


16. Please provide details of cost, effort, and length of time expended to deploy the innovation in your organization.
Cost:  Cost included software development time, app configuration time, hardware (iPads), and software licensing for ArcGIS Online. Actual staff time was relatively low as the pilot team was small. During implementation, training for WisDOT and County staff was provided through a series of face to face events conducted by the CAMP team.    
Level of Effort:  Moderate. Most of the heavy lifting was because this was the first use case for AGO + Collector at WisDOT. There was a bit of a learning curve on both the business and IT sides. For organizations who already have AGO (or other GIS platforms) in place, this should be a straight forward implementation.
Time:  Total time from incubation all the way to implementation was approximately 1.5 years. During the project we had some staff turnover, which caused some delay and again, the steep learning curve of new technology was a contributing factor to this time. Any DOT that has the foundation in place should be able to implement in much less time. 
17.  To what extent might implementation of this innovation require the involvement of third parties, including vendors, contractors, and consultants? If so, please describe. List the type of expertise required for implementation.
 Partnership with Esri was very helpful in understanding the technology and any best practices for data structure, license model and overall platform capability. 
4
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Highway Culverts

‘ Condition Rating Codes:

1 Good - like new

2 Fair—some wear, but structurally sound

3 Poor— deteriorated, consider for repair or replacement

4 Severe —serious deterioration

5 Uninspectable - not able to rate, not visible

Notes:
e Immediately reportany unsafe road problems to the region Highway Maintenance Engineer.

e Drainage featuresare rated on structural integrity and ability to perform their functions. Need for cleaningis
NOT part of the Overall Conditionrating.

e Thisguideisusedto rate the condition of pipe culverts, and concrete box culverts (with openings of less
than 20 ft?)

WisDOT Bureau of Highway Maintenance:
Amy Brooks

(608) 246 — 5396
amy.brooks@dot.wi.gov

Revised 4/27/2020
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What is a Culvert

Return to Table
of Contents

Culvert versus Storm Sewer:

1. If the primary purpose is to carry storm water across the road, then it’s a culvert

A culvert can have up to 2 structures (carrying pavement drainage) as long as the pipe
mostly conveys water from ditch to ditch

A culvert can have another pipe that connects into the culvert pipe that brings in ditch
drainage

A culvert can have bends

A culvert can have a drop inlet. For example, a pipe that collects water from the ditch or
paved shoulder and conveys it under the roadway is a culvert, even if it has a structure
on the upstream end

2. If the primary purpose is to carry storm water off the road surface, it's a storm drain

Storm drains have one or more pipes, but at least one inlet directly collects pavement
runoff

A system with a network of pipes is typically a storm drain

Storm drains can outlet into a culvert. This can occur when a multi-pipe storm drain

system discharges into a large culvert that carries water through the roadway
embankment
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Each culvert inspector must have at least one of the following qualifications:

Bachelor degree in engineering from ABET accredited college or university
Associate degree in engineering from ABET accredited college or university

A junior level student in engineering from ABET accredited college or university
At least 2 years of field inspection of crews installing culverts

Foreman or Crew chief performing culvert installation for at least 2 years

Additionally, each culvert inspector must have the following:

Experience with smart phone/tablet technology

An accepted invitation to join the Culvert Inventory group hosted on WisDOT’s ArcGIS Online
dotMaps webpage

1 or 2 days of field mentorship completing culvert inspections with oversight of a trained
culvert inspector

Familiarity with Wisconsin’s culvert inspection manual and have a competency level sufficient
to apply the rating system for each culvert attribute

Able to identify Poison lvy, Poison Oak, Poison Sumac, Wild Parsnip and other poisonous plants.

Culvert inspectors should be able to:

Perform the following physical tasks:

o Walkon riprap and steeps slopes

o Climb over fences and guardrail

o Follow Department best practices when working close to live traffic

o Work comfortably in or near water, wearing appropriate personal protective equipment

when appropriate

o Perform other similar field tasks
Be prepared to work in demanding conditions included cramped spaces, rugged terrain, steep
embankments, in and around water and able to carry tools and equipment
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The Bureau of Highway Maintenance (BHM) will manage the inventory and inspection of culver assets.
These include all standard bid item pipe culverts and any pre-engineered products not meeting any of
requirements listed in the following section including, but not limited to, the following:

Culvert Pipe Corrugated (Aluminum, Polyethylene, Polypropylene, Steel, Steel Aluminum
Coated, Steel Polymer Coated)

Culvert Pipe Reinforced Concrete

Culvert Pipe Reinforced Concrete Horizontal Elliptical

Storm Sewer Pipe Composite

Storm Sewer Pipe Non-reinforced Concrete

Storm Sewer Pipe Reinforced Concrete

Storm Sewer Pipe Reinforced Concrete Elliptical

Storm Sewer Pipe Corrugated Polyethylene and Polypropylene

Concrete Box Culverts (with openings of less than 20 ft?)

Figure 1 Inspecting Interior of Pipe (Source: WisDOT)
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What Not to Inspect

Steel Structural Plate Culverts:

Steel structural plate culverts consist of corrugated steel sections that are bolted together to form the
required shape. The corrugated sections are commonly referred to as plates and have a corrugation
profile that is formed perpendicular to the length of the culvert bridge. Structural plate culverts are
specified where the pipe required exceeds the size that can be shipped to the job site, or where earth
cover is so great that the wall thickness furnished by a shop-manufactured pipe will not meet design
requirements.

