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This webinar will focus on qualitative models to assess conditional and performance of in-
service assets and forecast remaining service life for geotechnical management
applications. Presenters will share current practices and gaps for assessing the condition of
culverts and other geotechnical assets.

Learning Objectives

At the end of this webinar, you will be able to:

+ Identify the current practices and gaps in assessing conditions of culverts and other
geotechnical assets

» Evaluate the methods to develop performance models for culverts based on different
condition assessment data

* Implement performance forecasting to estimate remaining service life of in-service
geotechnical assets



Questions and Answers

» Pleasetype your questions into your webinar
control panel

« We will read your questions out loud, and
answer as many as time allows
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Agenda

» Geotechnical Asset Management

 Condition Assessment and Performance Modeling Concepts
« Case Study

* Model Fitting and Forecasting

* Beyond this Webinar



Geotechnical Asset Management

GAM includes several components
and the agency’s focus can vary.

Generally, a GAM program includes
multiple steps and requires an
iterative and cyclic to improve and
refine the program throughout its
Implementation.

Define and
Locate Assets

Incorporate
SeeEES Assess A_ssets

Improvement Condition

Assess and
Model
Performance

Communicate
Results

Conduct

Investment
Analysis

Implementation steps, modified from NCHRP
Project 24-46



Design Life and Service Life

* Design life can be defined as the
period on which the statistical
derivation of transient loads is based.

e Service life is the forecasted time the
asset will provide desired function and
remains in service.

- Service life is typically modeled based §

on real world observations.



Role of Performance Models

-
l
> 1

* Performance models can be used to
estimate remaining service life.

Condition

* Performance models are the
guantitative tool to forecast the future
and manage the assets.

s(ty) € s

* Performance models are used to
estimate the benefits and control the
risks.




Performance Modeling Process

Identify Limit States
* Understanding deterioration I

mechanisms is important to select Define Elements and Components
the representative model. I

Define Deterioration Mechanisms

* ltis critical use the proper statistical

assumptions and the forecasting with _ _i _
interpretation techniques Develop Condition Rating System

;

Develop Data Collection Process

;

Develop Performance Models




Types of Deterioration and Performance Models

Physical
Model Process Inference

Mechanistic

Continuous Deterministic

Discrete Probabilistic

Mechanistic-
Empirical




Case Study: Ohio Culverts

ODOT Manual of Bridge Inspection 2014 v8

Condition Rating Inspection

Field Manual (Chapters 7 & 8)

Culvert Seams — “ded” CONDITION RATING

tem - 47, Seams
Type = Concrete
1-4 -0
Summary General Alignment Backfill
1-Good S-Excellent | Straight line between sections.
8-Very Good ) )
Mo settlement or misalignment; Tight with no defects apparent.
7-Good Minor distress to pipe
material adjacent to Minor misalignment at | Possible minor
joint. Shallow mortar | joints; off sets less nfiltration of fills no
deterioration at than 1,/2 inch. settlement.
isolated locations.
- Extensive areas of
Satisfactory | shallow deterioration; Binor backfill infiltration
milzsing rmiortar at Dislocated end :i..le to slight opening at
isolated locations; aection Joints; minor cracking or
possible infiltration or ' spalling at joints
2-Fair exfiltration; minor allowing exfiliration.
cracking.
S-Fair Significant cracking, Jaoint offsat less than 3 Joint open and allowing
spalling, buckling of inches. End sections backfill to infiltrate
pipe material, loose or | dislocated about to '
— S infiltration staining
Isolated locations. generally deteriorated. BRI
4-Foor Voids seen in fil
through offset joints. ifferential movement | .
End sections dropped and separation of Significant infiltration or
off at inlet. Martar . exfiltration bebween
joints, Joint offset less
severaly deteriorated, Masonry units.
) than 4 inches.
significant boss of
3-Poor maortar.
3-5erious Significant openings,
Large voids seen in fill | dizlocated joints in Infiltration or exfiltration
through offset joints. | several locations cawsing misalignment of
Extensive areas of exposing fill material pipe and settlement or
missing mortar. with joint offsets depressions in roadway.
greater than 4 inches.
2-Critical Culvert not functioning due to alignment problems throughout. Large voids
a-Critical seen in fill through offset joints.
:':IETEIMM Pipe partially collapsed or collapse is imminent.

