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Preventive Maintenance
Activity Recommended 

Frequency
Flushing Annually
Crack Sealing (Crack Chase or Flood Seal) Every 3-5 years
Deck Sealing (Silane or Penetrating Sealer) Every 5-10 years
Poured Joint Sealing Every 5-8 years
Cleaning and Lubricating Bearings Every 4 years
Rail Sealing Every 5-7 years
Maintenance Painting Every 5 years
Gland Repair and Replacement As Needed
Joint Repair and Re-establishment As Needed



Research Objective

Demonstrate the 
economic benefit of 
maintenance

Identify high value 
maintenance activities

Update practice guidance 
and performance 
measures

Use results to focus 
limited resources
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Component

Since 
1970s

116 NBI items
•Deck, superstructure 

and substructure 
general condition 
ratings (GCR)

9-0 scale

SNBI, 2022

Element

Late 1990s, 
BMS

1997, AASHTO 
CoRe 

Elements

AASHTO, 
2011, 2013

Context

Rating Description
9 EXCELLENT CONDITION

8 VERY GOOD CONDITION

7 GOOD CONDITION 

6 SATISFACTORY CONDITION

5 FAIR CONDITION

4 POOR CONDITION

3 SERIOUS CONDITION

2 CRITICAL CONDITION

1 "IMMINENT" FAILURE CONDITION

0 FAILED CONDITION

Bridge Condition Data in the US



Context

• Bektas, B. (2022), Bridge Element Data 
Collection and Use

• Less than half of the state DOTs have 
established project decision rules, decision 
trees or performance measures based on 
bridge element data. 

• One fourth of the state DOTs have element 
cost and deterioration models that they are 
confident in.

• Reported confidence in decision-making 
based on component data or models is 
relatively higher, compared to decision-
making based on element data or models. 

https://nap.nationalacademies.org/catalog/26724/bridge-element-data-collection-and-use
https://nap.nationalacademies.org/catalog/26724/bridge-element-data-collection-and-use


Problem
For owners, confidence in models is essential for 
sustained and successful BMS implementation and 
data-driven decision making.

Limited research quantifying the benefits of bridge 
maintenance through historic bridge condition and 
life cycle cost.

Imminent research need to quantify the impact of 
bridge maintenance and preservation based on 
data.



Problem

LimitationsDefining the impact 
for decision making

Bridge maintenance and 
preservation activities are 
widely accepted to slow 

bridge deterioration rates and 
extend service life.

Impact of Maintenance 
and Preservation

Expert Elicitation A starting point

Quantification / 
Modeling of 

Preservation Impact

Based on data 
addressing variability of 
structures, environment 

and history 



Approach

Impact

Decision 
Trees

Condition 
History

Bridge 
Characteristics

Environment

Bridge 
Maintenance 

Data

Work History



Data
Maintenance 

Activity 
Records

Several MnDOT and 
county resources 

Hennepin 
County

Sealing and flushing data 
(NOT in SIMS)

94 distinct bridges

St. Louis 
County*

Collected data by internal 
spreadsheets past four 

years.
We do not have the data

Steele 
County*

2015-2021 maintenance 
expenditures

Not identified by bridge

MnDOT

District 8

1838 records match SIMS

+3851 records, bridge- 
and element-level

SIMS

~12.5k distinct bridge 
and date records

bridge- and element-
level records

SIMS + SWIFT 
BCR

~71k distinct bridge and 
date records
bridge-level

element~ by source 
codes

• Majority of the maintenance records cover 
2011-2023 period.

• TPF-5(432): Bridge Element Deterioration for 
Midwest States
• DOTs pool resources and historic bridge 

data 
• Participating states: ND, SD, MN, NE, KS, 

IA, WI, IL, MI, IN, OH, KY
• Develop reliable deterioration curves

• Markov transition times
• Custom MN models for this project 

• Now includes 2021-2023 data

Boadi, R., Thompson, P. D., Serigos, P., Bektas, B., & Xu, G. (2022). TPF-5(432): Bridge Element 
Deterioration for Midwest States, Final Report https://www.pooledfund.org/Details/Study/655

https://www.pooledfund.org/Details/Study/655


A select number of elements receive frequent 
maintenance treatments.
The maintenance records were examined to 
develop a list of potential models.