Figure 2 Steel Structural Plate Culvert

Structural plate culverts are considered ancillary structures and are inspected by certified bridge
inspectors. Structural plate culverts will appear inthe HSI structure layer. During an inspection, if a
structural plate culvert (culvert with bolts) is identified but does not show up as a culvert inthe HSI
structure layer, complete the inspection and provide the region maintenance engineer the location
(latitude/longitude) and a picture. The contact information for the region maintenance engineers is
provided inthe Critical Finding section of this manual.
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Small Bridge Structures require a unique design and have a clear opening of 20 feet or less measured
along the centerline of roadway. This includes:

Bridge like structures (i.e. Deck, Girders, Flat slabs, etc.)

Single and multi-cell box culverts (with opening 20ft2 or greater)
Rigid frames

Arches

Structures without a floor slab (including arches on footings)
Metal bolted plate structures

Structures meeting this definition will be inventoried in the Highway Structures Information System
(HIS), managed by the Bureau of Structures (BOS), and inventoried/inspected under the direction of
the Regional Ancillary Inspection Engineer.

10
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Definitions
Table 1 Definitions

Term Definition

Abrasion Surface abrasion is caused by the erosive action of silt or sand found in fast moving
water.

Cocked Seam Impropererection or fabrication of steel plates can resultin cocked seams or cusped
effectsinthe structure at the seam.

Deformation The shape of the culvertisdistorted, flattened or
ovaled. ® & ¢ ©

O & D D

07 5% IPA 10%
Estimate Deformation
Delamination Delamination occurs as the reinforcing steelrusts. The rusted reinforcement requiresa
greaterspace than the original reinforcing bars, creating stressin the pipe wall. This

stress eventually resultsin aseparation (delamination) of the concrete above and/or
below the reinforcement.

Erosion/Scour Erosion or channel degradation has occurred as evidenced by agully or loss of
vegetation; caused by waterflows.

Exfiltration Evidence that wateris seepingout of the pipe through a joint.

Infiltration Evidence that soil or wateris seepinginto the pipe through a joint.

Inslope Cavity A hole inthe embankment of the roadway above an apron or pipe joint. Usually found

inareas where joint separation has occurred.
Joints Separation The joints between two pipe sections are separated (lengthwise). May allow soil to
infiltrate into pipethrough openjoint.

Misalignment The pipe sections are offsetand alignmentis bad.
Piping Water is flowing alongside the outside of the pipe (causes loss of soil in roadbed).
Pitting/Rusting Small pits are visible in the surface of the pipe, orif metal is rusted but still solid
Repairunderroad | Ifa repairisneeded, the
i needepd repairislocated Fore I‘i Road *)1
slope between the two Shoulder P-l—~— i S—
shoulderhinge points (point Dit-ih . Ditch >/
of intersection wherethe ’ _ ' _
. . Repair needad Culvert Pipe
road surface intersects with
the fore slope). Repair under Road
Road Distress Pavement problem such as bump, dip, patch or crack. These distresses are indicators or
possible loss of roadbed materialthrough poor condition of culvert.
Scaling Scalingis the gradual loss of surface aggregates and cement past caused by chemical

degradation. Scalingis mostly caused by deicing chemicals. Ponded salt waterin the
culvertflow line is the usual culprit.

Spalling/Flaking Flat chips of concrete are lost from feature's surface or if metal, flakes of rust are falling
away
VoidinRoad Evidence of a loss of soil from the road around or nearthe pipe or other feature.

11
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Pipe Shape
" Dia me{er—-‘ | Width |
Height
|
Figure 5 Pipe Shape - Round Figure 3 Pipe Shape - Horizontal Elliptical Figure 4 Pipe Shape - Box
Figure 6 Pipe Shape - Arch
Pipe Terms

Cover (Fill over pipe)

Spring Line

Haunch Pipe Section

Invert

Figure 7 Pipe Terms

12
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Critical Finding

A critical finding is defined as an element of a culvert
discovered either by culvert inspection or notification by
the public, which critically threatens the structural
stability of the culvert and/or public safety.

Potential findings which may warrant a critical finding
designation are as follows:

e Plugged pipe (more than 75 percent blockage)

e Holes in the paved road surface

e Major sail infiltration through joints

e |f the invert is completely corroded or abraded

e Indications of voids around pipe or loss of road
fill including piping

During an inspection, if a critical finding is identified,
enter “Y” in the Critical Finding field. Notify the area
maintenance engineer immediately. Provide the
maintenance engineer with pictures of the element(s)
that warrant the critical finding designation.

