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1.  INTRODUCTION 

 

The goal of this research project is to assist Ohio Department of Transportation (ODOT) in decision 

making, fund allocation and maintenance and inspection scheduling by analyzing and modeling the 

historical inspection and inventory data available in ODOT’s Bridge Management System (BMS). [3] 

and [4] details on data preprocessing, data warehouse creation, Data Modeling and OPI forecasting 

using First Order Markov Chains and result interpretations for different OPI’s at the network level as 

well as for the subsets like districts and material types.  The different phases of this project are as given 

below.  

1.1 Phase I (September 2005 – June 2008) 

 Figure 1.10 gives a schematic representation of the different aspects of the project in Phase I. 

The input Dataset (Dataset I) for this phase consisted of 10 excel spreadsheets with 

inventory/inspection data covering years 1995 to 2004. This being the exploratory phase, feasibility of 

applying Markov models to BMS data was analyzed. Dataset I was preprocessed and data warehouse 

was constructed for further analyses. Markov models were developed and analysis and OPI forecasting 

was done in the year domain. Details of the Phase I of the project and Dataset I is given in [4]. 
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Figure 1.10: Phase I  

1.2 Phase II (June 2008 – May 2009) 

Figure 1.11 gives a schematic representation of the different aspects of the project in Phase II. The 

input Dataset for this phase (Dataset II) consisted of 24 excel spreadsheet with inventory/inspection 

data covering years 1985 to 2008.  One important addition during this phase of the project was the 

Age Reset Algorithm [3]. With the age reset algorithm, the domain for our analysis was shifted from 

year domain to a Bridge Age domain. Automation of Markov calculations were completed in this 

phase. Additional excel spreadsheet called Bridge Work type spreadsheet (extracted from Item 

#153[1] in ODOT BMS) was available during this phase. This spreadsheet contains information on 

maintenance activities like major reconstruction, deck floor replacement date, wearing surface date and 

paint date and was used in the Age Rest calculations. Details of this phase are available in [3]. 

 

Figure 1.11: Phase II 
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1.3 Phase III (May 2009 - Present) 

During a comparison of the datasets I and II several inconsistencies in the bridge inventory data like 

maintenance responsibility code, Longitudinal Member Type, Framing Type Code, Scour Critical 

Code, Railing Type, Wearing Surface Type [1] were discovered. The details and results of the 

comparison are given in [3].  Inconsistencies between the datasets affected the Markov Analysis and 

hence a new dataset (Dataset III) after resolving the inconsistencies was made available. Dataset III 

contained inventory/inspection data covering years 1985 to 2009. Figure 1.12 shows a schematic 

representation of this phase. The scope of this work lies on analyzing dataset III. All the Markov 

calculations and result interpretation done in Phases I and II were repeated in this phase. This phase 

focuses on ODOT Forecasting Spreadsheet, the details of which will be covered in Chapter 3.  

Another important change in Phase III with respect to Phase II was the domain in which the analysis 

and result representation was done. While analysis and result interpretation in Phase II was done in 

Bridge Age Domain, the analysis in Phase III was done in the bridge age domain and the results were 

interpreted in the year domain. This is primarily because, ODOT Forecasting spreadsheet was based 

on a year wise calculations. 

 

 

Figure 1.12: Phase III 
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1.4 Organization of the Report. 

  When Dataset III was made available, all the Markov calculations had to be redone for the newest 

dataset. Section 2 describes the results of applying Markov Modeling and result interpretation on 

Dataset III. Section 3 introduces the ODOT spreadsheet, establishes the definitions for various terms 

in the spreadsheet and the results of degradation modeling. 

 

2. RESULTS FOR DATASET III 

2.1   All State Owned And State Maintained Bridges. 

This section describes the results obtained for Markov Chain Modeling of all State Owned and 

Maintained Bridges (SOSM) with age reset and backstitching. All 4 OPI’s namely General Appraisal 

(GA), Deck Wearing Surface (WS), Deck Floor Condition (FC) and Protective coating surface are 

analyzed.  

 

2.1.1 General Appraisal 

Figure 2.1 shows a comparison of the total deck area distribution for different bridge ages and 

percentage of GA deficient area for different bridge ages for Dataset II and Dataset III without Age 

Reset. It can be observed that the total deck area and percentage deficient areas for Dataset II and 

Dataset III remain fairly close to each other. Dataset III shows more area between bridge age 33 to 54 

and between bridge age 3 and 9. This is primarily because Dataset III has an additional data for 

inspections in 2008 -2009 inspection years. It is also observed that the Percent GA Deficient Area is 
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very high after Age 75. This can be explained by two factors. Firstly the statistical population of 

bridges with a bridge Age 75 is relatively small as can be observed from Figure 2.1. Secondly the 

bridges with a bridge age greater than 75 are relatively very old bridges and hence their GA ratings are 

to the lower bounds.  

 

Figure 2.1: Total Deck Area and GA Percent Deficient Area. 

 

The Mean Age until Reset for General Appraisal is defined as the average number of years since the 
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until reset for GA as a probability distribution. The Mean age until rest for General Appraisal is 34.2 

years. This indicates that on an average a bridge gets Major Reconstruction 34 years after it has been 

built. 

GA Reset Age Distribution Dataset III 

 

Figure 2.2: Mean Age until Reset GA. 

 

The distribution of General Appraisal ratings at age 0, age 35 (the Mean Age until Reset) and Age 90 is 

compared in Figure 2.3. It can be observed that at Age0 GA rating is skewed to the GA=9 side and at 

Age 90 GA rating is skewed to GA=4 side. However at age=35 we find a reasonably uniform 

distribution of GA ratings. Figure 2.3 also indicates the Mean GA rating for each Bridge age as well as 

the standard deviation from the mean age for each bridge age. 
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Figure 2.3: Mean GA rating and Standard Deviation from Mean GA. 

Figure 2.3b 

Figure 2.3c



9 
 

 

[3] Describes the different Markov Models that are used for modeling BMS data, namely the Actual 

Model, Predicted Model, Predicted with Advance Model and also Auto-Regressive Models. Figure 2.4 

shows the OPI forecasting using Markov Models for General Appraisal. The comparison between 

Dataset II and III shows that the forecasted OPI remains similar although there is a difference in the 

GA OPI between GA Age 0 and GA Age 4.  It can be observed from Figure 2.4 that the GA OPI 

rating for Dataset III is lower than the GA OPI rating for Dataset II between GA Age 0 and GA Age 

4. 

 

Figure 2.4: General Appraisal OPI Forecasting. 
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2.1.2 Deck Floor Condition (FC) 

Deck Floor condition rating (FC) is an indicator of the condition of the major horizontal structural 

element that carries the riding surface [1]. Figure 2.5 shows the Total Deck Area distribution for 

bridge age and the FC Percent deficient area for the bridge Age without Age Reset and Backstitching.  

