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1. INTRODUCTION 

The objective of Task 3, Statistical Analysis, was to identify a process to determine the input 

parameters for AASHTOWare™ Bridge Management software (BrM). This Task is important to 

the success of the research as it provides the foundation from which to create the deterioration 

curves in Task 4 and the subsequent BrM analyses performed by the Montana Department of 

Transportation (MDT) to manage their bridge assets. This task report summarizes the 1) analysis 

methods investigated, 2) observations from the inspection data and results, and 3) selected 

procedure for estimating and validating BrM input parameters. With support from Mayvue 

Solutions and the MDT, deterioration targets were established to provide confidence that selected 

input parameters produced representative and reliable deterioration curves for bridge elements in 

the state of Montana. 

1.1. BrM Deterioration Curves 

BrM uses a Weibull distribution to define the bridge deterioration from condition state 1 (CS-1) to 

CS-2, followed by a Markov model to estimate the deterioration curves from CS-2 to CS-4. The 

input parameters used by BrM to calculate the deterioration curves include the median years in 

CS-1, CS-2, and CS-3, and a Weibull shape factor () The shape factor defines the initial slope of 

the deterioration curves and the median years determines the length of time over which the 

deterioration occurs in each condition state. As shown in Figure 1, a higher  value produces less 

deterioration during early bridge ages followed by a steeper curve and faster deterioration expected 

as the bridge age increases. A  value between 0-1 (0 <  ≤ ) creates a concaved deterioration 

rate that is similar to deteriorations calculated using a Markov model.  

 

Figure 1: Effect of the shape factor (β) on Weibull Modeled Deterioration (adapted from [1]). 



Deterioration Curves - Task 3 Report    

 2 

A trial version of BrM was used to evaluate deterioration curves for bridge elements using different 

input parameters. The default input parameters in BrM are the average reported values from five 

states (Alabama, Idaho, New York, California, and Kentucky) that upgraded to the internet-

friendly version of BrM in 2013. 

2. STATISTICAL ANALYSIS METHODS 

Bridge element deterioration does not have a normal distribution and is typically skewed towards 

bridges in good condition (CS-1) that exist at lower bridge ages. The Weibull distribution has been 

shown by DeLisle et al. [2] to provide a good overall fit for infrastructure deterioration data and 

was verified by Agrawal et al. [3]. The Weibull distribution used by BrM to evaluate the 

deterioration between CS-1 and CS-2 can be defined by a 2-parameter Weibull distribution [4] 

shown in the following equation: 

 𝑦 = 𝛽[−ln(𝑥)]1/𝛼 Equation 1 

Where β is the shape factor, and α is the scale factor associated with the data. The median years in 

a Weibull distribution for this application locates the middle point, or half-life, of the bridge 

element deterioration. It can be calculated using the scale factor, , and shape factor  using 

Equation 2 

 𝑚𝑒𝑑𝑖𝑎𝑛 = 𝛼(ln 2)
1

𝛽 Equation 2 

Two methods, graphical and algebraic, were investigated to estimate the shape factor () and the 

median number of years in CS-1 for the Weibull distribution used by BrM. The statistical analysis 

procedures were tested using the National Bridge Inventory (NBI) element inspection data for all 

reinforced concrete decks maintained by MDT. A single year of inspection data (2020) is used for 

the algebraic statistical analysis and is assumed to include a reasonable representation of the 

percentage of bridge deck area reported by inspectors as CS-1 for all bridge ages. Deterioration 

trends for bridges in different maintenance districts were modified using BrM environment factors 

and are described in Section 4.4. 

2.1. Graphical Method 

The graphical method to describe a Weibull distribution uses one-year time increments and the 

entire dataset to represent the deterioration of different bridge elements [5]. There are multiple 

observations for each time-step (i.e., there are multiple bridges that have the same age), so the 

condition state for bridges with the same ages are averaged so there is only one observation per 

time-step. The bridges are then arranged in ascending order by the average percentage of deck area 

in CS-1.  

After the bridges are ranked, each time-step is assigned a probability. For this research, the 

probability (P) was calculated using the formula in Equation 3, where Rank and n are the ascending 

rank and number of observations, respectively. Using these assigned probabilities, the x- and y-
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values are calculated using Equation 4 and Equation 5 for each time step. Example results for the 

calculated probabilities and x and y values are shown in Table 1. 

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 
(𝑅𝑎𝑛𝑘−0.5)

𝑛
                                                Equation 3 

𝑥 = 𝑙𝑛(𝐶𝑆1)                                                 Equation 4 

𝑦 = 𝑙𝑛(−𝑙𝑛(1 − 𝑃))                                          Equation 5 

 

Table 1: Top ten rows of organized CS-1 bridge deck data used to estimate Weibull parameters. 

Bridge 

Rank 

Average % Deck 

Area in CS-1 
P (Rank-.5)/n Y (ln(-ln(1-P))) X_CS1 (ln(CS1p)) 

1 22.6602 0.0051 -5.2857 3.1206 

2 96.1263 0.0152 -4.1820 4.5657 

3 32.0000 0.0253 -3.6661 3.4657 

4 33.0384 0.0354 -3.3244 3.4977 

5 41.5346 0.0455 -3.0679 3.7265 

6 45.3344 0.0556 -2.8619 3.8141 

7 45.9862 0.0657 -2.6896 3.8283 

8 46.2039 0.0758 -2.5411 3.8331 

9 51.6435 0.0859 -2.4105 3.9444 

10 52.0168 0.0960 -2.2938 3.9516 

 

A linear regression line of the calculated x- and y-values for the averages of bridges with the same 

age for the entire dataset is shown in Figure 2. The slope of the regression line through the data 

points is the shape factor (). The scale factor () corresponds to the y-intercept, which can be 

estimated from the trend line or calculated by substituting x = 0 into the Weibull distribution 

Equation 1. A rearranged Equation 1 to solve for the scale factor, , is shown in Equation 6. Once 

the values of  and  are known, the median number of years can be calculated using Equation 2. 

