30 minute overview
of

HydInfra and Culvert Cost

MnDOT’s version of
drainage asset management

29JUL16




HydInfra = Hydraulic Infrastructure

MnDOT’s
Culvert and Storm Drainage System
Inventory and Inspection Program

(Culverts less than 10 foot span)


Presenter
Presentation Notes
What works best – where?
Weighted sonar (or sonar on a rod/pole so you can drop below waterline) – fast and turbulent waters
Boogie board works well in cold temps, we particularly like it on the Red River of the North




Big storm + bad pipe = wrecked road

We could have fixed it cheaper, sooner


Presenter
Presentation Notes
US 52 after storm 23Sep2010


Pipe with Holes
causes Piping
and Road Void
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Road fill washes out at each
burst of rain

CMP Storm Drain at MnDOT Oakdale Office
in 2015




While some steep slopes are prone to failure
leaking pipes lubricate the slide

Soil crack to left of pipe end indicates slope failure.
US Highway 8, April 2016



Void in Road — Evidence of a loss of soil from the
road around or near the pipe or other feature.

D6 Jacked Pipe creates road void 27SEP2011 — Rob Coughlin



Typical Culvert Failure
has a pavement patch

MN 95 2015 Eric Brenna
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Water flows along the outside of
pipe carrying road fill away.



Culvert Cost WIG
on the Road to Drainage Asset Management

Hydinfra Inspection Manual | |° . : T s
Utility Locations and
Ms4 Water Quality o

Metro WRE and Maintenance partner an M54
water quality requirements.

Simple g coes gt repot e

Storm drain networking and “Georilla” map
service improve response times for hazardous

spill capture r . Drainage Performance M-~

Storm drain networks are also used for ¢ N——
‘Gopher State One Call utility locations. their P~

T

G e r a
Rallb d I n Jrntta to
improv . ouira was buitt with GI5
tools de ap could query for drainage features,

make at w10 a spreadsheet. Hydinfra's simple condition
rating cou _.on explicit riteria for different materials, and flags to record
defects make It a versatile framework to build asset management on.

e A
Extreme rainfall and
floods cause damage
to culverts. 615 and
Hydinfra help recovery.

Big Storm + bad pipes
= wrecked road

Project Scoping and
Predesign

GIS layers from many sources give
context to drainage design work.

DNR layers for Public Waters - hiring extreme raifall
illustrate areas that need ] A Rl everits. Pipe defects
enviranmental permits. Hydinfra \ ; include road void,
layers with drainage feature data K 4 piping, and holes.
help speed : 3 3 &

scoping and

predesign tasks,

aspaciallyin

winter.

The Road Ahead to Drainage

Research on Pipes Lifecycle Cost Analysis

and Materials i ”

Ressarch focusing on the 4 ) J 2 A - s

e S y f > costs for drainage projects by

:;ﬁﬁ:}z‘:&"ﬁ:‘;‘;‘, i 7 g 4 contractars, along with as-built details about the drainage-features.

Delow shows roadside pH 4 e 2 . Getan Enterprise Asset Management software solution that includes
‘on NRCS pH data. o3 : 3 g GIS, to merze Hydinfra and Culvert Cost datsbases and to integrate
or lows pH, is 3 factor ; - - - U . data from MnDOT's many other parts, like Pavernent, Traffic and

Maintenance Operations’ many respensibilities.

idity, .
steel pipe deterioration e p—
rates, The research is being - . Inventory and inspect storm drain networks, ponds and other water

done by Barbara Burkhalder - and all those other feature:
WLkt Repalr data is available i sheage rychn .
. Errmikiaalyi i ek Eonar e e e e e it T
e e g Project Lifecycle Perfarmance to get the most ban for the buck.
access from the repair site
Others in MnDOT can find Culvert
Cost Reports. by searching IHUB
for “Culvert Cost™.

The map shows repais,
‘ieanings and new installations of
culverts recorded in the first
‘season of data collection.

Hydinfra data is used in research to
ook at materisls and their failure
modes. |n this chart, the depth of
fill above the pipe is correlated to
specific pipe defects.

Lifecycle Cost Analysis in
Asset Management
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Presentation Notes
Culvert Repair Cost is our most recent milepost on the road to Drainage Asset Management.  HydInfra and Maintenance’ Drainage Performance Measure provided the foundation to build the Culvert Repair Cost app.