The Mean Age until reset for Deck Floor Conditioning is 28 years with a standard deviation of 17.7 

years. Figure 2.6 shows the Mean Age until reset calculations. This indicates that on an average it takes 

28 years for a deck replacement. Deck replacement is generally associated with Major reconstruction 

and hence the mean age until reset for Deck Floor Condition is close to mean age until reset for 

General Appraisal. 

 

Figure 2.5: Total Deck Area and FC Deficient Area (No Reset) 
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Figure 2.6: Mean Age until Reset FC. 

 

 

 

The FC OPI forecasting and trending using Markov Models are shown in Figure 2.7. The figure also 

compares the FC Forecasting for Dataset II and Dataset III. Dataset II and III vary in their FC ratings 

between FC Age 9 and FC Age 32. A snapshot of the TPM Area for Age 17 shows that Dataset III 

has more area in FC rating =1 when compared to Dataset II and hence a higher rating for FC at FC 

Age 17. 

 



12 
 

 

 ,, , 

Figure 2.7: Deck Floor Condition OPI Forecasting 

2.1.3 Deck Wearing Surface (WS). 

Deck Wearing Surface OPI is an indicator of the condition of the bridge’s pavement surface exposed 

to vehicular surface. Figure 2.8 shows the Total deck area distribution with bridge Age and WS 

percent deficient area without applying Age Reset. Total Deck Area is 1 million square feet after 

Bridge Age 80 which indicates that the statistical population of bridges after Age 80 is very small. 

Because of the small statistical population and ageing bridges, WS percentage deficient shoots up after 

Age 80.  Figure 2.9 shows the Mean Age until Reset for Deck Wearing Surface. Deck Wearing Surface 

is replaced more frequently as compare to Deck Floor; hence the Mean Age until reset is 18 years. 

This indicates than on an average the Deck Wearing Surface is replaced every 18 years. 
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Figure 2.8: Total Deck Area and WS Deficient Area (No Reset). 

Wearing Surface Age reset Distribution
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Deck Wearing Surface OPI trending and forecasting using Markov Models are shown in Figure 2.10. 

It can be observed that the OPI plots for Deck Wearing Surface for Dataset II and Dataset III is quite 

similar. 

 

Figure 2.10: Deck Wearing Surface OPI forecasting. 

 

2.1.4 Summary of Mean Age Until Reset Statistics. 

A summary of the Mean Age until Reset statistics for General Appraisal, Deck Floor and Deck 

Wearing Surface is shown in Figure 2.11 
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Figure 2.11: Summary of Reset Statistics. 

2.2 Subset Studies 

Subsets of the State Owned and State Maintained bridges were created on the basis of geographical 

location and material types. On the basis of geographical locations, bridges in Ohio belong to one of 

the twelve districts. On the basis of material types, bridges can be made of Reinforced Concrete, Pre-

stressed Concrete and Steel.  

2.2.1 Districts in Ohio 

Figure 2.12 shows the districts in Ohio and an area wise breakdown of the districts. The bigger 

districts in terms of area are District 4, District 6, District 8 and District 12.  

 

Dataset 2 Dataset 3 
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Figure 2.12: Percentage Area Breakdown of Districts in Ohio 

 

2.2.1.1 General Appraisal  

Figure 2.13 shows the General Appraisal OPI forecasting for districts in Ohio. The Markov model 

shown in the figure is Predicted with Advance Model. The Markov models shown in Fig 2.13 can be 

fitted with Auto Regressive (AR) models. Figure 2.14 shows the AR model fit for General Appraisal 

OPI. It can be observed that after age reset, District 2 has the lowest General Appraisal rating at Age 

0.  Bridges in District 12 has the lowest AR coefficient for initial Ages and hence they degrade faster 

compared to bridges in other district.  
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Figure 2.13: Predicted with Advance Model for Districts in Ohio 

Figure 2.14: Auto Regressive Fit for General Appraisal. 
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2.2.1.2 Deck Wearing Surface. 

Figure 2.15 shows the Auto Regressive Fit for Deck Wearing Surface OPI for districts in Ohio. It can 

be observed that District 6 has the lowest Deck Wearing Surface rating at Age 0 and District 7 has the 

highest degradation in the initial years. 

 

Figure 2.15: Auto Regressive Fit for Deck Wearing Surface OPI. 
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2.2.1.3 Deck Floor Condition 

Figure 2.16 shows the Auto Regressive curve fit for Deck Floor Condition OPI plots obtained from 

Markov calculations. It can be observed that District 12 has the lowest FC at Age 0 and District 7 

shows highest degradation in the initial Ages. 

 

Figure 2.16: Auto Regressive Fit for Deck Floor Condition OPI. 
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Maintained Bridges (77.5%) in Ohio have a material type of steel. Reinforced concrete bridges form 

the smallest subset in terms of area (7.6%).  

 

 

 

 

 

 

Figure 2.17: Area wise breakdown of bridges based on Material Type 

 

Figure 2.18, Figure 2.19 and Figure 2.20 shows the Total deck area and Percentage General Appraisal 

Deficient Area distribution for Steel Bridges, Reinforced Concrete bridges, Pre-stressed Concrete 

bridges. As described above, it can be observed from Figure 2.18 that the majority of the bridges are 

steel bridges.  From Figure 2.19 it can be observed that there are a considerable Reinforced Concrete 

bridges that are relatively new as well as between GA Ages 18 and GA Age 50. From figure 2.20 it can 

be observed that most of the Pre-stressed Concrete bridges are relatively new. 

 

 

 

77.5

14.5

7.6

Steel

Reinforce Concrete

Prestressed Concrete



21 
 

 

2.2.2.1 General Appraisal  

 

Figure 2.18: Total Deck Area and GA Percent Deficient Steel Bridges. 

 

Figure 2.19: Total Deck Area and GA Percent Deficient Reinforced Concrete Bridges. 
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Figure 2.20: Total Deck Area and GA Percent Deficient Area Pre-stressed Concrete Bridges. 

Figure 2.21 shows the General Appraisal OPI forecasting for Steel bridges, Reinforced Concrete 

bridges and Pre-stressed Concrete Bridges after Age Reset and Backstitching. It can be observed that 

Steel Bridges have relatively lower GA values in the initial ages followed by Reinforced Concrete 

bridges. Figure 2.22 shows the AR curve fit for the GA OPI for the material types. It can be observed 

that the degradation of Concrete bridges are relatively fasted compared to Steel bridges with 

Reinforced Concrete Bridges having the highest degradation rate. 
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Figure 2.21: General Appraisal Plot for Steel Reinforced Concrete and Pre-stressed Bridges. 

 

Figure 2.22: AR curve Fit for General Appraisal OPI 
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Summary of the Mean Age until Reset statistics is given in Figure 2.23. It can be seen that both Steel 

as well as Reinforced Concrete bridges have a similar Mean Age until Reset statistics. Pre-stressed 

Concrete bridges are relatively new bridges and hence Mean Age until Reset was not calculated. 

 

 

Figure 2.23 Mean Age until Reset Statistics for Material Types. 