Models

Mining the data to identify the most frequent maintenance work items that could 
lead to statistically valid models.

Grouping the bridges, components and 
elements with respect to maintenance 
level.

Hierarchical & K-Means Clustering

Contrasting component and element 
deterioration models for different 
maintenance levels

Methodology used in TPF-5(432): Bridge 
Element Deterioration for Midwest States 
for Markovian deterioration models



Models
Work Description Potential Element Models Potential NBI GCR Models 
BRDG POURED/ RELIEF JOINT SEAL Poured Seal Joint 301, Approach Relief Joint 816
BRIDGE APPROACH PANEL Concrete Approach Slab 321*
BRIDGE BEARING ASSEMBLIES Elastomeric Bearing 310, Expansion Bearing 311* Superstructure?
BRIDGE CONC BARRIER/RAIL SEAL Concrete Bridge Railing 331*
BRIDGE CULVERT MAINTENANCE Concrete Culvert 241* Culvert
BRIDGE DECK Reinforced Concrete Deck 12 *, Wearing Surface 510 Deck
BRIDGE DECK CRACK SEALING Concrete Wearing Surface - Cracking and Sealing 810 & RC Deck 12, 510, 521 Deck
BRIDGE DECK SEALING FIXED Concrete Deck Cracking Element 810*, & RC Deck 12, 510 Deck
BRIDGE EXPANSION, RELIEF JNTS Strip Seal Joint 300*, Approach Relief Joint 816 Super/Sub? See comment.
BRIDGE FLUSHING One to two bridge flushing records. 762 structures that were not flushed. Decks? 

Joints? Bearings (under joints)?
Deck, Superstructure, 
Substructure 

BRIDGE PREP & PAINTING Steel Protective Coatings 515, steel elements (frequent super elements)? Superstructure
BRIDGE SLOPE PROTECTION Scour 885, Slopes & Slope Protection 892, Deck & Approach Drainage 894 Substructure
BRIDGE SUBSTRUCTURE** Most frequent substructure elements 

(Concrete Column 205, Reinforced Concrete Abutment 215)
Substructure

BRIDGE SUPERSTRUCTURE Most frequent superstructure elements 
(Prestressed Concrete Girder or Beam 109) 
Steel Girder

Superstructure

JOINT REESTABLISHMENT Strip Seal Expansion Joint 300, Poured Seal Joint 301*, Approach Relief Joint 816 
underlying super/sub? Deck?

PROTECTION STRAPS/CURB PLATES Plow Fingers 815, Strip Seal Expansion Joint 300
WATERWAY MAINTENANCE Deck & Approach Drainage 894 might fit better with element 899, 885, or 892. In a lot of 

cases, this is removing debris from the channel for flow or rip rap placement.
Channel



Deck Maintenance Clusters

• For clustering analysis, the number of maintenance 
activities by bridge, component, and element during the 
study period, were used as  variables.

• Hierarchical and K-means clustering were used together 
to identify maintenance levels.

• The objective is to create groups as different as possible 
in terms of the variables, frequency of select 
maintenance activities in this case.

• Too many clusters would preclude valid deterioration 
models.