HydInfra Inspectors inspect drainage
features with Trimble GPS devices

(Terrasync or ArcPad software)

Create feature:
" Basic Session
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Key Experts in each District process the data with Pathfinder Office
software and upload the data files through a web portal.



Legend
OVERALL_CONDITION

HydInfra
Culvert and
Storm Drain

Pipes by
Condition

July 2016




Maintenance records Culvert Repair Cost
with ArcGIS Online Application for iPad or PC
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Collect a new feature

CULVERT REPAIRS

+ Pending

EQUIPMENT



Map of 1465
Culvert Cost Repairs
by MnDOT Maintenance
2014-2015 Cost Summary

Legend
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REPAIR MADE by Maintenance
®  Beavers stimated Maintenance Cost of Culvert Repair
@ Cleaning
@ Dich Cleaning
okt Culvert Number of Average Repair
Hole Repair Repair Category Categories Re pairs
Ice Removal Trench Mew Pipe
Joint Repair
Other
Paved Invert

Replace Aprons

Resat

Slipline
Trenc

[ MN_Counties




Bridge Hydraulics is the Hub

for Drainage Asset Management

Feedback gets incorporated from all around and back:

TAM software transition from
HydInfra and Culvert Repair Cost
to Agile Assets begins September
2016

1.

District Hydraulics\WRE Engineers & Designers
District Maint. Supervisors and Engineers
District HydInfra Inspectors

District Maint. Drainage Repairers

Asset Management group — Agile Assets leaders
MnDOT Planning and Management

Federal guidance and best practices

Ideas from other States and entities



HydInfra sprang from the
1986 Culvert Inspection Manual

with some
iImportant
differences



Presenter
Presentation Notes
I still consult the 1986 Manual like a Baptist consults the Bible.


MnDOT Hydraulic Engineers
designed HydInfra in 1996

Condition Ratings 1 -4

Flags and Measures record defects
Criteria for each Material type
Culverts less than 10 foot span

Automated from the get-go

— Centralized database

— GPS

— GIS

— Hired a specialist for database development — Thomas Martin



CHAPTER 2 — CULVERT ASSESSMENT TOOL

'—00‘3 RA Ratings Guide

Nd\r\“a

FHWA FLH CULVERT ASSESSMENT GUIDE

[

\Infra Inspection Manual

-
‘Loll ilvert and Storm Drainage Systems
\\ Calliitio

wo

Excellent — like new condition

Fair — some wear, but structurally sound >

Poor — deteriorated, consider for repair or replacement

Severe — serious deterioration

Not able to rate, not visible

This guide is used to rate the condition of storm drainage system features or culverts where the pipe (or
installations of more than one pipe) is less than 10 feet wide, as measured along the centerine of roadway.

The worst defect found in a feature determines its condition rating. (Refer to condition rating criteria on
pages 13 to 20)

Components are rated on structural integrity and ability to perform their functions. Need for cleaning is NOT
part of the Overall Conditien rating but is noted with a separate “Clean” flag (Clean? = Y) and a “Sediment %
Full” value.

o

sed for the rating of ¢

w NBIS. 11

wied background and ex
subjectivity i assigni

'1 Good as new condition CONDITION ASSESSMENT RATING CODES
=
2 Some wear, but structurally sound Good Like new, with little or no deteriortion, structurally “..m&
! functionally sdequate.
[ A :
3 Schedule for repair or replacement Some deterioration, but structurally sound and funetionally
Fair adequate
4 May require immediate fix — Inform Maintenance people
s ioration and/or functional inadequacy
Poor requiring repair action that should, if possible, be incorporated
0 Not rate-able into the planned roadway project.
Very poor conditions that indicate possible imminent fail e
Notes: that could threaten public requiring immediate repair
1 : - e L " . . Critical action.
} The worst condition found in a feature determines its condition rating (see lists).
2} The general conditions of the roadway and adjacent area should be used as clues to Allor part of the culvert s inaceessible for ass ssment o7
help determine the condition rating for 2ach hydraulic featurs that is inspected. These rating camnot be assigned. :
general conditions can be indicators of concealed structural problems. Unknown
3} Broken grates or plugged pipes should be reported to Maintenance within 24 hours. Notes:
In general, the lowest elemental rating for the culvert determin rall rating
»  Culvert conditions are assigned the above ratings, while failing

mance parsmeters are indicated by sgffeck

with spans less than 20 feet a5 messured along the centerline of thaffbadway

Broken grates or plugged pipes or structures should be reported to Maintenance Area Supervisor within 24
hours of inspection_

atings in this guide.

y 4

RATIMG SCALZ.AND ASSOCIATED ACTION

4

CRITICAL FAILED

Some deterioration, but
structurally sound and
functionally adequate.