 

2.2.2.2 Deck Wearing Surface 

Figure 2.24 shows the Deck Wearing Surface OPI forecasting after Age Reset and Backstitching using 

the Predicted with Advance model. It can be observed that Steel bridges start with the lowest Deck 

Wearing Surface rating at Age 0. Figure 2.25 shows the AR curve fit and Figure 2.26 shows the AR 

coefficient for the material types. It can be see that between Age 0 and Age 12 both the concrete 

Dataset 3 
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bridges degrade faster than Steel bridges. Between Age 12 and Age 42 Pre-stressed concrete bridges 

have the highest degradation rate.

 

Figure 2.24 Deck Wearing Surface OPI Plots for Material Types. 

 

Figure 2.25: AR Curve Fit for Deck Wearing Surface OPI. 
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Figure 2.26: AR Coefficients Deck Wearing Surface OPI for Material Types. 

 

2.2.2.3 Deck Floor Condition. 

Figure 2.27 shows the Deck Floor Condition OPI forecasting using Markov Models. It can been seen 

that the Steel bridges have the lowest Deck Floor Condition rating after Age Reset and Backstitching 

at Age0 as compared to General Appraisal and Deck Wearing Surface OPI. 

 Figure 2.28 shows the AR curve fits for the plots in Figure 2.27 and the corresponding AR 

coefficients can be seen in Figure 2.29.  
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Figure 2.27: Deck Floor Condition OPI Plot for Material Types. 

 

Figure 2.28: AR Curve fit for Deck Floor Condition OPI for Material Types. 
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Figure 2.29: Coefficients Deck Floor Condition OPI for Material Types. 
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3. ODOT Forecasting Spreadsheet. 

3.1 Introduction. 

ODOT records its projected maintenance and degradations using an Excel Spread Sheet which we call 

the ODOT Forecasting Spreadsheet. This Spread Sheet assists ODOT in their planning, decision 

making and maintenance requests.  ODOT Forecasting Spreadsheet contains the following data for all 

four OPI’s namely General Appraisal, Deck Floor Condition, Deck Wearing Surface and Protective 

Coating Surface 

1) Cumulative Maintenance in square foot on bridges at district level and state level for a period 

from 2/05/2008 to 6/18/2012. 

2) Cumulative Degradation in square foot on bridges at district level and state level for a period 

from 2/05/2008 to 6/18/2012. 

3) OPI goal, which is the acceptable percentage of deficient bridges at each year with respect to a 

particular OPI. 

4) Predicted OPI goal which is the projected percentage of deficient bridges at each year with 

respect to a particular OPI. 

Details of all the terms in the Spreadsheet and their definition will be given in the coming sections. 

The projected Maintenance and Degradations are calculated by using a constant Degradation rate for 

each OPI. A general definition for degradation rate is the percentage of bridges that goes unhealthy 

with respect to particular OPI at each year.  Figure 3.2 shows the Degradation rate for each OPI as 

per the ODOT Forecasting Spreadsheet. Specific definitions for Degradation rates with respect to the 

different OPI’s and ODOT Spreadsheet will be detailed in Sections 3.3 to Section 3.6. 
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Figure 3.1: Snapshot of ODOT Forecasting Spreadsheet. 
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OPI  Degradation Rate 

General Appraisal 4.0 % 

Deck Floor Condition 1.5 % 

Deck Wearing Surface 2.0 % 

Protective Coating Surface 5.0 % 

 

Figure 3.2: Degradation Rate for each OPI. 

3.2 Goal of ODOT Forecasting Spreadsheet Modeling. 

Figure 3.3 shows the Deficient Area in square foot and Maintenance and Policy change trends from 

2001 to 2008 for GA OPI. A bridge is considered deficient with respect to General Appraisal if it has 

a GA <5. Maintenance on the GA deficient bridge is the square foot of area making a GA transition 

GA<5 to GA >=5. From the figure it can be observed that the Total GA deficient area and 

Maintenance on GA deficient area keeps varying across years. Also there have been two major policy 

changes in 2002 and 2006 respectively resulting in some uncertainty in the estimation of total deficient 

area. In 2002 approximately 0.27 Million square foot of area was removed from further inspection and 

in 2006 approximately 0.56 Million square foot of area which was not earlier maintained and owned by 

the state were changed to State Owned and Maintained bridge area. Having a constant degradation 

rate across all years will not be able to capture the changes in maintenance and policy changes as 

shown in Figure 3.3.  

From a broader perspective the goal of this project is to assist ODOT in decision making by analyzing 

data collected in BMS and arriving at conclusions on the degradation rates of bridges. As the 

percentage area that goes deficient keeps varying as per the changes in maintenance and policies, the 
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more specific goal of this project is to find a Degradation rate that which gives the most accurate 

predictions. The Degradation rate thus obtained can be plugged in to the ODOT spreadsheet for 

better projection of maintenance needs and fund allocations. This research work is thus an attempt to 

model the ODOT spreadsheet and a Forecasting mechanism with more accuracy. In this attempt we 

have also tried to develop maintenance models for each district and at the state level for all four OPI’s. 

A good knowledge of the degradation rate and the maintenance rate for bridges will certainly enable 

better forecasting and hence optimized usage of the funds available for ODOT. 

 

Figure 3.3: GA Maintenance and Policy Changes. 
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3.3 GA Degradation Rate 

 

Figure 3.4 shows the General Appraisal Degradation calculations from ODOT spreadsheet. General 

Appraisal Degradation rate calculations depends on  

1) General Appraisal OPI rating for bridges 

2) Percentage Legal Load rating for the bridge. 

 

Figure 3.4: General Appraisal Degradation Calculation from Spreadsheet. 

 

Figure 3.5 details a comparison of bridges which are deficient as per GA rating (GA rating <5) and 

deficient as per Percent Legal Load rating (GA >=5 and %LL>0 and <100). It can be observed that 

bridges deficient as per the Percent Legal Load rating is very small compared to bridges deficient as 

per GA rating and hence we ignore the Percent Legal Load Factor from GA Degradation rate 

calculation.   
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The definitions for different terms (after ignoring Percent Legal Load) and the abbreviations we are 

following are tabulated in Figure 3.6.  

 

Figure 3.5: Ohio Legal Load and GA Deficient Bridges. 
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Term In Spreadsheet UCII Abbreviation Definition 

Total Sq Ft of Deck AT Net Deck Area Of Bridges at any year.

Sq Ft Current Deficiencies ACD Sq Ft of Area with GA <5 

Sq Ft Programmed through 

on(ACD) 

MCD Maintenance on ACD: Sq Ft of Area making 

transition (GA<5) to (GA >=5) between two 

consecutive years. 

Current Sq Ft Deficient without 

project 

ACNM ACD - MCD 

Sq Ft Almost Deficiencies AND Sq Ft of Area with GA =5 

Sq Ft Programmed through 

on(AND) 

MND Maintenance on ACD: Sq Ft of Area making 

transition (GA=5) to (GA >5) between two 

consecutive years. 

Current Sq Ft Deficient without 

project 

ANNM AND – MND 

Almost Def to go Deficient Adeg Sq Ft of Area making a transition GA=5 to 

GA<5 between two consecutive years. 