, A =? NE L i el e

Figure 8 Critical Finding (Source: WisDOT)
Table 2 Maintenance Engineer Contact Information

Program

‘ Region/Office Manager Phone E-mail

North Central, Rhinelander TBD

North Central, Wisconsin Rapids | Kevin Garrigan (715) 421-8386 Kevin.garrigan@dot.wi.gov

Northeast, Green Bay Doug Wiegand (920) 366-0230 Douglas.wiegand @dot.wi.gov

Northwest, Eau Claire Paul Gingras (715) 836-3038 Paul.gingras@dot.wi.gov

Northwest, Superior David Deblaey (715) 392-7965 David.deblaey@dot.wi.gov

Southeast, Waukesha JasonJilling (262) 548-5932 Jason. jilling@dot.wi.gov
AllanJohnson (608) 789-7877 Allan.Johnson@dot.wi.gov

SRSk Bob Hanifl (608) 792-1361 | Robert.hanifl@dot.wi.gov
Brian Rice (608) 516-6502 Brian.rice@dot.wi.gov

Southwest, Madison John Marchewka (608) 246-7915 Johnr.marchewka@dot.wi.gov

Table Revised 4/16/2020
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Uninspectable Culverts

Some culvert pipes will not be able to be rated for various
reason. The pipes may be full of sediment or plugged, requiring
cleaning, or the pipe may be full or underwater.

Figure 9 Pipe Filled with Sediment (Source: WisDOT)

Figure 10 Pipe End Submerged in Water
(Source: WisDOT)

Table 3 Uninspectable Culverts

‘ Uninspectable (5)

Purpose: Identify culvert pipes that are not able to be rated or visible.

Needs e Pipein 1/3 or more full of sediment

Cleaning | e Sediment or debris will impede drainage

e Estimate the depth of sediment, compared to the interior height of pipe

Plugged e Something in pipe causing water to backup or restrict water flow

Water e Pipe is either full or underwater
Observed ' e Observe typical water situation in the pipe: Dry, Slow, Fast, Standing or Full
e Describe the water level in the pipe at time of inspection as a percent of pipe height

Notes: Continue to rate elements of the inspection that are visible.

14
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Element Ratings

Roadway
Table 4 Roadway Ratings

Purpose: Identify distress indicators in roadway that may indicate the presence of structural

distresses with components of the culvert pipe

Good (1) Condition | ¢ No road settlement

e No pavement patching

e Road surface not affected

Fair (2) Condition e Minor road settlement

e Minor pavement cracking above pipe

Poor (3) Condition | e Pavement cracking above pipe (road distress)

e Settlement over pipe is large enough that traffic may need to slow down
while crossing over the culvert.

Severe (4) Condition e Significant settlement of road surface (void in roadbed)

e Holes in paved surface caused by pipe or structure condition (void in
roadbed)

e Evidence of repeated pavement patching

Notes: The general conditions of the roadway can be used as a clue to help determine the condition

rating for each hydraulic feature that is inspected. These general conditions may be indicators of

concealed structural problems. This is an evaluation of visible distresses in the pavement caused by

the culvert, not of environmental pavement distresses.

Figure 11 Roadway, Fair
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Figure 14 Roadway, Severe (courtesy of MnDOT)

11/7/2001
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Embankment
Table 5 Embankment Ratings
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Purpose: Identify distress indicators in embankment that may indicate the presence
of structural distresses with components of the culvert pipe

Good (1) Condition

Embankment is sound with no signs of erosion

Fair (2) Condition

Minor erosion around end wall or of embankment

Poor (3) Condition

Inslope Cavity — Infiltration of soil into the pipe from road embankment
Moderate erosion of embankment
Erosion of embankment has undermined end wall or pipe

Severe (4) Condition

Indications of voids around pipe or loss of road fill including piping
Piles of soil at joints, or any indication that soil infiltrates into the pipe
under the embankment

Serious erosion of embankment, large deposits of soil at bottom of
embankment

Notes: The general conditions of the embankment above and around the pipe can be used as a clue
to help determine the condition rating for each hydraulic feature that is inspected.

Figure 15 Embankment, Severe
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Figure 17 Embankment, Poor (Source: WisDOT)
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Scour
Table 6 Scour Ratings
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Purpose: To identify undermining or removal of supporting foundation material that could affect the
hydraulic or structural ability of the culvert.

Good (1) Condition

No noticeable scour noticed near apron end walls or pipe

Fair (2) Condition

Some minor scouring has occurred at or near apron end walls or pipe, but
not effecting the integrity of the culvert or roadway fill.

Poor (3) Condition

Noticeable scouring or erosion ator near apron end walls or pipe

Severe (4) Condition

Complete undermining atapron end walls or pipe

Notes: Scour can be caused by high velocities at the outlet end of the culvert and by turbulence at
the inlet end. Branches, sediment and trash can often be trapped at the inlet end restricting the
channel flow and cause scour.

Figure 18 Scour, Poor
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Figure 20 Scour, Severe (Source: WisDOT)
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Drainage Alignment
Table 7 Drainage Alignment Ratings
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Drainage Alignment

Purpose: Identify channel-related problems that may affect performance or structural ability of the

culvert.
Good (1) Condition | e

Fair (2) Condition

Poor (3) Condition

Severe (4) Condition

No noticeable deficiencies which affect the condition of the channel
Minor channel movement is evident

No erosion of the embankment or channel at both ends of the culvert
Change in direction of channel is causing erosion of embankment and/or
channel at culvert ends

Trees and brush restrict the channel

Significant erosion or undermining of embankment and/or channel
Significant erosion of the slope or ditch upstream from the pipe end
Large deposits of debris in the channel immediately upstream or
downstream of ends of culvert

Notes: This is a rating of how the stream or drainage flow enters or exits the pipe. Does the flow
seamlessly enter the pipe? Swirling, flow speed changes, or ponding of water would indicate the
pipe is not aligned properly with the stream.