Very poor conditions that
indicate possible
imminent failure which
could threaten public
safety.

Failed or non-
functional condition.
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recommended. Note
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Mo immediate action is

recommended, but

more frequent

inspection may be

warranted.

Maintenance should be
ormed.

{In

tion and makes
ecommendation in
inspection report.

Corrective action is
required and urgent.
Engineering evaluation
is recommended to
specify appropriate
repair.

Emergency action is
required to address

public safety hazard.
Roadway closure is

typical.

ector) evaluates
d for corrective




HydInfra described as “The Best”
among DOT'’s Culvert Management Systems*

o ACEE AL ER AR D) e A~

* 2012 TAMP - Transportation [y h e
Asset Management Plan - preseﬁted at the National

Pilot project will include Hydraulic Engineers Conference
HydInfra in lowa City, August 2014

« 2011 NCHRP 14-26 project (Concrete Pipe Association
to create “Culvert requested we present at their

Inspection Manual” conference in Texas 2015 but
includes us we had to refuse.)

: 2016 American Public Works
* 2007 -- Featured in FHWA Conference in Mpls -- Culvert

Culvert Management Inspection and Repair -- We
Systems booklet could have fixed it cheaper,

E’ O () @ @ @ @ 0 sooner!

* Feb 2015, Marie Venner, consultant who has researched and written 2 FHWA guides to Culvert Management Systems


http://www.dot.state.mn.us/bridge/pdf/hydraulics/Put%20your%20Drainage%20Asset%20Management%20System%20to%20Work%20-%20HydInfra.pdf
http://www.dot.state.mn.us/bridge/pdf/hydraulics/Put%20your%20Drainage%20Asset%20Management%20System%20to%20Work%20-%20HydInfra.pdf

HydInfra can capture all kinds of
Drainage Feature Types

Pipes

Structures

Special Structures
Ponds

WQ devices
Ditches

Discharge Points

llicit Discharges
Environmental




Highway Culvert Inspections are scheduled
according to Performance Measures

Inspection Cycle for Drainage Performance Measure

Pipes where problem is not under the road
Pipes where puh]cm requires a repair under
Most condition 3 pipes

_ Pipes with Piping or Road Void (these shoy

Pipes with no

inspections pipe. so as districts identify pipes as stort)
SPeCl1o1s b L

reduced

Overall Target: 80% of Highway Pipes meet Recommended Inspection Frequency

— Start with inventory and inspection cycle
— Later target to reduce numbers of bad pipes


Presenter
Presentation Notes
If you measure it, it will happen


HydInfra Condition Rating Criteria
aim to

protect the roadway

Holes or Joint Separations
In pipes create
Piping and Road Voids


Presenter
Presentation Notes
Criteria are continually re-examined to align with this purpose.


HydInfra Inspection Manual

Culvert and Storm Drainage Systems

Excellent — like new condition

Fair — some wear, but structurally sound

Poor — deteriorated, consider for repair or replacement

Very Poor — serious detenoration

MNot able to rate, not visible

Condition Rating Codes suggest the need for repair



Pipe Materials & MATF—R‘N’ to track

A\
Concrete CONCRE

Corg. Steel (CSP)
Structural Plate
Polymeric-Coated

S

Bituminous-Coated

Aluminized Steel

Corg. Aluminum (CAP)p

Timber
Vitrified Clay
Other

R

&

TYPE performance

Corg. Plastic (HDPE)
PVC st
Perforated Plastic
Polypropylene

S R P E (Steel Reinforced PolyEthylene)

“Liner’” materials describe
ot a lined pipe:

Liner HDPE

. WNER
Liner PVC
Liner Cured in Place
Liner Metal

Liner Other



Each

HydInfra Ratings Guide

8 - - NE B - -

Factors: Structural integrity, Integrity of surrounding material

Material Type

1 Excellent Condition

Minor chipping at joints/openings
Hairline cracks
Insignificant spalling or scaling

has explicit
rating criteria

2 Fair Conditicn
= Joints broken or pulled agart up to 17 (anywhere along joint)
«  Agoregate exposed

Cracks evident with widths up to 1/3 inch
Spalling or scaling fo 144 inch depth

=ath road

i o it A L W SR
4 Very Poor Condition
= Joints pulled apart or broken (more than 3" at any point along joint)
= Cracking evident with widths > 1/4 inch
= Reinforcement fully exposed in places
= Eroded holes through concrete or bottom gone
» [Deformation
= Cracks showing movement — pipe pieces have shifted
Pipe condition is causing soil loss beneath road surface
v |

Fipe condition 12 causing soil losz beneath road surmace

Motes:

Special Structures includs Aprong, Slotted Drain, Headwalls, Wingwalls, open Flumes, Weirs,
Expander/Reducers, Floodgates, Energy Diszipaters and other tems that are noi Pipes,

Structures, SPCDs (Structural Pollution Control Devices), Ponds or Ditches.

Atfributes =uch as crack width and spalling depth won't be measured in most cases —
inzpectors must estimate sizes based on what they see,



http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf
http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf

“Flags” and “Measures”
describe the defects

Condition Indicators Roadway Indicators
—Needs Repair? —\Void in Road
—Piping —Road Distress
—Cracks —Inslope Cavity
—Holes —Erosion/Scour
—Deformation
—Misalignment Not in Condition Rating
—Max Joint Separation _Needs Clean?

—# Separated Joints —Plugged
—Separated Apron _Silt
—Spalling/Flaking —Sediment % Full
—Pitting/Rusting —Standing Water

—Infiltration


Presenter
Presentation Notes
Defects are recorded in the database and used to answer everyday questions.


Together

Materials, explicit criteria
and defect flags

create solutions



Research
Pipe Materials

13%
ZT4o045

Inspection flags

S h OW = : 01208 10% y All Conditions Concrete Pipes

Percent with Joint Separation

06.JAN11 HydInfra data
Joint Separation
In Concrete Pipe

This 2011 map was created after Highway Culvert inventory was
completed but before most Districts were focused on repairing pipes.



Flowchart Suggested Repair Report

for estimating repair costs

Example shows northeast MN potential pipe repairs on the map

Suggested Repairs

Bad pipes are sorted into PR
Repair Methods from traits o Suggeston

CIPL Misaligned

Maabih
CIPL Mot Round

o>

CIPL Small

Tt Joints

e P e
’ Sipiine

\\\\\


http://www.dot.state.mn.us/bridge/hydraulics/hydinfra/pdf/Flowcharts_for_Suggested_Repair_Report_HydInfra2013.pdf
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1 Repair me I act average bid Contract

2 r v it P dtract|  Total Cost
3 Diswet | District Cost

4 CIPL

3 e CIPL $183.973F

6 Jack 3§
I e Jack 24 5965 165
) — Paved Ivert 540 272 oo ssazsoq

Lhstric - b
[ =3 Reset $323. 374§
rou . . p. -

1 Jack Slipline 51552 383}s

15 Paved Inn |
16 Resel Trench wdl  $2.260 070

A7 Slipline ; ’ 365,

18 Trench 21 1633] 565 37|foot 526,362 84 each $726,406] 51893 .341]
19 |District | 3 ' | ' '
20 CIPL 23 3637 $129.65|foot $518,691|
iy Grout 5 644 $32.48|foct $23.009|

22 Jack 8 1286] 5725 00[foot 51,025 585
3 Paved Invert 2 152] 51624 $2.715

24 Reset 11 1029 52,449 80|each $29.643
25 Slipline 44 3833 §93 22[foot $393.043 2010

26 Trench 27 1848 56537 [foot $26.362 84 |each $915.860 52,908 546



http://ihub/bridge/hydraulics/hydinfra/pdf/2010723hydinfrarepairmethodsworkplan.xlsx

The sorting process for repair suggestion

|'" All Pipes ;

n Hyalrrm Dmamse

Flowchart of HydInfra Report:
Pipe Suggested Repair Method

Propogad and

Consider many ad nal factors before repairing a pipe:

1) If you reduce the hydraulic capadity of the repaired pipe you may cause problems — get a recommendation
from Hydraulics/WRE before you line or replace a pipe.