Table 57 - Condition Rating: Culvert Concrete Seams




Condition Data

: T’y =2 Years
Common data issues: 10 - =
® 00 @
» Sudden data drc_)p due_to - E 3 soe osee oecsesee
performance rating variability = Sy esccccecee
o . = -
- Significant condition 3 © Tg = 18 Years s
Improvement without £ 4
recorded reconstruction or <
preservation interventions o “
» Missing performance rating 0
data within evaluation period 0 10 20 30 40

Age (Years)



Condition Data as a Markov Chain Processes
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Expected Future Condition

Expected Value of the Condition Distribution after n years is:
E(C|T =n,P) = MR

9
R=|8
M, = C,P"

Transition Probability Matrix

States 9 8 7 6 5 4 3 2 1 0
0.28365 0.60806 E(C|IT =5,P)=8.1
0.92769 0.00471

0.33531 0.26446
0.48884 0.2596
0.51384 0.2649

Ul OO N 00 ©

11



Estimating Transition Probabilities

Minimize the absolute difference between the average condition at age ¢
and the expected value from Markov chain by changing the probabilities:

..R

P11 " P11o P11 = Pi1o
—Co[ E E ][ E :

Pio1 = DPio1ol LP1io1 = Pio1o

12



Ignoring Variability Reduces Accuracy

4-Sided CIP

[N
o

Average Culvert Summary

0 20 40 60 80 100 120
Age (Years)
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Survival Models P (Ts 28006

State A State B

14



Forecasting and Interpretation

Type 8, Condition 7

0.015

0.01

PDF

0.005

0 20 40 60 80 100
Time-Period (Years)
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Summary

Incorporate
Process
Improvement

Communicate
Results

Define and

Locate Assets

Conduct

Investment
Analysis

Assess Assets
Condition

Assess and
Model
Performance

Identify Limit States

:

Define Elements and Components

:

Define Deterioration Mechanisms

:

Develop Condition Rating System

;

Develop Data Collection Process

;

Develop Performance Models

16



Beyond this Webinar?

1. Develop procedures to infer performance of individual assets.

2. Use of physics (or engineering) based Al to develop better modeling and
optimization techniques.

3. Incorporate uncertain extreme events in performance modeling and planning.
4. Quantify the resiliency of assets’ performance.

5. Geotechnical assets are heterogeneous, can we develop a more
homogeneous condition and performance scheme to incorporate multiple
assets?

17



Corridor Health
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Project Location and Approach i R
* Chiniak Highway, MP 15 — 31 _ =

* Two lane roadway constructed in 50s, paved circa 90s

e STIP (3R) Rehabilitation Project
* Mitigate Safety Concerns

e Reduce Crashes el
* Improve Sight distance Kodiak -
P ° Island AR Chiniak Bay PACIFIC
* Improve Roadway ot | oo olcEAn

Alaska e

e Subgrade and surface

* Vertical/horizontal curves
e Guardrails

* Drainage/culverts

e Limited S for SSSS work

Chiniak YWy,



Scope the Project

Where is poor performance occurring?

What is contributing to performance?




i/

Soil Slopes

Culverts ¢

Pavements
&

Bridges

Variable Data, Many Sources, Non-Standardized



Critical Assets

* |dentify which assets drive Scope
* Pavement
* Bridges
Culverts
Roadway Geometry
Geotechnical (slopes, retaining walls)

* Ratings considered:

e Safety
* Develop method to evaluate each * Reliability
asset within a Good/Fair/Poor, 0-  General Fund Costs

100 scoring framework * Other impacts and considerations



Culvert Material

Culvert Shape

Culvert Rise

Culvert Span

Culvert Length

Pipe Physical Condition
Pipe Structural Condition
Flow Condition
Embedment Depth

Baffles Present

Height of Cover

Roadway Deflection

Inlet Type

Inlet Structural Condition
Inlet Embankment Condition
Inlet Channel Condition
Outlet Type

Outlet Structural Condition
Outlet Embankment Condition
Outlet Channel Condition
ADF&G Fish Passage Rating

Asset — Culverts

e Existing method of analysis
* Non-Standardized
e Based on Inspections

VVVVVVVYVYVVVVVVYVYVYVVVYVYYVY




Asset — Culverts

e Rating Method

1.
2.