Figure 21 Drainage Alignment, Fair

21





Wisconsin CAMP Inspection Manual

Return to Table

of Contents

Figure 22 Drainage Alignment, Poor

Figure 23 Drainage Alignment, Fair (Source: WisDOT)
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End Treatment
Table 8 End Treatment Ratings
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End Treatment

Purpose: To identify conditions that may relate to their structural stability, hydraulic performance,
and traffic safety characteristics.

Good (1) Condition

No corrosion or abrasion
No cracking, spalling or exposed reinforcement
New or like new condition

Fair (2) Condition

Apron end wall is rusted or bent

Minor cracking or spalling, no exposed reinforcement
Silt or vegetation could be obstructing the opening
Minor erosion atapron end wall

Poor (3) Condition

Noticeable erosion at apron end wall
Extensive corrosion or deep pitting of metal apron end wall
Masonry is cracked broken or reinforcement is exposed

Severe (4) Condition

Apron end wall is separated from pipe

Severe erosion at apron end wall

Metal end wall is severely distorted

Masonry or concrete has fallen away from pipe

Notes: This rating is to determine if the apron end wall should be replaced, repaired or cleaned.
Condition rating of the end treatment does not affect the overall rating of the culvert.

Figure 24 End Treatment, Severe (Separation)
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Figure 26 End Treatment, Severe (Source: WisDOT)
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Table 9 Pipe Flow Ratings

Pipe Flow

Purpose: Describe the conditions associated with the passage of water through the culvert.

Good (1) Condition ' e No noticeable obstruction to flow of water through pipe
Fair (2) Condition e Some pondingor minoraccumulation of sediment affecting flow Less than 25%
of the pipeis obstructed.

Poor (3) Condition Ponding up stream of the pipe due to restricted flow in the pipe
e Between 25% and 50% of the pipe is obstructed
Severe (4) Condition e More than 50% of the pipe is obstructed
e Pipe is plugged, no flow through pipe (Critical Finding)
Notes: This rating is generally based on sediment or material obstructing the pipe and will indicate if
cleaning is necessary. A plugged pipe should be listed as a critical finding.
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Figure 27 Pipe Flow, Poor or Severe Depending on Percent Blockage (Source: WisDOT)
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Figure 28 Pipe Flow, Poor (Source: WisDOT)

Figure 29 Pipe Flow, Good or Fair Depending on Depth of Sediment
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Corrosion (Metal Pipes Only)
Table 10 Corrosion (Metal pipes only) Ratings

Corrosion (Metal Pipes Only)

Purpose: To identify the impact of corrosion on the structural integrity of the culvert.
Good (1) Condition | ¢ Discoloration of surface
e Galvanizing intact
e No rust or pitting
Galvanizing gone
e Freckled rust, corrosion has begun
Poor (3) Condition | e Flaking, rust evident, with some loss of wall thickness
e Ahole, less than 1-inch in size
e Canpoke a hole in pipe with a sharp point
Severe (4) Condition e Hole 1-inch or greater, or many small holes, or bottom gone
e Cracks or tears
e Canpoke ahole in pipe with a blunt rod
Notes: Hole size won’t be measured in most cases, inspectors estimate defects based on what they
see from the end of the pipe. Corrosion of metal pipes can be a serious problem with adverse effects
on structural performance.

Fair (2) Condition

Figure 30 Corrosion, Severe (Source: WisDOT)
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Figure 32 Corrosion, Fair (Source: WisDOT)
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Table 11 Cracking Ratings

Cracking

Purpose: To identify the impact cracking of the pipe barrel has on the structural integrity of the
culvert.
Good (1) Condition | e Concrete pipe, hairline cracks
Fair (2) Condition For dual wall HDPE pipe, circumferential cracking in PE liner only, above
flow line and less than % of circumference (if crack is below flow line
assign rating of 3 as freeze/thaw may increase damage)
e Concrete pipe, cracks with widths up to 1/8-inch
Any crackin PVC pipe outside of road surface area
e For dual wall HDPE pipe, circumferential cracking in HDPE liner only, in
upper of lower portion of pipe, less than % of pipe circumference, with no
soil infiltration through joints
e Concrete pipe, cracking between 1/8-inch and %-inch
e Concrete pipe, efflorescence and/or rust emanating from cracks
e Metal pipes, cracking at bolt holes.
Severe (4) Condition e Any crackin PVC pipe under road surface
e For dual wall HDPE pipe, circumferential cracking greater than % of pipe
circumference, in the liner only
e Concrete pipe, cracking evident with widths > %-inch or cracks showing
moving; pipe pieces have shifted
e Large areas of rust staining emanating from cracks
e Metal pipe, any cracks or tears in the culvert wall
Notes: Crack width won’t be measured in most cases, inspectors must estimate size based on what
they see.