2} Verify Fipe's size, shape, material, length before a doing a major repair.

3) Compare the Field Recommended Repair to the Flowchart Suggested Repair and critically review each
suggestion against the condition problems (inspection flags and measures).

3) Additional work may be required with any repair methed, especially mud-jacking the road voids.
4) Soundness of road — can voids outside of the repaired pipe be adequately filled?

5) Structural integrity — will the pipe be structurally sound after repair?

&) Cost reduction by combining repairs — can several pipes be repaired together in a project?

7) Local costs of repair methods may suggest a different repair method.

&) Open trenching costs must include pavement cost except when part of a paving project.

3} The scope of the construction project (re-construction, overiay, maintenance)] may suggest choosing
replacement over repair, or vice versa

10} Traffic requirements — are lane closures required, or are they feasible?

11} Right-of-Way —is the hishway-owned work area sufficient for the repair method?

12) Accessibility — Can equipment or materials needed for the repair method reach the pipe?
13] Presence of large rocks prevents jacking — consult Materials Office for scils information.

14) Other repair metheds may be appropriate for any pipe, for example, “Joint Repair * may include internal
bands, grouting, or other method.

15} Pipes with Roadway Types “Entrance”, “Township Road"” or “City Road” might be open trenched, whereas
Mainline, Centerline, Ramp/Loop, Collector/Distribut and County Roadway Types often may not be, due to traffic.

16) Permit requirements —work with hydraulics to determine if any permits are required or cenditions that need
to be met.

17) CIPP Liners cured with hot water may contain Styrene that has caused fish kills in streams. Capture all heated
water used in resin-ouring process and truck to @ proper disposal site.

| ulau.sls Inplace or * :

DRSCMP_LOG DIST MM

Assumptions used for Repair Options:

Pipe repairs suggested are used for District or State-wide
cost estimates and are not a final repair recommendation.

Repair suggested is weighted by most common material
failure mode.

Permanence, low cost and simplicity of installation are
primary considerations.

Fixes done by MnDOT Maintenance are preferred to letting a
contract.

Maint=nance is equipped to do some repairs (like joint
repair, paved invert, slipline, and reset end sections) but not
others (like CIPP or Jack].

Contracts are required for Cured in Place Pipe Liner , open
Trench replacement, or Jacking.

Reduction in diameter reduces hydraulic capacity. Sliplining
reduces intemal diameter more than cured im place liner or
other methods, and limits its use.

In pipes less than 36" diameter (2.90 meters) difficulty of
human access will favor sliplining or cured-in-place pipe liner
over other methods.

Open trench replacement is least preferred for highways if
traffic is disrupted and likely more expensive when repaving
costs are induded.

Pipes under deep cover are more difficuft and expensive to
open trench.

Send suggestions for improvement to bonnie.peterson@state.mn.us

is described in a 3-page flowchart on the web

Repair Methods:

1= Reset (reset or replace end sections or

apron)

2 = Grout Joint Repair \F\ﬁ“ES%

3 = Paved Invert ’%
lipline [

(Cured In Place Pipe Liner) E
e . £

:t:iack(or auger, ramming, drilling, bursting @OFT‘RP‘@

B = Review (needs repair, no suggestion given) ) May 13, 2013

9= NA (not applicable) b

i Eyedrnlics
Eydinfrafor MEMT btml



http://www.dot.state.mn.us/bridge/hydraulics/hydinfra/pdf/Flowcharts_for_Suggested_Repair_Report_HydInfra2013.pdf

Correlate sets of defects —“flags”
with Material Type

Material/Flag combinations that we see in MnDOT photos:
Concrete Deformation Cracks Spalling
Concrete Joint Separation Road Void
Concrete Inslope Cavity Joint Separation
Concrete Joint Separation Infiltration

Steel Holes Road Distress
Steel Holes Deformation
Steel Holes Piping

Steel Holes Road Void
HDPE Cracks

HDPE Misalignment (floating)

Liner Deformation
HDPE



Presenter
Presentation Notes
Common combinations of defects show up for a given pipe material.  We research them to determine cause and effect. Pipe size, shape and cover can be correlated with material defects.