Fail Condition Screening

Calculate worst of Physical Condition,
Structural Condition, and Flow
Condition

Calculate worst of Inlet/Outlet
Embankment Condition

Average these values
Adjust for Fish Passage Rating

Attribute

Pipe Physical Condition

Pipe Structural Condition

Flow Condition

Inlet Embankment
Condition

Outlet Embankment
Condition

Fish Passage Rating

Description

Like new, no defects
Cracked, spalled, light rust

Broken, rust pitted, weathered joints

Deteriorated, rotted, bottom out
Unknown
Good, no sags or deflection

Fair, minor sags with no ponding, minor
deflection that would inhibit the installation of
a liner pipe

Poor, major sag with ponding, major deflection
that would inhibit the installation of a liner
pipe

Pipe collapsed

Unknown

Open

< 1/2 clogged

1/2 or more clogged

Unknown

Good, no slope failure

Fair, eroded slopes are localized and easily
repairable

Poor, eroded slopes have potential toimpact
roadway

Unknown

Good, no slope failure

Fair, eroded slopes are localized and easily
repairable

Poor, eroded slopes have potential toimpact
roadway

Unknown

Green

Gray

Red

Black

Rating
Value




Asset — Culverts

e Rating Method compared to Inspection Photos

Good Rating Fair Rating

[




Asset — Geotechnical Elements

e Existing method of analysis

* Significant existing
methodology for assessing
geotechnical conditions

* Geotechnical Asset Management
(GAM) elements

* Existing Alaska inventory

 Documents retaining walls, rock
slopes, and soil slopes that are
impacting the roadway

e Location and Condition of
Material Sources




Asset— GAM Elements

aska
Ver. 1.1 Dec 2

Site Information

Region
Highway Name

CDS Route Number
Highway Milepost
CDS Milepoint
Latitude

Longitude
Comments

Site Measurements
Slope Height (ft)
Slope Length (ft)

Block Size (ft)
Event Volume (cy)

Site Summa
Condition Index
Condition State

Condition State text

Slope Hazard Ratin,

Community

CHINIAK HIGHWAY Maint. District

Maint. Station
Common Name
-slope
Mitigation Present
Site Rating Status

Rated By B. George, A. Mines
Rating Date | 5/14/2019 7:52:53 PM
St 1D

Kalisen Bay

Rockfall Type

Rock Avalanche
Planar Failure

Wedge Failure
Toppling Failure
Raveling/Undermining
Block Failure

Split 2010 site 0674000018142010 in 2 based on activity and presence of drainage channel. Frequent
maintenance issue, jointed rock under glacial till slope. Rockfall frequently crosses road. 12 ft ditch. Activity

increasing towards N end of slope

Roadway Width (ft)
Speed Limit (mph)

Annual Precipitation (in)
AADT (count) | 529

Total USMP Rating 562
Hazard Rating
Risk Rating 119

Sight Distance | 430
AASHTO DSD (ft)
GIS Alaska Precipitation Map — https://arcg.is/1kmhCUN

GIS 2012/2013 AADT Map - hi nAIGW

Programmatic Improvement Cost to CS1

(533813 |

Calculation is programmatic and does not reflect site-
specific needs. Actual costs may differ significantly

Highest of size of volume scores
Slope Height Score

Case 1 Structure Score
Case 1 Joint Friction Score
Case 2 Features Score
Case 2 Diff Erosion Score

Ditch Effectiveness Score
Maintenance Freq. Score
Rockfall History Score
Annual Precip. Score
Slope Drainage Score

sk Ratin,

% Time Car Within Site
Impact on Traffic Score
ROW Impact Score
Environ. Impacts Score
Maint. Complexity Score
Maintenance Freq. Score
Event Cost Score

R

EN
o
N
L 1|

Discon. Fav, discon rand, discon adverse, cont. adverse
Rough Irreg, undulating, planar, clay filled/slickensides
Few features, Occ, Many, Major

Small diff, mod, Large w/fave, Large w/Unfave
Geologic Character Score (Highest sum of Case 1 or Case 2 Scores)
Good, Moderate, Limited, None Ditch Effectiveness Score
Sched. Ditch maint, patrols after storms, daily seasonal patrols, daily patrols Maint. Freq. Score
Few, Occ, Many, Constant Rockfall History Score
Annual Precip Score

Dry or well drained, intermittent water, usually wet, always wet Water on Slope Score

3813
81

81

77
50
50
50
81

54

43

3.