Predicted GA (ACNM + Adeg) *100/ AT 

Figure 3.6: Definitions For GA Calculations. 

3.3.1 SQL Queries for GA Calculation in Spreadsheet. 

The following SQL queries were used to fetch data from UCII database. Calculations shown below 

uses year 2001 as an example. 

1) AT   : 
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2) ACD 

 

3) MCD 

 

4) AND 

 

5) MND 

 

3.3.2 General Appraisal Degradation Rate(GA Drate) and Deficient Area. 

General Appraisal Degradation rate is defined by the equation below. 

GA Drate = (Adeg )*100/ (AND – MND) 

Adeg  denotes a subset of bridges which were almost deficient without maintenance (ANNM) at one year 

and becomes deficient in the next year. Hence Adeg  is defined as a factor of ANNM. As shown in Figure 
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3.2 ODOT uses a constant 4% degradation rate for General Appraisal and as per the ODOT 

spreadsheet  Adeg  is calculated as follows. 

Adeg  = 4% of ANNM 

UCII uses Markov Models and STM calculations to find Adeg which is more dynamic and keeps 

changing every year depending on the maintenance and policy change trends. AND  and MND are 

obtained from UCII database using the SQL queries in Section 3.3.1.   

GA Deficient Areas or each inspection year is predicted using the equation below. 

GA Deficient Area (year k) = (ACNM + Adeg  ) , where Adeg is GA Drate*(AND – MND) 

ODOT uses a constant GA Drate of 4%  and UCII predicts GA Drate from Markov Calculations. 

Figure 3.7 summarizes the GA Drate and GA deficient Area calculations using ODOT spreadsheet 

calculation, Markov Models and Actual Data from Database. 

 ACNM Adeg Drate Deficient Area 

ODOT Spreadsheet 

calculations 

Obtained using 

SQL 

queries(section 

3.3.1) 

4 % of (AND –

MND) 

Constant 4% (ACNM + Adeg  ) 

UCII Calculations Obtained using 

SQL 

queries(section 

3.3.1) 

Obtained by 

Markov 

calculations 

Obtained by 

Markov 

calculations 

(ACNM + Adeg  ) 

Actual Data From 

Database 

 ACD  :  Obtained using SQL 

queries (Section 3.3.1) 

Figure 3.7 
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3.3.3 Multi-Year Degradation Rate Calculation using Markov Models. 

Markov Chain is a random process which follows the Markov Property: The future state depends 

solely on the current state and not on past states. [3] and [4] has described Markov Calculations in 

detail for BMS data. This work builds on the Markov Models developed in [3] and [4] to make multi-

year forecasting. In order to predict the future area distribution, Markov Calculations use the current 

area distribution and the state transition matrix [3]. A set of years have to be chosen for building the 

State Transition Matrix as well as for validating the results for prediction.  

Training Years:  Training years refers to a set of inspection years; the area distribution of which were 

used to develop State Transition Matrix.  

Validation Years:  Validation years refer to a set of inspection years used to validate the predicted 

degradation rates. 

The rationales behind the choice of training and validation years are as follows 

1) [3] and [4] describes major change in maintenance policy after 1994. Considering years before 

1994 would not have yielded State Transition Probabilities which are consistent with ODOT’s 

current decision making trends. 

2) Since the goal of the project was to develop long term prediction, we chose inspection years 

2003 – 2008 as validation years which would help us validate 6 years of prediction. 

3) The training years were chosen to be close to 2002 so that the predicted degradation rates 

compares well with the actual degradation rate. 

4) In order to have a good statistical population without compromising accuracy we observed 

that 5 to 6 years of inspection years need to be used for developing State Transition Matrix. 
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3.3.3.1 Fixed STM Approach 

The first approach to model degradation rate is termed Fixed STM Approach. As the name suggests, 

this method locks the STMs for multi-year predictions. The training years used for this approach was 

inspection years 1997 – 2002 and the validation years used were years 2003 -2008. The following steps 

described how Degradation Rates were predicted in this approach. 

Step 1:  In this step Area distributions of inspection year 1997 -2002 were converted to Bridge Age 

Areas and age reset was applied to them. After Applying age reset State Transition Matrix was 

calculated.  

Step 2: In this step Area Distribution of Year 2002 was converted to Bridge Age Area and age reset 

applied. 

Step 3: In this step Product of Area Distribution in step 2 and State Transition Matrix of step 1 gives 

predicted Area Distribution of Year 2003. Bridge Area making a GA=5 to GA<5 between 2002 and 

2003 is recorded and stored. 

Step 4: Product of Predicted Area 2003 and State Transition Matrix of step 1 gives Predicted Area 

2004. Bridge Area making transition GA=5 to GA<5 between 2003 and 2004 were recorded and 

stored. 

Total Area Making Transition from GA=5 to GA<5 is sum of transition GA=5 to GA <5 in years 

2002 – 2003 and 2003 -2004 and is denoted by Adeg(2002). Figure 3.8 gives a schematic description of the 

same. 
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Calculations For Multi‐Year 
Predictions.

Example: Predicting 2004 using area distribution year 2002

Area 
Distribution 
1997‐2002

STM (1997‐
2002)

Step 1:

Area 
Distribution 

2002(Age Reset)
* STM (1997‐

2002) 

Predicted Area 
Distribution 

2003 

Almost Def 
going Deficient 
(2002‐2003)

1

Step 2:

Predicted Area 
Distribution 

2003

*
Predicted Area 
Distribution 

2004

Almost Def 
going Deficient 
(2003‐2004)

2
Almost Deficient Going Deficient 

2004= 1 + 2

Step 3:
STM (1997‐

2002) 

Age 
Reset

 

Figure 3.8: Multi-year Prediction using Fixed STM’s 

For example, consider the calculation of GA Deficient Area (year 2003) using STM (1997 – 2002) and 

area distribution of year 2002. 

ACNM  = 708,313 Sq Ft of Area. AND (year 2002) = 5,674,429 Sq Ft of Area. 

MND(year 2002 to year 2003) = 708,781 Sq Ft of Area. 

1) GA Deficient Area 2003 as per ODOT calculations: 

                Deficient Area (2003) = 708,313 + 4% of (5,674,429 - 708,781) = 906,939 Sq Ft of Area. 

2) GA Deficient Area 2003 using Fixed STM approach:  

Deficient Area (2003) = 708,313 + Adeg from Markov Calculations = 867,353 Sq Ft of Area. 

3) Actual GA Deficient Area 2003 from UCII Database: 

Obtained from SQL queries in section 3.3.1 = 909,755 Sq Ft of Area. 
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Figure 3.9 shows the GA Deficient Area calculations using ODOT’s constant 4% Drate, UCII 

Markov Calculations and Actual GA Deficient Areas in the UCII database obtained by SQL queries .It 

can be observed that both Fixed STM approach as well as ODOT constant 4% Drate fails to capture 

the policy changes in year 2007 and hence the predictions do not give accurate results. A more 

sophisticated approach called the Moving STM Window approach is detailed in the next section. 