Poor (3) Condition

Figure 33 Cracking (Source: WisDOT)
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Figure 34 Cracking, Severe (Source: WisDOT)

Figure 35 Cracking, Fair (Source: WisDOT)
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Pipe Connection
Table 12 Pipe Connection Ratings

Pipe Connection

Purpose: To evaluate the integrity of connections throughout the pipe that affect the structural
integrity of the culvert.
Good (1) Condition | e No visible signs of missing bolts/fasteners, deformation of bolt holes,
infiltration or misalignment
Joint ties are rusted but remain intact
e Less than 5% loose or missing bolts in any joint or seam.
e Minor yielding of steel and/or cracking/splitting less than 1-inch long,
local to bolt holes
e Slightly cocked seams, but does not affect cross section shape
e Minor infiltration but not soil infiltration
Poor (3) Condition | e Some joint ties are rusted through, but joint has not begun separating
e 5% to 15% of loose or missing bolts in any joint or seam.
e Yielding of steel and/or cracking/splitting 1-inch to 3-inch long, local to
bolt holes
e Cocked seams such that it affects cross-section shape, cusp effect with
local wall bending
e Significant water infiltration and evidence of fine soils infiltrating through
seams.
Joint ties have missing bolts and no longer capable of holding the joint
together
e Greater than 15% loose or missing bolts in any joint/seam
e Significantyielding of steel at bolt holes, cracking/splitting 3-inch or more
local to bolt holes.
e Cocked seams severely affecting cross-sectional shape, cusp effect with
seam cracking
e Coarse soil infiltration through seam openings, possible hollow sounds
behind wall near seams indicating loss of backfill support, evidence of
piping due to exfiltration.

Fair (2) Condition

Severe (4) Condition

Notes:
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Figure 36 Pipe Connection, (Source: WisDOT)

Figure 37 Pipe Connection, Poor
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Figure 38 Pipe Connection, Fair (Source: WisDOT)

Figure 39 Pipe Connection, Poor (Source: WisDOT)
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Distortion (Not Concrete Pipes)
Table 13 Distortion (Not Concrete Pipes) Ratings

Distortion (Not Concrete Pipes)

Purpose: Evaluate the changes to shape of the original pipe that could affect the structural integrity
of the culvert.

Good (1) Condition | e Deformation less than 5% of original inside diameter for circular pipes and
less than 3% for elliptical pipes

Deformation of pipe 5% to 7% of original inside diameter for circular pipes
and 3% to 5% for elliptical pipes

e For dual wall HDPE pipe, liner buckling in 2 or fewer places.

Deformation of pipe 7% to 10% of original inside diameter for circular
pipes and 5% to 7% for elliptical pipes

e For dual wall HDPE pipe, liner buckling in more than 2 areas

Deformation greater than 10% of original inside diameter of circular pipes
and greater than 7% for elliptical pipes

Notes: Lining of culvert pipes cannot be completed if there is too much distortion.

Fair (2) Condition

Poor (3) Condition

Severe (4) Condition

ST TR AS VERTICAL LOADS ARE
APPLIED A FLEXIBLE CULVERT
/ \  ATTEMPTS TO DEFLECT. THE
] ) VERTICAL DIAMETER
| || DECREASES WHILE THE
/l/' HORIZONTAL DIAMETER
W\ /// INCREASES. SOIL PRESSURES

RESIST THE INCREASE IN
N HORIZONTAL DIAMETER.

Figure 40 Round Pipe Distortion
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PRESSURE IS MUCH GREATER AT CORNERS THAN AT INVERT

INADEQUATE CORNER SUPPORT CAUSES CORNERS
TO SINK AND SPREAD, INVERT STAYS IN PLACE

Figure 41 Arch Pipe Distortion
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Pipe Alignhment
Table 14 Pipe Alignment Ratings
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Pipe Alignment

Purpose: Identify misalignment of pipe segments that could affect the structural integrity of the

culvert.
Good (1) Condition

Fair (2) Condition

Poor (3) Condition

Severe (4) Condition

Horizontal alignment shows no signs of movement from installed
condition

Vertical alignment shows no sagging or heaving

Horizontal alignment shows small visible deviations from installed
condition that does not affect joints or barrel

Vertical alignment has minor sagging or heaving

Horizontal alignment with deviations from installed condition that may
affect joints or barrel

Vertical misalignment causing ponding/sediment accumulation at sags
between 10% and 30% of diameter

Distress at joints or in barrel due to vertical or horizontal misalignment
with pipe section offsets.

Vertical misalignment has caused ponding/sediment accumulation of
more than 30% of diameter

Indication of significant flow restriction

Notes: Lining of the pipe cannot be completed if the misalignment is too great.

E e ALY g N 2 .
Figure 42 Pipe Alignment, Seve inding

(Source: WisDOT)
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Figure 43 Pipe Alignment, Severe (Source: WisDOT)
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Figure 44 Pipe Alignment, Poor (Source: WisDOT)

Figure 45 Pipe Alignment, Good (Source: WisDOT)
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Joint Separation
Table 15 Joint Separation Ratings

Joint Separation

Purpose: Identify joint separation at pipe joints that could affect the structural integrity of the

culvert.

Good (1) Condition | e Joint separation less than 1”

e Minor chipping at joints/openings

Fair (2) Condition e Joints broken or separated up to 1” (anywhere along the joint)

e Minor backfill infiltration due to slight openings at joints

Poor (3) Condition | e Joints broken or separated between 1”-3” (anywhere along the joint)

e Joints are open and allowing backfill to infiltrate

Severe (4) Condition e Joints broken or separated more than 3” at any point along the joint (if
separation is at apron end wall, then see condition 3 of End Treatment)

e Significantjoint openings, dislocated joints in several locations exposing
fill material

e Major soil infiltration through joints

Notes: Joint separations are significant because they accelerate the damage caused by exfiltration

and infiltration, resulting in the erosion of the backfill material.