7
so |
so |
so |
N
EN

Hazard Subtotal

Decision Sight Distance Score

Roadway Width Score

AADT Score

Average Vehicle Risk Score

Minor Delay, One Lane Open, 100 mi or 1 day closure, no detour or 3 days+ Traffic Impact Score
None, Minor, Private property-no structures, structures/roads/RR/util/parks ROW Impacts Score
Zero points if no environmental impacts are likely, 50 pts if some possible Environ. Impacts Score
Routine, Specialized Equip, Difficult effort/location, Complex/dangerous Maint. Complexity Score
Sched. Ditch maint, patrols after storms, daily seasonal patrols, daily patrols Maint. Freq. Score
$10k, S50k, $100k, $250k in reasonable worst case Event Cost Score

Risk Subtotal




Asset— GAM Elements

e Supplemental Rating — Threatening Slopes




Asset— GAM Elements

e Supplemental Rating — Threatening Slopes

Threatening Slopes Rating Categories
Potential Roadway Impacts

Potential Traffic Impacts

Potential Level of Maintenance Effort Required

Potential Length of Roadway Affected
Slope Condition

Distance from EOP to Feature




Compile Data

* 8 bridges

* Including 8 river banks and 8 supplemental bridge ratings
* 16 miles of pavement

* 17 rock slopes & 5 soil slopes
* Including 12 threatening slopes

* 5 retaining walls
e 107 culverts
150 horizontal curves & 400 vertical curves



Compile Data

* Combining dissimilar asset types
e Asset Rating Systems give a 0-100 value for each asset
* Weighting system
* Needs to be adjustable based on project requirements

Asset Type Asset Weight

Bridges

Culverts
Pavement
GAM Elements

Roadway Geometry




Compile Data
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Corridor Level (For Segmenting)

Si = Average Asset Condition Score per Milepoint Bin
Corridor Health Score =) [(Si — MAC) X Wi] MAC = Minimum Acceptable Condition (per asset)
Wi = Asset Weighting

MINIMUM
ACCEPTABLE
CONDITION

Mile Post 15 24.5 27.7 31
Potential Project Segment

Binned by 0.5 mile



Segment Level (For Projects)

ABOVE ACCEPTABLE PERFORMANCE

MINIMUM
ACCEPTABLE
CONDITION

Mile Post 24.5 25.7 25.9 27.5 27.7
24.6 Potential Project Area Potential Project Area

Binned by 0.1 mile



Asset Level (For Scoping)

Asset Key: ThreateningSlope m PavementRutting 4 PavementCracking ¢ Pavement IRl (smoothness)

Culverts Oversteepened Embankments Longitudinal Cracking

100

Asset Condition

25.7 25.9 26.2 27.5 27.7
Slope Stabilization &

Pavement Repairs Binned by Asset

Mile Post 24.5



Asset Level (For Costing)

Asset Key: ThreateningSlope m PavementRutting 4 PavementCracking ¢ Pavement IRl (smoothness)

Culverts Oversteepened Embankments Longitudinal Cracking

100

Asset Condition

0
Mile Post 24.5 25.7 26.2 27.7

Slope Stabilization &
Pavement Repairs Binned by Asset




Selected Project Areas with Estimated Costs
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: ' -----
Corridor Segmentation ---
---

 Total Corridor Needed Cost = S58 M

* Project 1 Cost (Seg 2*,5)=S18 M
* Soldier Pile Spot Repair, Rehab, Resurfacing

* Project 2 Cost (Seg 2.4, 3, 6)=S17 M --- -
* Rehab and Resurfacing

* Project 3 Cost (Seg 2.1,2.2)=S13 M

See ==
e Construction Total = S48 M _-
* Remaining Project Costs = $10 M _--- -




Next Steps

* Chiniak Highway
* Developed a Pre-Environmental Review package for the entire corridor
* Develop designs and construction documents for the identified projects

* Corridor Health Index
* Implement the process on additional corridors
e Adjust process as more is learned
* Increase usability of data analysis
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ODOT CULVERT DURABILITY AND
SERVICE LIFE METHODOLOGY

Kyle Brandon, P.E.
April 24, 2023




BASICS OF CULVERT DURABILITY

o Durability Concepts
o ODOT Durability Design Methodology

o Durability Research
o ODOT Durability Spreadsheet

o Future of Service Life Estimation



DURABILITY CONCEPTS

o Culvert Durability

o Resistance to environmental degradation
o Corrosion
o Abrasion
o Thermoplastic degradation?
O

Other factors not considered herein
o Joints

o Structural

o Freeze-thaw

o Installation



DURABILITY CONCEPTS

o Combined Abrasion

and Corrosion

o Corrosive layer formed and
then abraded away

o Resultant section loss can
be many times greater than
addition of each individual
processes




DURABILITY CONCEPTS

o Abrasion

o Progressive section loss
o Almost always evidenced in culvert invert
o High stream velocities
o High bedload
o CalTrans has extensive information on abrasion
o Used as a resource for ODOT Design and Inspection



DURABILITY CONCEPTS

Abrasion Levels and Materials

°
O O D O I A b r a S] O n ibl:“"m General Site Characteristics Abrasmn General Site Characteristics
evel Level

Bedloads of silts and clays or
clean water with virtually no

Moderate bed load volumes of

Level 1 abrasive bed load. Level 5 angular sands and gravel or rock.
Non-Abrasive Material
Moderate bed loads of sand or

Level 2

gravel. Moderate bed load volumes of
angular sands and gravel or rock.