Prioritize based on today’s requirement

Choose your
biggest, worst culverts
that have piping and road voids
with shallow cover,
and highest ADT
(and highest price tag)



Or Prioritize based on today’s funds

Choose the pipes that
Maintenance can repair now
with little cash:

Resets, Paved Inverts, Joint Repair



Know which pipes to fix before
the paving project (not after)

HydInfra Project Design Report



Use Project Design Report to sort out
drainage features that need repair

E 0 P

\ R 3

MnDOT Hydlnfra Project Design Recommendation Report This report is used for project scoping or construction project hydraulic design recommendations.
Data Date T14/2016 It draws from HydInfra inventory and inspection data for culvert and storm drain pipes, hydraulic
structures (catchbasins, manholes, drop inlets) and special structures (pipe aprons or other

HW}’ 22 Ref. Pt. 145.00 to 157.00 items). This spreadsheet has only pipe data.

Designers review inspection data and determine repair or replacement needs. Flowchart

INSPECTION SUMMARY
SIZE | LENGTH HEIGHT [ CONN [ CONDITION
(INCHES)| (FEET) | MATERIAL (FEET) | PIPE | RATING | CORRECTIVE ACTION |Work Code| D.C. MISC. NOTES
1/2]3]afo R-L-0

r vT
145728 Centerine 587348 Concrete Round 2 -6 Fest maTa4
146.338 Centerling 597347 Concrete Round 2-6Feet 78,7548
146.906 Centerine 287348 Concrete Round 2-6Fest J78,776.6
147101 Centerine 587348 Concrete Round §-10 Feet 3787839
147267 Centerling 587350 Concrete Round 2-6Feet 378,791.0
148.070 Centerine 587351 Concrete Round 2-6Fest J78,845.0
148,842 Centerine 587352 Concrete Round 2 -6 Fest 378,882.1
148795 Centering 597353 5 Concrete Round 2-6Fest 7944
150770 Centering 287387 Concrete Round 2-6Fest 378,533.0
150,924 Centerine 597358 Concrete Round 2-6 Fest 3785406
151238 Centerine 597339 Concrete Round 2.6 Fest TEET4T
191474 Centering 597360 Concrete Round 2-6Fest 378,599.6
152653 Centerine 287362 Concrete Round 2-6Fest 378,666.5
153184 Centerine 597363 ] Concrete Round 2 -6 Fest 378,682.1
153916 Centerling 597366 ] Concrete CattlePass 2-6Feet 378,700.9
134246 Centerine 287367 Concrete Round Over 20 Feet 3787101
134552 Centerine 597363 Concrete Round 2 -6 Fest 787180
154,829 Centerling 597369 Concrete Round 2-6Feet 78 TST
155,008 Centerine 287370 Concrete Round Over 20 Feet 78,7306
155,328 Centerine 597371 Concrete Round 2 -6 Fest 3787406
155.582 Centerling 597372 Concrete Round 10-20 Fest 78,7498
156.057 Centerine 287373 ] Concrete Round 2-6Fest J78,766.2
136.138 Centerine 587374 Concrete Round 2 -6 Fest 378,769.3
- 2780

How to use the Project Desigh Report is on the HydInfra webpage



http://ihub/bridge/hydraulics/hydinfra/pdf/Project%20Design%20Reports%20and%20HydInfra%20Rating%20not%20just%20a%20number.pdf

Culvert Repair Cost

The purpose of the
Culvert Cost app

is to estimate the costs
of future repairs

by capturing

Labor, Equipment and
Materials costs

of current repairs
done by Maintenance

Culvert Repair Cost - Individual Repair Details Report
Repair ID:

Repair Status: Final
RCA Work Order #:

Hydinfra ID:
Date Completed: 06/11

Date Started: 0

Repaired Material: Full Name:

Total Length | Repaired Shape:
Clean Done: Inside Height {Inches

Inside Width {Inche:

Route

Pre-repair Condi Route Numbe:

Repaired Conditi Route Refere

Lefto

Eguipment Costs ~ Material C
§1,142.20 $1,

TOTAL COST

1T LowEoy

ton - HR
JHP - HR

4 - HR




Paved Invert

e Trench New Pipe
e Slipline
 Replace Aprons
* Reset

e Extension

* Joint Repair

* Hole Repair

e Paved Invert

e Fill Voids

e Remove Only

e Abandon Only
e Other

of paved invert.