 

   

Figure 3.9: GA Deficient Area with Fixed STM Approach. 

 

3.3.3.2 Moving Window of STM’s 

Maintenance activities on the bridge and ODOT’s planning and decision making policies changes 

every year. Using a fixed set of inspection years to develop State Transition Matrix (STM’s) will lock 
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area distribution and excluding the oldest available area distribution from STM calculations. Thus the 

area distribution used for STM calculations can be considered as a window which keeps advancing 

with time. By including the latest available area distribution an attempt is made to make predictions 

more consistent and dynamic with the current available maintenance and policy trends. In this work 

we use two type of Moving Window of STM approach namely a 5 year Moving Window of STM and 

a 2 year Moving Window of STM. 

1) 5 year Moving Window of STM 

a. 5 consecutive inspection years are used to calculate the STM. 

b. Changes in maintenance and policies are reflected gradually as 5 years of area 

distribution is used at a time to calculate STM. 

c. Window advances by including the latest available area distribution and excluding the 

oldest available area distribution. 

2) 2 year Moving Window of STM 

a. 2 consecutive inspection years are used to calculate the STM. 

b. Changes in maintenance and policies are reflected immediately although delayed by a 

year as the two latest available years are used for STM calculations. 

c. Window advances by including the latest available area distribution and excluding the 

oldest available area distribution. 

Figure 3.10 gives a schematic description of the 5 year Moving Window of STM calculations and 

Figure 3.11 gives a schematic description of the 2 year Moving Window of STM calculations. The 

validation years used for both the models are years 2001 -2008 and the training years used for 5 year 

Moving window starts with year 1996 -2000 and for 2 year Moving window starts with year 1999 -
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2000. It can be observed that the STM’s gets updated every year by including the latest available area 

distribution and excluding the oldest available area distribution. 

 

Figure 3.10: 5 Year Moving Window 

Calculations

 

STM (1999‐2000) * 
Area(2000) 

Area(2001) 

STM (2000‐2001) * 
Area(2001) 

STM(2001‐2002) * 
Area(2002) 

Area(2002) 

Area(2003) 

TPM Updated to include year 2001

TPM Updated to include year 2002

STM (1996‐2000) * 
Area(2000) 

Area(2001) 

STM (1997‐2001) * 
Area(2001) 

STM(1998‐2002) * 
Area(2002) 

Area(2002) 

Area(2003) 

TPM Updated to include year 2001 

TPM Updated to include year 2002 
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Figure 3.11: 2 Year Moving Window Calculations. 

Figure 3.12 shows the degradation rates calculated using the 5 year Moving Window, 2 year Moving 

Window, and 4% constant degradation rate as per the spreadsheet and the actual degradation rate 

from the database. The equations for calculating the degradation rates are detailed in section 3.3.2. It 

can be observed that the actual degradation rate is not constant and keeps varying across years. The 2 

year Moving window follows the actual degradation rate delayed by a year whereas the 5 year Moving 

windows follows the actual degradation rate gradually. Between year 2001 and 2004, degradation rates 

calculated by 5 year moving Window, 2 Year Moving window and actual degradation rate from 

database is lower than the constant 4% degradation rate of ODOT spreadsheet. Between 2005 and 

2008 we find an increase in degradation rate calculated by 5 year Moving window, 2 year Moving 

Window and the actual degradation rate. At 2008 the actual degradation rate from database shows a 

degradation rate close to ODOT’s constant degradation rate of 4%. 

 

Figure 3.12: Degradation Rates for Moving Window of STM approach. 
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Figure 3.13 shows the GA deficient area calculated using equations in Section 3.3.2 for 5 year Moving 

Window, 2 year Moving Window, ODOT’s constant 4% degradation rate, degradation rate from 

database and Actual Deficient Area at each year. It can be observed that although delayed, both the 

Moving Window of STM’s capture the change in policy trends at year 2006. Deficient area obtained by 

using Drate from database is different from deficient area from database. This is because of the 

following reasons. 

1) Deficient Area from database(ACD) is calculated using SQL queries as described in Section 

3.3.1 whereas Deficient area using Drate from database utilizes the Drate obtained from 

database (Figure 3.11) to calculate Deficient Area equation in 3.3.2 

2) Deficient area using Drate from database only considers bridges common between two 

consecutive years whereas Deficient Area from database is the actual deficient area in database 

at any given inspection year. 

 

Figure 3.13: GA Deficient Area using Moving Window Approach. 
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Figure 3.14 compares the Sq Ft of area of Almost deficient bridges which are maintained (MND) to the 

Area of Degradation(Adeg) obtained from 5 year Moving Window of STM, 2 year Moving Window of 

STM and 4% constant Degradation of ODOT Spreadsheet. It can be observed that the Sq Ft of area 

maintained is comparatively closer to Sq Ft of Degradation Area and hence the system is at steady 

state.  

 

 

Figure 3.14: Comparison of Maintenance and Degradation. 

 

3.3.4 GA Degradation Rate for Districts. 
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GA Drate = (Adeg )*100/ (AND – MND) 

Where Adeg, AND,MND are all obtained from UCII database using SQL queries described in Section 

3.3.1. It can be observed that the degradation rates from districts vary with each inspection year. Every 

District except District 3, District 5, District 9, District 10 and District 11 has at least one year 

between 2001 and 2008 where the degradation rate is 0. District 1 has 5 years between 2001 and 2008 

where the degradation rate is 0. The highest degradation rate is shown by District 4 in year 2004. From 

the average Drate’s, it can be observed that District 3, District 4, District 5 and District 6 have higher 

degradation rate as compared to other districts. 

        

Figure 3.15: GA Degradation Rate For Districts. 

Year Dist 1 Dist 2 Dist 3 Dist 4 Dist 5 Dist 6 Dist 7 Dist 8 Dist 9 Dist 10 Dist 11 Dist 12

2001 0.00 0.92 0.48 0.11 2.45 0.91 0.00 2.08 2.87 5.92 0.48 1.15

2002 3.48 1.73 0.31 0.00 9.48 0.00 0.16 1.19 3.75 5.01 4.05 7.86

2003 7.64 2.49 7.90 0.00 4.40 0.22 2.27 5.88 2.58 2.24 5.42 0.00

2004 0.00 0.00 5.64 25.94 1.58 2.08 1.38 0.00 0.42 7.26 6.81 0.25

2005 9.79 1.68 7.85 2.85 4.00 0.00 4.76 0.39 0.56 11.94 4.38 2.15

2006 0.00 0.00 6.95 13.31 9.04 17.01 6.21 3.36 8.15 0.95 5.87 0.00

2007 0.00 0.69 11.02 6.63 6.50 20.72 2.38 1.28 1.55 1.23 6.07 2.23

2008 0.00 3.86 2.91 0.63 10.73 9.44 1.41 13.61 1.25 1.92 2.60 3.90

Avg(Drate) 2.61 1.42 5.38 6.18 6.02 6.30 2.32 3.47 2.64 4.56 4.46 2.19
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3.4 Deck Floor Condition Degradation Rate 

Figure 3.16 shows the ODOT Spreadsheet calculations for Deck Floor Condition OPI. Deck Floor 

Condition Degradation rate depends on two factors. 