Moderate bed load volumes of Level 6 OR
sand, gravels, and small
Level 3 cobbles. Heavy bed load volumes of angular

sands and gravel or rock.

Moderate bed load volumes of

Level 4 angular sands, gravels, and
cobbles/rocks
Sand 0.002 inches — 0.08 inches
Gravel 0.08 1inches—0.16 inches
Pebbles 0.16 inches— 2.5 inches

Cobbles 2.5 inches — 10 inches
Boulders 10 inches or greater




DURABILITY CONCEPTS




DURABILITY CONCEPTS

o Corrosion
o Acids
o Less than 5.5 is strongly acidic
o Greater than 8.5 strongly alkaline




METAL CULVERTS

o Steel

o Protective Coatings
o Galvanizing
o Aluminizing
o Bituminous coating
o Polymer coating
o Invert paving

o Aluminum




METAL CULVERTS

o Steel
o pH between 5.5 - 8.5

o Not recommended for highly abrasive sites unless
protective coating provided

o Aluminum

o pH between 5.5 - 8.5
o Not recommended for highly abrasive sites



CONCRETE CULVERTS

opH<5
o Use special concrete mix with high alkalinity
o Add sacrificial concrete cover
o Coatings

o Generally abrasion resistant
o Sulfates > 0.5%

o Use special cements (Type V cement)



PLASTIC CULVERTS

o Generally inert to corrosion

o Resistance to very high abrasion is not well
documented

o Oxidation
o Currently handled through material standards

o Slow-crack growth
o Currently handled through material standards

o UV Degradation



ODOT METHODOLOGY

o Conduit Inspection Program
o Durability Study
o Durability Desigh Methodology

o Service Life Prediction
o Durability Spreadsheet



CONDUIT MANAGEMENT

Material- Concrete Culvert
Material e
- Category Description
OHIO DEPARTMENT OF TRANSPORTATION Code
9 Excellent New Condition; superficial and isolated damage from censtruction
CULVERT MANAGEMENT MANUAL 8 Very Good Hairline eracking without rust staining or delamination(s). Surface

in good condition Isolated damage from construction.
Hairline eracking; no single crack >*/: sinch without rust staining
parallel to the direction of traffic. Light scaling en < 10% of

7 Good exposed area < 1/8 inch deep. Delaminated/Spalled area < 1% of
surface area. Note: cast-in-place box culverts may have a single
large crack (<*/qs inch) on each surface parallel traffic direction
Hairline map cracking with molted areas; cracks <% in. parallel to

6 Satisfact traffic with minor efflorescence or minor amts of leakage. Scaling

O o <20% of exposed area <% inch deep. Spalled areas with
exposed reinforcing <5%. Delaminated/spalled areas <3% of SA
- — . GENERAL

Map cracking; cracks <% in parallel to traffic or </4¢ in transverse

5 Fair E;:%:Eﬂt fﬁ;ﬁ;;ﬂ;ﬁ;ﬁ?ﬁ:ﬁ e é;:}:lu:ge{l General Appraisal and Operational Status
areas with exposed reinforcine < 10%. Total delaminated/snalled This is a two-part item. The first box is for coding the general, overall condition of the culvert. The
areas < 15% gfmrface area. £ : P second box is for coding the operational status of the culvert.
Transverse cracks open =% inch with efflorescence and rust .
staming. Spalling at numerous locations; extensive surface scaling E - General A‘Dprmal (GA) . . .
on invert >% inch. Extensive cracking with cracks than The General Appraisal (GA) is the lowest rating of the bold box items on the CR-86 form. The

4 Poor 1 inch with efflorescence. Spalling has caused exposure of heavily Headwall and Scour ratings are only considered bold for those stmetures deemed Scour or
corroded reinforcing steel on bottom or top slab; extensive surface Headwall Critical by the inspector.
scaling on invert =% inch (approximately 50% of culvert is
affected). Code Description
E:xten.siv.e cracking with spa.]l:'.ng, delamination(s). and shght g As built condition