Cluster Count Flushing Crack Seal Deck Seal Deck Mnt
Minimal Maintenance 1 10,379 0.03 0.02 0.00 0.00
Moderate Maintenance 2 2,184 6.13 1.37 0.47 0.41
Focused Deck Maintenance 3 288 5.85 2.08 0.38 4.14
Flush&Seal (High Mnt) 4 216 9.24 4.01 3.26 0.25



Deck Deterioration by Cluster

TTime Deck GCR

Cluster 9 8 7 6 5 TTime 9-5

Minimal Maintenance 1 2.4 4.6 6.8 6.6 9.4 29.8

Moderate Maintenance 2 1.1 2.9 11.8 16.4 14.7 46.9

Focused Deck Maintenance 3 1.2 2.5 8.3 18.7 21.6 52.3

Flush&Seal (High Mnt) 4 2.0 5.0 12.1 14.8 28.3 62.1

• Except GCR (General Condition Rating) 9&8, clusters with higher levels of maintenance consistently 
have higher transition times (time spent in each GCR), indicating service life extension.

• Increased maintenance typically correlated to higher transition times.



Deck Deterioration by Cluster and Construction Era

• Increased transition time by maintenance, especially for GCRs 7-5.

TTime

Era 9 8 7 6 5 TTime 9-5

Minimal Maintenance 1 2.0 3.4 4.2 5.4 8.8 23.7

Moderate Maintenance 2 0.8 2.4 5.8 8.4 11.0 28.3

Focused Deck Maintenance 3 1.2 3.0 5.4 11.1 56.0 76.7

Flush&Seal (High Mnt) 4 4.0 11.1 10.5 19.1 44.7

Minimal Maintenance 1 2.3 4.2 7.3 8.1 11.3 33.2

Moderate Maintenance 2 0.9 3.1 9.2 19.6 17.9 50.7

Focused Deck Maintenance 3 1.7 2.3 7.7 22.2 21.1 54.9

Flush&Seal (High Mnt) 4 1.6 4.8 9.1 13.4 35.6 64.6

Minimal Maintenance 1 2.4 6.7 20.1 29.2

Moderate Maintenance 2 1.2 2.8 30.5 34.4

Focused Deck Maintenance 3 0.9 3.1 14.2 18.3

Flush&Seal (High Mnt) 4 2.0 5.3 27.1 34.5

Deck GCR

<1960

1960-84

1985+ TTime 9-7



Deck Deterioration by Cluster and Traffic Level

• Red transition times for Flush & Seal cluster could not be computed due to limited number of inspection pairs.
The transition times for minimal maintenance were noted to compare TTime 9-5.

• Increased transition times are again observed for GCRs 7-5.

TTime

Row Labels 9 8 7 6 5 TTime 9-5

Minimal Maintenance 1 2.7 4.9 6.1 6.4 9.2 29.3

Moderate Maintenance 2 1.3 4.0 8.3 11.7 12.0 37.2

Focused Deck Maintenance 3 1.4 3.0 6.5 26.7 17.2 54.8

Flush&Seal (High Mnt) 4 1.9 7.3 9.7 27.2 9.2 55.3

Minimal Maintenance 1 1.6 4.3 8.7 7.2 10.5 32.3

Moderate Maintenance 2 1.2 3.1 12.2 17.4 15.8 49.7

Focused Deck Maintenance 3 1.1 3.0 8.1 14.8 35.4 62.3

Flush&Seal (High Mnt) 4 2.1 4.6 13.1 12.4 25.4 57.6

Minimal Maintenance 1 1.4 2.1 9.7 7.6 9.1 29.9

Moderate Maintenance 2 1.0 2.0 12.6 17.3 14.9 47.8

Focused Deck Maintenance 3 1.3 1.9 8.6 22.2 13.5 47.5

Flush&Seal (High Mnt) 4 1.4 4.1 6.9 27.4 9.1 48.9

Deck GCR

00-01k

01-10k

10k+



Preliminary Findings

Deck component models 
indicate increased service 

lives with maintenance 
activity. 

While there are some 
exceptions for higher 

GCRs (9&8), transition 
times for GCRs 7-5 are 

consistently higher.



Future Tasks

Expansion of the 
data set to 
include 2022-2023 
maintenance 
data.
This was done for the 
deck models 
presented today.

GCR models

Superstructure and 
substructure models

Element models Life cycle cost 
analysis

Decision trees



Questions?
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