1) Deck Floor Condition OPI rating for the bridge. 

2) General Appraisal rating of the bridge. 

Figure 3.17 details a comparison of bridges which are deficient for Deck Floor Condition OPI (FC>2) 

and bridges which are deficient with respect FC but are healthy with respect to GA OPI (GA>=5 and 

FC>2). Bridges which is FC deficient forms the superset of bridges which are FC deficient but health 

GA. From the comparison it can be observed that bridges which are FC deficient but healthy GA 

forms 60 – 70% of bridges which are FC deficient and hence for the Degradation Rate analysis both 

FC and GA factors are considered. 

 

Figure 3.16: FC Degradation Calculation in ODOT Spreadsheet. 
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Figure 3.17: Factors Affecting Deck Floor Condition Degradation Rate. 

The definitions for different terns in FC degradation rate calculations are tabulated in Figure 3.18. As 

described above a bridge is considered deficient with respect to FC OPI only if its FC OPI rating > 2 

and GA OPI rating >=5. 

Term In Spreadsheet UCII Abbreviation Definition 

Total Sq Ft of Deck AT Net Deck Area Of Bridges at any year.

Sq Ft Current Deficiencies ACD Sq Ft of Area with FC>2 and GA>=5

Sq Ft Programmed through 

on(ACD) 

MCD Maintenance on ACD: Sq Ft of Area making 

transition (FC>2 and GA>=5) to (FC <=2 and 

GA >=5) between two consecutive years. 

Current Sq Ft Deficient without 

project 

ACNM ACD - MCD 

Sq Ft Almost Deficiencies AND Sq Ft of Area with FC=2 and GA >=5

Sq Ft Programmed through MND Maintenance on ACD: Sq Ft of Area making 
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on(AND) transition (FC=2 and GA>=5) to (FC <2 and 

GA >=5) between two consecutive years. 

Current Sq Ft Deficient without 

project 

ANNM AND – MND 

Almost Def to go Deficient Adeg Sq Ft of Area making a transition (FC=2 and 

GA>=5) to (FC >2 and GA >=5) between two 

consecutive years. 

Predicted GA (ACNM + Adeg) *100/ AT 

Figure 3.18: Definitions for FC Calculations. 

Degradation rate is calculated by using the equation below. 

Drate= ADeg/(AND - MND ). 

ODOT spreadsheet uses a constant Drate of 1.50 % for Deck Floor Condition OPI. UCII calculates 

the ADeg using the 5 year Moving Window of STM’s and 2 year Moving Window of STM’s .AND  and  

MND are the actual data obtained from database obtained using SQL queries. 

 

3.4.1 SQL Queries for FC Degradation Calculations. 

The following SQL queries were used to fetch data from UCII database for FC degradation rate 

calculations. The definition for each term is given in the section above. 

1) AT   : 

 

2) ACD 
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3) MCD 

 

4) AND 

 

5) MND 

 

 

 

3.4.2 Moving Window of STM’s For FC Degradation Rate Calculation. 

Figure 3.19 shows the Maintenance on FC Deficient bridges (MCD)  and the current FC deficient 

bridges (ACD). It can be observed that the maintenance on FC deficient bridges and FC current 
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deficient bridges changes across years and as described in Section 3.3.3.1 keeping a constant 

Degradation rate will not be able to capture this changes.  

Details on the algorithm used for Moving TPM approach for the 5 year Window of STM’s and 2 year 

Window of STM is given in Section 3.3.3.2. Figure 3.20 shows the results of Degradation Rate 

calculations for FC OPI.  It can be observed that the FC degradation rate varies across years 2001 to 

2008. For the period 2001 to 2008, the predicted degradation rate using 5 year Moving Window, 2 

year Moving Window as well as the actual degradation rate obtained from the database, is lower than 

the constant degradation rate of 1.5% used by ODOT Spreadsheet. 

 

Figure 3.19: FC Maintenance and Policy Changes. 
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Figure 3.20: FC Degradation Rate. 

The predicted deficient area using 5 year and 2 year Moving Windows of STM, ODOT Spreadsheet 

constant degradation rate of 1.5%, actual deficient area from the database are shown in Figure 3.21. 

The predicted deficient areas were calculated using equation described in Section 3.3.2.  A 

comparison of the Maintenance on Almost Deficient FC bridges and Degradation on Almost 

Deficient bridges are shown in Figure 3.22. It can be seen that Sq Ft of area Maintained every year is 

close to the Sq Ft of area degrading every year. This result is similar to the result seen for GA 

maintenance and degradation.  

 

 

 

0

0.5

1

1.5

2

2.5

3

2001 2002 2003 2004 2005 2006 2007 2008

P
e
rc
e
n
ta
ge

 D
e
gr
ad

at
io
n

Drate (UCII: 5 yr moving window) Drate (UCII: 2 year window)

Drate (Database) Drate (ODOT as per spreadsheet)



54 
 

 

 

Figure 3.21: Predicted Deficient Area for FC OPI. 

 

Figure 3.22: Comparison of Maintenance and Degradation for FC OPI. 
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3.4.3 FC Degradation Rate for Districts. 

Figure 3.23 shows the degradation rate for FC OPI for districts in Ohio. The degradation rates are 

obtained from the database using SQL queries. From the average Degradation Rates it can be seen 

that District 4, District 5, District 8 and District 12 have relatively higher FC degradation rates and 

District 1 and District 7 have the lowest degradation rate. District 1 records a 0 degradation rate from 

2002 to 2007. 

Year Dist 1 Dist 2 Dist 3 Dist 4 Dist 5 Dist 6 Dist 7 Dist 8 Dist 9 Dist 10 Dist 11 Dist 12 

2001 0.73 1.57 0.72 1.76 0.25 0.80 0.18 0.34 0.26 1.79 0.47 2.50

2002 0.00 0.42 2.02 1.41 1.90 0.00 0.58 2.71 0.21 1.53 0.23 1.06

2003 0.00 1.83 0.00 2.28 0.00 0.51 0.14 1.10 0.68 0.78 1.95 0.56

2004 0.00 0.00 0.00 0.82 2.67 0.00 0.40 0.78 1.42 3.42 0.40 0.59

2005 0.00 1.22 0.87 3.10 0.98 0.00 0.00 1.75 1.76 0.00 0.73 2.22

2006 0.00 0.02 3.27 0.82 1.27 0.50 0.58 1.17 0.80 0.78 1.31 0.00

2007 0.00 1.41 0.00 1.46 0.38 0.65 0.33 0.37 0.00 0.00 1.36 0.46

2008 2.48 0.00 0.00 0.53 0.78 2.49 0.00 0.74 0.39 0.35 0.21 0.29

Avg(Drate)  0.40  0.81 0.86  1.52 1.03 0.62 0.28 1.12 0.69  1.08  0.83 0.96

 

Figure 3.23: FC Degradation Rate for Districts. 
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3.5 Deck Wearing Surface Degradation Rate 

Figure 3.24 shows the Deck Wearing Surface OPI degradation calculation from ODOT Spreadsheet. 