3 Serious daﬁ‘ereuna.l movement; scaling has exp-osgd all surfaces of the 3 Very good condition - 2o problems 1
reinforcing steel in bottom to top slab or invert (approx all exposed — -
surfaces are 50% loss of wall thickness at invert; conerete very soft. 7 Good condition - some minor problems
Full depth holes; extensive eracking =%: inch. Spalled areas with 6  Satisfactory condition - structurz] elements show some deterioration

2 Critical exposed reinforcing > 25%; total delaminated/spalled/punky 5 Fair condifion - all primary structural elements are sound, but may have minor section loss
mﬂcm_te aI'EaS_:1°50% of surface area. Reipforcing steel bars have 4 Poor condition - advanced section loss, deterioration, or spallins
extensive section loss and bar perimeter is completely exposed. 3 Senous condition - loss of section, deterioration, or spalling have senously affected primary structural

Imminent i L components
1 Failure Culvert partially collapsed or collapse is imminent. ,  Cuical condifion - advanced deterioration of primary structual elements. Culvert should be closed or
lozely itored, until comrective action 1s tak
R ] Failed The culvert 1s collapsed g[mmmm:nmmd, m::u Ve ; ™ L Een o ~
VERSION: JULY 2016 1 ot hure ¢ on -major deteriorationsection loss present on stuctwral compenents. Culvert
closed to traffic.
[} Failed condrnion - out of serice - beyvond comective action




CONDUIT MANAGEMENT

STATE OF OHIO DEPARTMENT OF TRANSPORTATION
CULVERT INVENTORY REPORT

CR-87 07-16
CULVERT FILE NUMBER. | 1. Entry Class |
LOCATION AND ROUTE INFORMATION
2. District | 3. County 1 1
4. Route [ ] 5_ Straight Line Mileage T TTT
€ Latitude 7 Longitude
[ T [ T 1 | [ [ ¥ [ [ [ T |

8. Special Designation

9. Culvert Owner

10 Man R thility

11. Feature Intersection

CULVERT

12. Year built [ [ [ [ 135 *umber of Calls

14. Broken Back 15. Culvert Shape [
16. Culvert Material 17. Span (Inches) [ ]
18. Rise (Inches) [ 19. Length (Feet) [

20. Metal Gage Thickness 1

21. Metal Gage Thickness 2

22. Type of Pipe P4

23. Slope of Pipe (Percent)

24, Slope Duection

25, Skew (Degrees)

26. Skew Direction

27. Inlet End Treatment

28. Cutlet End Treatment

29. Maammm Height of Cover (Feet)

30. Height of Inlet Headwall (Fest)

31 Tnlet Headwall to EOP Distance (Feet)

32. Height of Cutlet Headwall (Feet)

33. Outlet Headwall to EOP Distance (Feet)

34, Drainage Area (Acres)

35. Drainage Discharge (CFS)

36. Abrasive Conditions

37. Abrasion Level

38 pH

30 Charmel Protection (Talet)

40. Channel Protection (Crutlet)

Inventory Modifieations

41. Modification Type

42 Year Modified

43. Modification Material

44 Modification Size (Inches)

43, Tulet Exttension Year [ [ | 46. Tnlet Extension Shape [
47. Inlet Extension Material 48 Tnlet Extension Span (Inches) [ ]
49 Tnlet ion Rise (Inches) [T ] 50 Metal Intet Gage Thickness 1

51. Metal Inlet Gage Thickness 2 [ ] 52. Inlet Extension Length (Feet)

53. Outlet E: Year [ T 1 | 54 Outlet Extension Shape

55. Outlet Fxtencion Material [ 56. Outlet Extension Span (Inches) [ ]
57 Outlet | Rize (Inches) 58 Metal Outlet Gaze Thickness 1 [

58. Metal Outlet Gage Thickness 2

80. Outlet Extension Length (Feet)

COMMENTS (use back of form if addifional space 1= needed):

INVENTORIED BY:

DATE.