Figure 46 Joint Separation, Severe
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Figure 48 Joint Separation, Fair
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Delamination and Spalling (Concrete Pipes)
Table 16 Delamination and Spalling (Concrete pipes) Ratings

Delamination and Spalling (Concrete Pipes)

Purpose: Identify defects in the concrete that could affect the structural integrity of the culvert.
Good (1) Condition | e Insignificant spalling or scaling

e Surface in good condition
Fair (2) Condition e Localized spalls up to 1/4” depth present

e Patched areas are sound and not “hollow” sounding
Spalling and/or delamination greater than 1/4” depth
e Reinforcing steel exposed atisolated locations
e Patched areas are delaminating, or sound “hollow” indicating the patch is
failed
Spalling has caused exposure of reinforcing steel which are heavily
corroded
Notes: Spalling may be caused by the corrosion of the steel reinforcing when water is able to reach
the steel through cracks or shallow cover. As the steel corrodes, the oxidized steel expands, causing
the concrete covering the steel to spall. Delamination are areas where the concrete has fractured
but has not visibly separated. These areas will produce a hollow sound when tapped.

Poor (3) Condition

Severe (4) Condition

A

Figure 49 Spalling, Severe (Source: WisDOT)
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Figure 50 Spalling, Severe Critical Finding (Source: WisDOT)
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Exposed Reinforcement (Concrete Pipes)
Table 17 Exposed Reinforcement (Concrete pipes) Ratings

Purpose: Identify corrosion (rust) in the reinforcement that could affect the structural integrity of
the culvert.
Good (1) Condition e No exposed reinforcement
Fair (2) Condition No exposed reinforcement
Poor (3) Condition Exposed reinforcing steel at isolated locations
Severe (4) Condition Reinforcement fully exposed in places

e Invert scaling has exposed reinforcing steel

e Reinforcement buckling or separating from the concrete (slabbing)
Notes: Slabbing is characterized by large slabs of concrete “peeling” away from the sides of the pipe.
The cause of slabbing is generally straightening of the concrete pipe’s reinforcing cage due to
excessive deflection. Can be a severe problem for culverts under high fills.

Figure 51 Exposed Reinforcement, Severe (Source: WisDOT)
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Table 18 Abrasion and Wear (Concrete pipes) Ratings

Abrasion and Wear (Concrete Pipes)

Purpose: Identify eroding of pipe material in flowline that could affect the structural integrity of the

culvert.
Good (1) Condition
Fair (2) Condition

Poor (3) Condition

Severe (4) Condition

No abrasion damage

Abrasion less than 4" depth

No reinforcement exposed

Abrasion in flow line between %” and 4" depth

Some reinforcement exposed

Extensive surface damage and aggregate pop-out
Complete invert deterioration and loss of pipe wall section

Notes: Abrasion of pipes can be a serious problem with adverse effects on structural performance. If
the invert is completely deteriorated, it may be considered a critical finding.

Figure 52 Abrasion, Poor (Source: WisDOT)
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Salt and Rust Stain (Concrete Pipes)
Table 19 Salt and Rust Stain (Concrete pipes) Ratings
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Purpose: The presence of salt stains (efflorescence) or rust stains are evidence of possible
reinforcement section loss that could affect the structural integrity of the culvert.

Good (1) Condition | e
Fair (2) Condition

Poor (3) Condition

Severe (4) Condition

No signs of efflorescence or rust stains

Signs of efflorescence but no discoloration of concrete due to rust
staining coming from cracks

Efflorescence and/or discoloration of concrete due to rust staining coming
from cracks

Large areas of discoloration of concrete due to rust staining coming from
cracks.

Notes: The presence of cracks in the pipe wall permits moisture absorption and increased flow
within the concrete pipe wall that is evidenced by dirty- white surface deposits called efflorescence.
Efflorescence is a combination of calcium carbonate leached out of the cement paste in the pipe and
other recrystallized carbonate and chloride (road salt) compounds.

Figure 53 Rust Stain, Poor (Source: WisDOT)
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Figure 54 Efflorescence, Poor
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Bid Items