Fix the invert of the pipe by pouring, troweling or covering
the invert with concrete or other material, usually in a

larger metal pipe (accessible for interior repair). May also
include filling voids in road bed. Repaired Length = length

Paved Invert repair, done in 1971, on steel plate culvert
still looks good in 2015. Has a channel that keeps most
flows away from galvanized steel sides. 2005 Photo from
Bergstrand, D1


Presenter
Presentation Notes
1971 paved invert still good in 2005  D1  S:\Hydraulics\Design_Aids\Pipes and Materials\Repair Methods\Paved Invert\D1_Sandstone_1984_steel_pipe_with_paved_CONCRETE_INVERT


Fresh
Paved Invert

Pipe Is
condition 2
if repair is
successful

D6 Rob Coughlin, 2013



Maintenance is switching culvert materials
for longer lifespan

Galvanized 16 gage
B

Culvert Cost - Maintenance Installed New Pipes 2014-2015

MnDOT Research shows projected Culvert Cost app shows Plastic and Aluminized
lifespan for Galvanized Steel (red pipe installed by Maintenance (green and blue
northeast MN is bad for galvanized) dots, galvanized are red dots)




Service Life Comparison
Minnesota Steel Culvert Pipe Service-Life Map Research
Galvanized 16 gage ceas Aluminized 16 gage
¥ : =



Presenter
Presentation Notes
2015 MnDOT Research suggests that Aluminized steel pipe last much longer than Galvanized in most areas.
These are associated with the project report located at  http://www.dot.state.mn.us/research/TS/2015/201531.pdf 
The report provides information on the data sets and assumptions used to generate the maps, the executive summary is useful in summarizing key findings and considerations. It is recommended that you read Chapter 5 before using the maps, particularly section 5.3  on Limitations and Caveats to zone map and pipe selection table.
 
This project used existing resistivity and conductivity data (confirmed with field measurements) in the CalTrans equation to compute service life for steel pipes.  The result was a set of maps that provide service life estimates for a range of coatings and gages.  Part of our work on asset management is to provide supporting information that can be used to make decisions on the most cost effective (LCC) selection, this research supports that goal. In the future the plan is to incorporate this information and additional guidance on pipe material selection into the Chapter 2 of the Drainage Manual.  In the meantime feel free to use the report results as appropriate.  
 
Here are some of the things that should be considered when using these maps:
Select a design service life needed to meet your needs. Examples might be 100 year for Interstate, 75 year for highway culverts and 50 year for entrances.
Equations are based on the assumption that there is a low abrasion potential such as grassed roadway ditches.  If abrasion occurs the maps will overestimate service life. Abrasion occurs when sediment is transported e.g. visible sediment movement and/or higher velocity.    
Localized conditions such as bogs, swamps, peat or standing water may accelerate deterioration and maps may overestimate service life. Consider proximity of these features to the pipe site particularly if water from these areas (with potentially more corrosive water then the surrounding soil would predict) will flow towards and through the pipe.
Where appropriate consider coatings (aluminized or polymeric coated) or increasing gage (thickness) to extend metal pipe service life. 
Wet conditions accelerates metal pipes deterioration.  Even if pipes are initially designed to be dry, flatter ditch grades that are prone to sedimentation, or agricultural tile drainage could increase the  frequency and duration that culverts are exposed to wet conditions. These factors are not included in the map development but should be considered by the engineer designing a culvert.
There are many other factors that may influence the selection of pipe material not just service life or initial cost e.g. risk, foundations, wet/water, deflection potential, steep slopes, constructability or past performance (consider that most historical CMP are galvanized with the minimum gage).  Each site has unique constraints and it is up to the hydraulic designer to make and document the decision on what pipe materials should be allowed and if alternatives should be provided.  In some cases such as locations where there is differential settlement or steep slopes metal pipe may be the best option regardless of it’s durability.
 