Tuly 2016

74|Page

STATE OF OHIO DEPARTMENT OF TRANSPORTATION
CULVERT INSPECTION REPORT

CR-86 07-16
CULVERT FILE NUMBER CULVERT NUMBER - DISTRICT
0 ROUE 5] SIM
SPAN SHAPE MATERIAL LENGTH
ROADWAY ID ENTRY CLASS NUMBER OF CELLS
LATITUDE LONGITUDE
FEATURE INTERSECTION:
CULVERT CONDUIT
L Level of Laspection 1. Level of Inspection M | 2. Material
2. General 3. Culvert Alignment
3. Conduit Alignment 7 | 4 Shape
4. Shape 5. Seams or Jouts
6. Slab 7. Abutments 5. Seams or Joints 7 | 6.Slab
8. Headwall:* 9. End Structure 7. Abutments 8. Headwalls *
CHANNEL 9. End Structure
10. Channel Aligrment 11. Protaction
12, Culvert Waterway Blocksge 13 Scour CHANNEL
10. Channel Alignment 5 | 11. Protection
APPROACHES
it W, v s
14 Pavement 15. Gumdall I 12. Conduit Waterway Blockage 7 | 13. Scour
16. Embankment
APPROACHES
GENERAL APPRAISAL & OPERATIONAL STATUS I I I
*Only a bold box for stuctures that are Headwall or Scour crifical Thesa items should not govern the GA if they 14. Pavement 7 | 15. Guardrail
are not determined fo be critical upon the judgment of the nspector.
16. Embankment 7

INSPECTED BY: DATE:

July 2016 73|Page

| GENERAL APPRAISAL & OPERATIONAL STATUS Elz




DURABILITY STUDY

Assessment of ODOT’s Conduit
Service Life Prediction Methodology

Prepared by Shad Sargand, John Hurd, Kevin White, Teruhisa
Masada, Johnnatan Garcia-Ruiz, and Gabriel Colorado-Urrea

Prepared for the Ohio Department of Transportation
Office of Statewide Planning and Research

State Job Number 134725
September 2016

Final Report

Abrasion Level 1
120 q .
IS —4#— Casing (0.5}

100 R S -----G1(0.280)
e — —G3(0.249)
- emeee G5 (0.218)
- - - G7 (0.188)
. —.— G8(0.168)
0--ooeee G10 (0.138)
= G12 (0.109)
— e -G14 (0.079)
G16 (0.064)
—— 75-year 5L
50-year 5L

1] T T T T T T T 1

3 3.5 4 4.5 5 3.5 6 6.5 7
pH of water
Figure 59, Estimated service life of corrugated steel pipe of varying gauges (G values) in flow at abrasion level
1, assuming an average soil pH value of 7.6. Numerals in parentheses are pipe wall thicknesses in inches (1 in
=254 mm}.

9.1.1 Sites withpH < 7.0

Data used: Field inspections performed for this study augmented with data from Hurd
[1985] and some additional parameters from Meacham, Hurd, and Shisler [1982]

Maodel 1: Using ODOT Rating system, R*=0.648
Sed
CODOT = 10.689Log(pH,,) — 0.0264ge — 0.3894brasion — 4.445 ('l —E) + 4.169

Maodel 2: Using ORITE Rating system, R?=0.643
Sed
CORITE = 11.605Log(pH,,) — 0.027 Age — 0.391A4brasion — 4.839 (-1 - H) +3.685

Maodel 3: Using Hurd Rating system, R*=0.602
CHurd = —151.934Log(pH,) + 0.319Age + 5.0834Abrasion + 72.199 (1 -
+ 49.559

Sed)

Rise



DURABILITY SPREADSHEET

County
Station

Knox

Route

4

14.36

99995

Shape

Circular

Example -Conduit Type: Type A Culvert; Conduit Shape: Circular; Hydraulic Requirements: 66 inch smooth or corrugated; Stream Information
| e0 |

16+00 Station 16+00 Span x Rise 66
Constants and Calculated Values )
pH,, Abrasion Level pHs Sediment/Rise End of Service Life GA Service Life Required
7.8 2.0 7.6 0 4 75

Material

707.01, 707.02, or

707.01 or 707.02 or 707.03

Metallic coated (galvanized)
with Concrete Field Paving

707.01 or 707.02 Metallic

coated (Aluminized)

FEF07.01 or 707.02 Metallic
coated [aluminized) with
Concrete Field Paving

F4¥707.04 Polymeric Coated

with Concrete Field Paving

707.05 or 707.07
(707.01 or 707.02

galvanized) 1/2
Bituminous coated
with Bituminous paved
invert

FEFJ07.05 or 707.07
(707.01 or 707.02
aluminized) 1/2
Bituminous coated with
Bituminous paved invert

*##707.11 Polymer
Precoated spiral rib

steel

Metal Options: 66" Type A Conduit, 707.02 (0.109) with CFP, 707.02 (0.064) aluminized, 707.04 (0.064)