Effective with the December 2019 Letting

520.2021 Culvert Pipe Temporary 21-Inch LF
520.2024 Culvert Pipe Temporary 24-Inch LF
520.2030 Culvert Pipe Temporary 30-Inch LF
520.2036 Culvert Pipe Temporary 36-Inch LF
520.2042 Culvert Pipe Temporary 42-Inch LF
520.2048 Culvert Pipe Temporary 48-Inch LF
520.2054 Culvert Pipe Temporary 54-Inch LF
520.2060 Culvert Pipe Temporary 60-Inch LF
520.2072 Culvert Pipe Temporary 72-Inch LF
520.2084 Culvert Pipe Temporary 84-Inch LF
520.3142 Culvert Pipe Class Il 42-Inch LF
520.3148 Culvert Pipe Class Il 48-Inch LF
520.3154 Culvert Pipe Class Il 54-Inch LF
520.3160 Culvert Pipe Class Ill 60-Inch LF
520.3172 Culvert Pipe Class Ill 72-Inch LF
520.3184 Culvert Pipe Class Ill 84-Inch LF
520.3312 Culvert Pipe Class IlI-A 12-Inch LF
520.3315 Culvert Pipe Class IlI-A 15-Inch LF
520.3318 Culvert Pipe Class IlI-A 18-Inch LF
520.3321 Culvert Pipe Class IlI-A 21-Inch LF
520.3324 Culvert Pipe Class llI-A 24-Inch LF
520.3327 Culvert Pipe Class IlI-A 27-Inch LF
520.3330 Culvert Pipe Class IlI-A 30-Inch LF
520.3336 Culvert Pipe Class IlI-A 36-Inch LF
520.3412 Culvert Pipe Class llI-A Non-metal 12-Inch LF
520.3415 Culvert Pipe Class llI-A Non-metal 15-Inch LF
520.3418 Culvert Pipe Class IlI-A Non-metal 18-Inch LF
520.3421 Culvert Pipe Class llI-A Non-metal 21-Inch LF
520.3424 Culvert Pipe Class llI-A Non-metal 24-Inch LF
520.3427 Culvert Pipe Class llI-A Non-metal 27-Inch LF
520.3430 Culvert Pipe Class IlI-A Non-metal 30-Inch LF
520.3436 Culvert Pipe Class llI-A Non-metal 36-Inch LF
520.3512 Culvert Pipe Class IlI-B 12-Inch LF
520.3515 Culvert Pipe Class IlI-B 15-Inch LF
520.3518 Culvert Pipe Class IlI-B 18-Inch LF
520.3521 Culvert Pipe Class IlI-B 21-Inch LF
520.3524 Culvert Pipe Class IlI-B 24-Inch LF
520.3527 Culvert Pipe Class IlI-B 27-Inch LF
520.3530 Culvert Pipe Class IlI-B 30-Inch LF
520.3536 Culvert Pipe Class IlI-B 36-Inch LF
520.3612 Culvert Pipe Class llI-B Non-metal 12-Inch LF
520.3615 Culvert Pipe Class IlI-B Non-metal 15-Inch LF
520.3618 Culvert Pipe Class llI-B Non-metal 18-Inch LF
520.3621 Culvert Pipe Class IlI-B Non-metal 21-Inch LF
520.3624 Culvert Pipe Class llI-B Non-metal 24-Inch LF
520.3627 Culvert Pipe Class IlI-B Non-metal 27-Inch LF
520.3630 Culvert Pipe Class IlI-B Non-metal 30-Inch LF
520.3636 Culvert Pipe Class IlI-B Non-metal 36-Inch LF
520.4112 Culvert Pipe Class IV 12-Inch LF
520.4115 Culvert Pipe Class IV 15-Inch LF
520.4118 Culvert Pipe Class IV 18-Inch LF
520.4121 Culvert Pipe Class IV 21-Inch LF
520.4124 Culvert Pipe Class IV 24-Inch LF
520.4130 Culvert Pipe Class IV 30-Inch LF
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Bid Items

520.4136 Culvert Pipe Class IV 36-Inch LF
520.4142 Culvert Pipe Class IV 42-Inch LF
520.4148 Culvert Pipe Class IV 48-Inch LF
520.4154 Culvert Pipe Class IV 54-Inch LF
520.4160 Culvert Pipe Class IV 60-Inch LF
520.4172 Culvert Pipe Class IV 72-Inch LF
520.4184 Culvert Pipe Class IV 84-Inch LF
520.5112 Culvert Pipe Class V 12-Inch LF
520.5115 Culvert Pipe Class V 15-Inch LF
520.5118 Culvert Pipe Class V 18-Inch LF
520.5121 Culvert Pipe Class V 21-Inch LF
520.5124 Culvert Pipe Class V 24-Inch LF
520.5130 Culvert Pipe Class V 30-Inch LF
520.5136 Culvert Pipe Class V 36-Inch LF
520.5142 Culvert Pipe Class V 42-Inch LF
520.5148 Culvert Pipe Class V 48-Inch LF
520.5154 Culvert Pipe Class V 54-Inch LF
520.5160 Culvert Pipe Class V 60-Inch LF
520.5172 Culvert Pipe Class V 72-Inch LF
520.5184 Culvert Pipe Class V 84-Inch LF
520.8000 Concrete Collars for Pipe EACH
520.8500 Pipe Cattle Pass LF
520.8700 Cleaning Culvert Pipes EACH
521.0336 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 36-Inch 4 to 1 EACH
521.0342 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 42-Inch 4 to 1 EACH
521.0348 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 48-Inch 4 to 1 EACH
521.0354 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 54-Inch 4 to 1 EACH
521.0360 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 60-Inch 4 to 1 EACH
521.0436 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 36-Inch 6 to 1 EACH
521.0442 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 42-Inch 6 to 1 EACH
521.0448 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 48-Inch 6 to 1 EACH
521.0454 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 54-Inch 6 to 1 EACH
521.0460 Apron Endwalls for Culvert Pipe Sloped Cross Drains Steel 60-Inch 6 to 1 EACH
521.0535 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 35x24-Inch 4 to 1 EACH
521.0542 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 42x29-Inch 4 to 1 EACH
521.0549 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 49x33-Inch 4 to 1 EACH
521.0557 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 57x38-Inch 4 to 1 EACH
521.0564 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 64x43-Inch 4 to 1 EACH
521.0571 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 71x47-Inch 4 to 1 EACH
521.0635 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 35x24-Inch 6 to 1 EACH
521.0642 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 42x29-Inch 6 to 1 EACH
521.0649 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 49x33-Inch 6 to 1 EACH
521.0657 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 57x38-Inch 6 to 1 EACH
521.0664 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 64x43-Inch 6 to 1 EACH
521.0671 Apron Endwalls for Pipe Arch Sloped Cross Drains Steel 71x47-Inch 6 to 1 EACH
521.1012 Apron Endwalls for Culvert Pipe Steel 12-Inch EACH
521.1015 Apron Endwalls for Culvert Pipe Steel 15-Inch EACH
521.1018 Apron Endwalls for Culvert Pipe Steel 18-Inch EACH
521.1021 Apron Endwalls for Culvert Pipe Steel 21-Inch EACH
521.1024 Apron Endwalls for Culvert Pipe Steel 24-Inch EACH
521.1030 Apron Endwalls for Culvert Pipe Steel 30-Inch EACH
521.1036 Apron Endwalls for Culvert Pipe Steel 36-Inch EACH
521.1042 Apron Endwalls for Culvert Pipe Steel 42-Inch EACH
521.1048 Apron Endwalls for Culvert Pipe Steel 48-Inch EACH
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FDM 13-1 Attachment 15.1 Potential for Bacterial Corrosion of Zinc Galvanized Steel Culvert Pipe (Map)