Deck Wearing Surface degradation depends on 3 factors. 

1) Deck Wearing Surface OPI rating of the bridge. 

2) General Appraisal OPI rating of the bridge  

3) Deck Floor Condition OPI rating of the bridge 

A comparison study of the bridges which are Deck Wearing Surface deficient (WS >2) and bridges 

which are Deck Wearing Surface deficient but healthy General Appraisal (GA>=5) and Deck Floor 

Condition (FC<=2) is shown in Figure 3.25. It can be seen that bridges which are Deck Wearing 

Surface deficient but healthy General Appraisal(GA>=5) and Deck Floor Condition(FC<=2) is a 

subset of all Deck Wearing Surface deficient bridges and about 60-70% of all Deck Wearing Surface 

deficient bridges. Because of the considerable reduction in bridge area we consider all three factors 

(WS, GA and FC rating) for WS degradation calculations. 

 

Figure 3.24: WS Degradation Calculations in ODOT Spreadsheet. 
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Figure 3.25: Factors Affecting WS Degradation Rate. 

The definitions for different terns in WS degradation rate calculations are tabulated in Figure 3.26. As 

described above a bridge is considered deficient with respect to WS OPI only if it’s WS OPI rating>2, 

FC OPI rating <= 2 and GA OPI rating >=5. 

 

Term In Spreadsheet UCII Abbreviation Definition 

Total Sq Ft of Deck AT Net Deck Area Of Bridges at any year.

Sq Ft Current Deficiencies ACD Sq Ft of Area with WS>2,FC<=2 and GA>=5

Sq Ft Programmed through 

on(ACD) 

MCD Maintenance on ACD: Sq Ft of Area making 

transition (WS>2, FC<=2 and GA>=5) to 

(WS<=2, FC <=2 and GA >=5) between two 

consecutive years. 

Current Sq Ft Deficient without 

project 

ACNM ACD - MCD 
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Sq Ft Almost Deficiencies AND Sq Ft of Area with WS=2, FC<=2 and GA>=5

Sq Ft Programmed through 

on(AND) 

MND Maintenance on ACD: Sq Ft of Area making 

transition (WS=2, FC<=2 and GA>=5) to 

(WS< 2, FC <=2 and GA >=5) between two 

consecutive years. 

Current Sq Ft Deficient without 

project 

ANNM AND – MND 

Almost Def to go Deficient Adeg Sq Ft of Area making a transition (WS=2, 

FC<=2 and GA>=5) to (WS>2, FC<=2 and 

GA >=5) between two consecutive years. 

Predicted GA (ACNM + Adeg) *100/ AT 

Figure 3.26: Definitions for WS Calculations. 

Degradation rate is calculated by using the equation below 

Drate= ADeg/ (AND - MND ). 

ODOT spreadsheet uses a constant Drate of 2.0 % for Deck Floor Condition OPI. UCII calculates 

the ADeg using the 5 year Moving Window of STM’s and 2 year Moving Window of STM’s .AND  and  

MND are the actual data obtained from database obtained using SQL queries. 

3.5.1 SQL Queries for WS Calculations 

The following SQL queries were used to fetch data from UCII database for WS degradation rate 

calculations. The definition for each term is given in the section above. 

1) AT   : 
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2) ACD 

 

3) MCD 

 

4) AND 

 

5) MND 
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3.5.2 Moving Window of STM’s For WS Degradation Rate Calculation. 

Figure 3.27 shows the Maintenance on WS Deficient bridges (MCD) and the current WS deficient 

bridges (ACD). It can be observed that the maintenance on WS deficient bridges and WS current 

deficient bridges changes across years. Keeping a constant Degradation rate will not be able to 

capture this changes as described in Section 3.3.3.1. 

Details on the algorithm used for Moving TPM approach for the 5 year Window of STM’s and 2 year 

Window of STM is given in Section 3.3.3.2. Figure 3.28 shows the results of Degradation Rate 

calculations for WS OPI.  It can be observed that the WS degradation rate varies across years 2001 to 

2008. The degradation rate calculated using the 5 year Moving Window and 2 year Moving Window 

is above the ODOT’s constant degradation rate of 2% for most of the years between 2001 and 2008. 

The actual degradation rate from database is above ODOT’s 2% rate from 2001 to 2005 and then 

drops below 2%. At 2008 5 years Moving Window and actual degradation rate from database records 

a degradation rate equal to 2%. The 2 year Moving Window follows the actual degradation rate plot 

but delayed by a year. 
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Figure 3.27: WS Maintenance and Policy Changes. 

Policy Change 
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Figure 3.28: WS Degradation Rate. 

The predicted deficient area using 5 year and 2 year Moving Windows of STM, ODOT Spreadsheet 

constant degradation rate of 2%, actual deficient area from the database are shown in Figure 3.29. 

The predicted deficient areas were calculated using equation described in Section 3.3.2.  A 

comparison of the Maintenance on Almost Deficient WS bridges and Degradation on Almost 

Deficient bridges are shown in Figure 3.30. It can be seen that Sq Ft of area Maintained every year is 

close to the Sq Ft of area degrading every year. This result is similar to the results seen for GA as well 

as WS maintenance and degradation.  
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Figure 3.29: Predicted Wearing Surface Deficient Area. 

 

Figure 3.30: WS Maintenance and Degradation.  
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3.5.3 WS Degradation Rate for Districts.  

Figure 3.31 tabulates the WS Degradation rates obtained from the UCII Database for districts in 

Ohio. It can be observed from the average degradation rates that District 7 records the lowest 

degradation rate. The highest degradation rates were recorded for District6. District 1 recorded a 

degradation rate of 0 for 3 consecutive years from 2002 to 2004. The overall degradation rate for year 

2003 is the highest with the bigger districts like  District 6, District 8 and Distric 12 recording 

degradation rates of 14.75% , 5.73% and 4.75 respectively. 

Year Dist 1 Dist 2 Dist 3 Dist 4 Dist 5 Dist 6 Dist 7 Dist 8 Dist 9 Dist 10 Dist 11 Dist 12

2001 1.60 2.72 1.54 0.00 4.96 12.51 0.00 0.96 0.24 6.47 0.84 2.64

2002 0.00 1.33 2.33 0.00 0.00 11.74 0.97 1.39 0.00 8.58 1.23 5.58

2003 0.00 0.00 2.35 0.03 0.00 14.75 0.68 5.73 1.80 7.84 0.81 4.76

2004 0.00 2.04 5.35 1.46 10.45 10.63 0.00 0.54 0.87 0.26 1.27 0.52

2005 2.81 0.88 5.81 1.61 0.79 6.38 0.98 0.67 4.08 1.79 0.27 0.40

2006 1.95 0.57 3.50 1.43 4.07 3.44 1.01 0.81 0.94 2.66 1.15 0.00

2007 0.28 0.12 1.99 0.46 3.24 5.84 0.00 1.66 0.59 2.90 3.47 0.88

2008 2.13 0.31 6.11 0.68 1.61 6.59 0.06 0.67 5.17 3.69 0.72 0.30

Avg(Drate) 1.10 1.00 3.62 0.71 3.14 8.99 0.46 1.55 1.71 4.27 1.22 1.88

 

Figure 3.31: WS Degradation Rate for Districts. 
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3.6 Protective Coating System Degradation Rate. 