DURABILITY SPREADSHEET

Concrete Conduit Durability Results

Material *¥706.01 Non-reinforced **706.02 Reinforced
Concrete Circular Pipe Coated 706.08 Clay Drain Tile

Plastic Conduit Durability Results

707.34 Polyethylene Plastic 707.42 Polyvinyl Chloride 707.43 Polyvinyl 707.46 Polyvinyl 707.65 Polypropylene

Pipe Based on Outside EUASS W!d '::E“E il Corrugated Smooth Interior Chloride Profile Wall AL W! ;ﬂﬁclﬂnmle Chloride Drain Waste Zi'xgam . !PirM Diamet Wall corrugated Double Wall
Diameter (OD) = Pipe Pipe = and Vent Pipe = FeE =r Pipe

Constants
Protective Coating Constants-Initial Service Life (years)
Concrete Invert Paving= 20
Aluminized= 35 Plastic Options: 66" Type A Conduit, 707.35, 707.75, 55938
Aluminized Spiral Rib= 35
Polymeric= 50
Bituminous coated w/ bitum. paved invert= 10
Bituminous lined = 25
Galvanized= 0
Concrete Options: 66" Type A Conduit, 706.02




FUTURE OF SERVICE LIFE ESTIMATION

o Goal for the future is to develop degradation models in order to
estimate remaining service life

o “Evaluation of Degradation of Concrete Box Culverts and 3-Sided Culverts”
completed 2021 for bridge sized culverts 10’ and greater in Ohio

o Continued Collection of Inspection Data
o Enough current data for conduits 48” and greater?

o More frequent inspection cycle
o Currently evaluating

o 50 years from now?



FUTURE OF SERVICE LIFE ESTIMATIO

Division of Engineering Research on Call Agreement
34652

Task 2 — Evaluation of Degradation of Concrete Box
Culverts and 3-Sided Culverts

Abmad Albssan, Kevin White, Jerry Didaggio,

for the Chio Department of Transportation
Cffice of Statewide Planning and Resaarch

and the
United Ststes Depardmeant of Transportation
Federal Highway Administration

Movernber 2021

Final Report

Cument, Conddion Btate

Crurent. Concitiom State

Figure 8. Transition probability mamices of (3} the Standard Model and () the Modified Modal
with rnore possible transitions for Type 2 culwverts.

o

w

# Average Cubvert Ring

=—Mlarkon hodel Expeciod Value

Condition Rating

& Avarage Cibvart Rining

=—farkon Wlodel Expectied Value

Condition Rating

w

o 0 40 &0
Age [Years]

(&) Type 2: CIP Box

w

# Average Cubvert Ring

=—Nlarke Model Expecied Value

Condition Rating

o Aversge Calven Resing

Condition Rating

—Muarkor Maodel Expecned Value

o m 40 &0
Age [Years]

{c} Type &: Precast Box

w

1] ria) 40 &0
Age [vears)

{d) Tvpe 9: Precast 3-Sided

Figure 9. Scarter plots of average culvert rating versus tirme with the expected value courve
estimated using the Standard Markovian maodel for 2ll cubvert types.

Condition Rating
o™ -l

& Average Culvert Riang

=Muko Model Expected Value

W

40 &0
Age [Vears)

Figure 10. Scatter plot of average culvert rating versus time with the expected value carve of the
Standard harkovian mode] revaluatad uzing dats for azas less than 34 vears for Type & culvars.



QUESTIONS

z

Kyle Brandon, P.E.

Assistant Administrator - Roadway and Bridge Hydraulics
ODOT Office of Hydraulic Engineering

1980 W. Broad St., Mail Stop 5220, Columbus, Ohio 43223
Kyle.brandon@dot.ohio.gov

(614) 466-5199
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Upcoming events for you

May 3
TRB Webinar: Deploying Al
Applications for Asset Management
May 17
TRB Webinar: Risk-targeted Ground
Motions for Bridge Design
July 8-11
TRB's National Conference on
Transportation Asset Management
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Subscribe to TRB Weekly

If your agency, university, or
organization perform transportation
research, you and your colleagues need
the TRB Weekly newsletterin your
inboxes!

TRB Weekly

Each Tuesday, we announce the latest:

RFPs

TRB's many industry-focused webinars
and events

3-5 new TRB reports each week

Top research across the industry ' o
Spread the word and subscribe!

https://www.trb.org/Publications/
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Discover new
TRB Webinars weekly
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And follow #TRBwebinar on social media
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