The following Disclaimers apply to all data and links provided.
Disclaimers
General disclaimer of warranties/liabilities; applies to all users
Neither the State of Minnesota, the Minnesota Department of Transportation nor their employees make any representations or warranties, express or implied, with respect to the use of or reliance on the data provided herewith, regardless of its format or means of transmission. There are no guarantees or representations to the user as to the accuracy, currency, completeness, suitability or reliability of this data for any purpose.  THE USER ACCEPTS THE DATA "AS IS" AND ASSUMES ALL RISKS ASSOCIATED WITH ITS USE.  The Minnesota Department of Transportation assumes no responsibility for actual,  consequential, incidental, special or exemplary damages resulting from, caused by or associated with any user's reliance on or use of this data, even if appraised of the likelihood of such damages occurring. 
Disclaimer of warranties for contractors
Notice of Disclaimer: The Minnesota Department of Transportation makes the information on this site available on an "as is" basis.  ALL WARRANTIES AND REPRESENTATIONS OF ANY KIND WITH REGARD TO THE INFORMATION ARE EXPRESSLY EXCLUDED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.  Under no circumstances will MnDOT, or any of its officers or employees be liable for any consequential, incidental, special or exemplary damages even if appraised of the likelihood of such damages occurring.  MnDOT does not warrant the information against errors, omissions or deficiencies of any kind. The use of any of this information for work which is under contract with MnDOT does not relieve the contractor from any obligations assumed by the contract, or from complete and proper fulfillment of the terms of the contract, nor does it entitle the contractor to compensation for damages or loss which could be attributed to such use. 
Disclaimer of duty to continue provision of data 
Due to the dynamic nature of the Internet, resources that are free and publicly available one day may require a fee or restricted access the next, and the location of items may change as menus, homepages, and files are reorganized. The user expressly agrees that use of MnDOT's Web site is at the user's sole risk. The State does not warrant that these services will be uninterrupted or error free. The documents and related graphics published on these servers could contain technical inaccuracies or typographical errors. Changes are periodically added to the information herein. The State and/or its respective agencies and programs may make improvements and/or changes in the information and/or programs described herein at any time. 
Maps and related data
The State of Minnesota makes no representations or warranties expressed or implied, with respect to the reuse of the data provided herewith regardless of its format or the means of its transmission. There is no guarantee or representation to the user as to the accuracy, currency, suitability, or reliability of this data for any purpose. The user accepts the data “as is." The State of Minnesota assumes no responsibility for loss or damage incurred as a result of any user’s reliance on this data. All maps and other material provided herein are protected by copyright. Permission is granted to copy and use the materials herein. 
Disclaimer of endorsement
The State of Minnesota is a distributor of content sometimes supplied by third parties and users (for example, we distribute Adobe Reader so people can read PDF files appearing on this site). Any opinions, advice, statements, services, offers, or other information or content expressed or made available by third parties, including information providers, users, or others, are those of the respective author(s) or distributor(s) and do not necessarily state or reflect those of  MnDOT and shall not be used for advertising or product endorsement purposes. Reference herein to any specific commercial products, process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsement, recommendation, or favoring by the State. 
Linking policy
Any website can link to the Minnesota Department of Transportation Web site. If you link to this site, you may not portray any person or subject in a false or misleading light. You must also refrain from creating frames, or using other visual altering tools, around the MnDOT identity. Lastly, you may not imply that the state of Minnesota or the Minnesota Department of Transportation is endorsing your product or services. 
Minnesota Department of Transportation staff members will evaluate each requested link based upon the following criteria: 
The suggested Web site must either be a state or local government agency/quasi-agency or non-profit entity, or must provide information related to state or local government or other statewide interest. Commercial Web sites will not be considered unless they provide significant information or services of a statewide interest or are in partnership with a state entity. 
Disclaimer for external links
The State of Minnesota is not responsible for the contents of any off-site pages referenced. The State cannot control and is not liable for the defamatory, offensive, or illegal conduct of other users, links, or third parties. The risk of injury from the foregoing rests entirely with you, the user. Links from the State of Minnesota's Web pages on the World Wide Web to other sites do not constitute an endorsement from the State. These links are provided as an information service only. It is the responsibility of the Web surfer to evaluate the content and usefulness of information obtained from other sites. MnDOT's Internet site contains links to other related World Wide Web Internet sites and resources. Since MnDOT's Internet site is not responsible for the availability of these outside resources or their contents, you should direct any concerns regarding any external link to its site administrator or Webmaster.


HydInfra-Culvert Cost
Capabilities:

Performance Measures

Prioritize Repairs

Estimate Costs — “Suggested Repair Method”
Maintenance Planning

Project Pre-design

Respond to flood damage

MS4 Water Quality record keeping

Utilities locations — “Call before you dig”

EEECE A

Research pipe materials
10. Lifecycle cost analysis
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