Figure 3.32 shows the Protective Coating Surface OPI degradation calculation from ODOT 

Spreadsheet. Protective Coating Surface degradation depends on 2 factors. 

1) Protective Coating Surface OPI rating of the bridge. 

2) General Appraisal OPI rating of the bridge  

A comparison study of the bridges which are Protective Coating Surface deficient (PCS<5) and 

bridges which are Protective Coating Surface deficient but healthy General Appraisal (PCS<5 and 

GA>=5) is shown in Figure 3.33. It can be seen that bridges which are Protective Coating Surface 

deficient but healthy General Appraisal(PCS<5 and GA>=5) is a subset of all Protective Coating 

Surface deficient bridges and constitutes about 70-80% of all Protective Coating Surface deficient 

bridges. Because of the considerable reduction in bridge area we consider all the factors (PCS, GA) for 

PCS degradation calculations. 

 

Figure 3.32 PCS Degradation Rate Calculation in ODOT Spreadsheet. 
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Figure 3.33 Factors Affecting PCS Degradation Rate. 

The definitions for different terns in PCS degradation rate calculations are tabulated in Figure 3.34. As 

described above a bridge is considered deficient with respect to PCS OPI only if its PCS OPI rating<5  

and GA OPI rating >=5. 

 

Term In Spreadsheet UCII Abbreviation Definition 

Total Sq Ft of Deck AT Net Deck Area Of Bridges at any year.

Sq Ft Current Deficiencies ACD Sq Ft of Area with PCS<5 and GA>=5

Sq Ft Programmed through 

on(ACD) 

MCD Maintenance on ACD: Sq Ft of Area making 

transition (PCS<5 and GA>=5) to (PCS>=5 

and GA >=5) between two consecutive years. 

Current Sq Ft Deficient without 

project 

ACNM ACD - MCD 

Sq Ft Almost Deficiencies AND Sq Ft of Area with PCS=5 and GA>=5

Sq Ft Programmed through 

on(AND) 

MND Maintenance on ACD: Sq Ft of Area making 

transition (PCS=5 and GA>=5) to (PCS>5 and 
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GA >=5) between two consecutive years.

Current Sq Ft Deficient without 

project 

ANNM AND – MND 

Almost Def to go Deficient Adeg Sq Ft of Area making a transition (PCS=5 and 

GA>=5) to (PCS<5 and GA>=5) between two 

consecutive years. 

Predicted GA (ACNM + Adeg) *100/ AT 

Figure 3.34: Definitions for WS Calculations. 

Degradation rate is calculated by using the equation below 

Drate= ADeg/(AND - MND ). 

ODOT spreadsheet uses a constant Drate of 5.0 % for Protective Coating System OPI. UCII 

calculates the ADeg using the 5 year Moving Window of STM’s and 2 year Moving Window of STM’s 

.AND  and  MND are the actual data obtained from database obtained using SQL queries. 

 

3.6.1 Dataset Used for PCS Calculations. 

Protective Coating System is an indicator of the condition of the corrosion protection applied to the 

bridge structural steel. Concrete bridges do not have Protective Coating System and hence only steel 

bridges are used for PCS analysis [1]. Some of the steel bridges, namely A588 Weathering bridges do 

not have a Protective Coating System and hence they are also removed from the analysis. 

Protective Coating System OPI was converted from a 1-4 scale to a 0-9 scale in 2002 and 2003[1]. For 

the purpose of this analysis, bridges in the new scale were only considered. This means that the 

available area distribution for degradation modeling is from years 2004 – 2008.Using the two year 
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Moving window with year 2003 and year 2004 as the initial years for STM calculations, predictions 

from 2005 to 2008 were made. Actual degradation from database was also used to predict degradation 

from 2005 to 2008. 5 year Moving Window used 2003 -2007 as the years for computing STM and 

predicted degradation rate for 2008. 

3.6.2 SQL Queries For PCS Calculations. 

The following SQL queries were used to fetch data from UCII database for PCS degradation rate 

calculations. The definition for each term is given in the section above.  

1) AT   : 

 

2) ACD 

 

3) MCD 

 

4) AND 



69 
 

 

 

5) MND 

 

 

3.6.3 Moving Window of STM’s For PCS Degradation Rate Calculation. 

Figure 3.35 shows the Maintenance on PCS Deficient bridges (MCD) and the current PCS deficient 

bridges (ACD). It can be observed that the maintenance on PCS deficient bridges and PCS current 

deficient bridges changes across years. Keeping a constant Degradation rate will not be able to 

capture this changes as described in Section 3.3.3.1. 

Details on the algorithm used for Moving TPM approach for the 5 year Window of STM’s and 2 year 

Window of STM is given in Section 3.3.3.2. Figure 3.36 shows the results of Degradation Rate 

calculations for PCS OPI. The actual degradation rate from database is more than constant 5% 

degradation in ODOT Spreadsheet for year 2005 and year 2006 and then starts to dip down. Both 

the Moving Windows and actual degradation from database are at 4.5% at year 2008. 
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Figure 3.35: PCS Maintenance and Policy Changes. 

 

 

Policy Change
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Figure 3.36: PCS Degradation Rates 

 

3.6.4 PCS Degradation Rate for Districts. 

PCS degradation rate for different districts in Ohio and the average PCS degradation rate for a period 

2005 to 2008 are tabulated in Figure 3.37. It can be observed from the average degradation rates that 

District 5 has the highest degradation rate followed by District 1 and District 6. In general Districts in 

Central Ohio (District 5, District 6, District 7, and District 11) have higher PCS degradation rates as 

compared to other districts. 
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Year Dist 1 Dist 2 Dist 3 Dist 4 Dist 5 Dist 6 Dist 7 Dist 8 Dist 9 Dist 10 Dist 11 Dist 12

2005 19.48 0.00 15.37 2.05 10.00 5.50 8.97 4.72 8.76 2.75 0.00 0.00 

2006 15.25 3.05 8.25 3.20 15.10 7.93 8.25 4.43 4.68 1.13 0.00 1.34 

2007 5.31 0.00 2.77 4.23 15.34 10.76 1.14 3.44 0.00 9.97 12.09 1.47 

2008 0.00 1.75 1.38 1.93 25.96 14.34 5.29 2.90 0.00 2.34 9.43 1.45 

Avg(Drate) 10.01 1.20 6.94 2.85 16.60 9.63 5.91 3.87 3.36 4.05 5.38 1.06 

Figure 3.37: PCS Degradation Rate for Districts. 
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