POTENTIAL FOR BACTERIAL CORROSION OF
ZINC GALVANIZED STEEL CULVERT PIPE

E=] AREA 1. STRONGLY CORROSIVE

A\ AREA 2. MODERATELY CORROSIVE

|:| AREA 3. SOMEWHAT CORROSIVE

|
=

N
N\
| \
‘ ‘ S\, _—

N — — ‘7
| ‘ — \
: 4 - NE

T

INDIVIDUAL SITES IN AREA 3 MAY BE
STRONGLY TO MODERATELY CORROSIVE DUE
TO LOCAL CONDITIONS SUCH AS FARM RUNOFF,
ANAEROBIC BACTERIA IN THE SOIL. ETC.

October 22, 2012 Attachment 15.1 1of 1
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FDM 13-1 Drainage Practice

Table 15.2 Culvert Material Selection Criteria

All Roadways with Design Year ADT < 20,000
Excluding Interstate Highways and Divided US Highways

BID ITEM ALLOWABLE
(Culvert Pipe) DESIGN ADT | SIZES (Inches) NOTES
- Max fill height of 11 ft.
Class lII-A, - Min. fill height 2 ft. from top of subgrade.
Class IlIl-A Non-metal Up to 20,000 12 - 36 - For Culvert Pipe Class lll-A indicate required

thickness for steel culverts in Misc. Qualities.
- Use non-metal bid items in corrosive environments.

- Max fill height of 15 ft.

Class IlI-B, - Min. fill height 2 ft. from top of subgrade.

Up to 20,000 12 - 36 - For Culvert Pipe Class llI-B indicate required
thickness for steel culverts in Misc. Quantities.

- Use non-metal bid items in corrosive environments.

Class Ill-B Non-metal

- Not to be used in corrosive environments unless
polymer or aluminum coated. See FDM 13-1-15.4.

- 12- 36-inch sizes can only be used in special

Corrugated Steel Up to 20,000 42 -84 situations. See FDM 13-1-15.3.

- Refer to FDM 13-1 Attachment 25.2 and 25.3, for
appropriate fill heights.

- Indicate required thickness in Misc. Quantities.

- Consider for use in corrosive environments.
- (1) 12- 36-inch sizes can be considered in special
Reinforced Concrete Up to 20,000 13’2__3221) situations. See FDM 13-1-15.3.

- Refer to FDM 13-1 Attachment 25.1 and 25.2 for
appropriate fill heights.

- Max fill height of 11 ft.
- Min. fill height 2 ft. from top of subgrade.

Polyethylene Up to 20,000 12-36 - Consider for use in special situations. See FDM 13-1-
15.3 and FDM 13-1-15.4.1
- Max fill height of 15 ft.
- Min. fill height 2 ft. fi t f subgrade.
Polypropylene Up to 20,000 12-36 m.F e rom "op 9 Supdrace

- Consider for use in special situations. See FDM 13-1-
15.3 and FDM 13-1-15.4.1

- Consider for use in corrosive environments.

- 12- 36-inch sizes can only be used in special

. situations. See FDM 13-1-15.3.

Corrugated Aluminum | Under 1,500 42-84 - Refer to FDM 13-1 Attachment 25.2 and 25.6 for
appropriate fill heights.

- Indicate required thickness in Misc. Quantities.

Interstate Highways, Divided US Highways or
Any Class of Roadway with Design Year ADT > 20,000,

BID ITEM
DESIGN ADT | ALLOWABLE NOTES
(Culvert Pipe) SIZES (Inches)
- Refer to FDM 13-1 Attachment 25.1 and 25.2 for
Reinforced Concrete > 20,000 12 -84 appropriate fill he|ghts

Note: Steel and thermoplastic culverts are allowed under any roadway type at any ADT when used for temporary use, or at
maintenance crossovers in the median. In addition, thermoplastic pipe is allowed when used for bridge deck drainage
and slotted vain drains, and steel pipe is allowed for slotted corrugated metal pipe surface drains.
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Figure 55 Poison Sumac
Figure 56 Poison lvy

Figure 58 Poison Oak

Figure 57 Wild Parsnips
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