𝛼 = 𝑒
−𝑦

𝛽  Equation 6 

2.1.1. Evaluation of the Weibull Graphical Method 

The graphical method is a true representation of the data using a Weibull distribution because it 

considers every line of data and adjustments are not made to fit the desired outcomes. For all 

reinforced concrete bridge decks maintained by MDT (n = 1,549), the graphical Weibull 

distribution plot in Figure 2 results in a shape factor,  = 4.74 and median years in CS-1 equal to 

75. The age of the bridge deck was calculated using the “year built” field in the inspection data. It 

is acknowledged that older bridges with recent bridge deck repairs or replacements would 
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contribute to an underestimate of the bridge deterioration using the age calculated from the year-

built data field. Because of the inconsistent recorded bridge deck maintenance in the inspection 

database, the year-built field was chosen to calculate the age to minimizing uncertainties 

introduced from the inclusion of bridge maintenance records. Entering these parameters into BrM 

and using default values for median years in CS-2 and CS-3, the deterioration curves for CS-1 was 

calculated and is shown in Figure 3. The estimated deterioration curve is the dashed line and the 

solid line represents the deterioration curve using the all BrM default values (β = 1.3, median years 

in CS-1 = 14.4). Compared with the default BrM deterioration curve, the estimated trend using 

values calculated from the graphical approach has a much slower deterioration rate than the default 

BrM values that is caused by the large shape factor ( = 4.74) and a large median year value for 

CS-1 of 75. The trend suggests that reinforced concrete decks will have 95% of their surface area 

rated as CS-1 at a bridge age of approximately 45-years, as indicated by the green lines in Figure 

3. This deterioration rate may not be unreasonable for low-volume roads based on MDT’s 

experience. However, because all concrete bridge decks were used to create the BrM input 

parameters, this trend will underestimate the deterioration curves for bridge decks with higher 

traffic volumes. 

 

Figure 2: Weibull distribution - graphical representation of all bridge decks in CS-1. 

To further investigate the graphical method, a second dataset was considered where all bridge 

decks with identified maintenance activity were removed. A Weibull distribution plot was created 

using the remaining 896 bridges with no documented maintenance and is shown in Figure 4. 

Removing the bridges with reported maintenance slightly reduced the shape factor ( = 3.80 

compared with  = 4.74) but kept the median years in CS-1 approximately the same (75.3 

compared with 75.0). The reduced shape factor resulted in a faster deterioration in CS-1 with 95% 

of bridge deck areas remaining in CS-1 after approximately 35 years (compared with 45 years) as 

shown in Figure 5. As expected, the deterioration rates increase when calculated using a reduced 

 when bridges with documented maintenance are removed and confirms the potential 
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underestimation of bridge deterioration when the year-built data field is used to calculate a bridge 

age as noted above. The calculated deterioration excluding bridge decks with recorded 

maintenance shown in Figure 5 do approximately represent MDT’s experience that low volume 

roads, where it is not uncommon to have 95% of the bridge deck rated as CS-1 after 30 years when 

deck maintenance and/or repair are needed.  

 

Figure 3: Deterioration curves for shape factor, β = 4.74, and median years in CS-1 equal to 75 

(dotted line). The solid line is the BrM default deterioration curve. 

 

Figure 4: Weibull distribution - graphical representation of bridge decks with no identified 

maintenance activity for CS-1. 

In addition to the two previously described parameter estimates for concrete bridge decks with and 

without maintenance, three bridge deck groups (decks along Interstate-15 with and without 

maintenance and prestressed girders) were also investigated to evaluate the results of the graphical 

method. The statistical summary of these groups can be found in Table 2. Recognizing that higher 

shape factors () and higher median years in CS-1 contribute to slower deterioration trends, 

calculated curves using the values shown in Table 2 for the three additional bridge deck groups 

would be milder than the curves shown in Figure 3 and Figure 5. A slower deterioration could be 

expected for prestressed concrete girders; however, this would not be the case for high traffic 
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volume interstate bridges. The underestimation of deterioration for the two interstate groups is 

likely due to the increased and potentially unreported maintenance activity for these bridge decks 

and the use of ‘year-built’ data field to calculate the bridge age.   

 

Figure 5: Deterioration curves for a shape factor of 3.8 and median years at CS-1 equal to 75.3 

(dotted line). The solid line is the BrM default deterioration curve. 

Table 2: Statistics summary of data to estimate Weibull parameters using the graphical method 

for reinforced concrete deck elements from different bridge datasets. 

 

2.2. Algebraic Method 

The second statistical method investigated was the algebraic method, which is similar to the 

graphical method but instead of including the entire dataset, only three bridge ages are used to 

calculate the Weibull parameters α and  It allows for some flexibility to adjust the calculated 

input parameters by selecting different groups of bridge ages. The Weibull parameters are 

calculated using the same method as the graphical method with data from three bridge ages. 

Selecting different bridge ages allows deterioration trends to be modified to obtain Weibull 

parameters and deterioration curves that more-closely match expected values. 

Min. Max. Mean Median
Std. 

Dev.

All Bridges 1 99 96 22.7 96.1 73.2 77.3 14.9 4.7 81 75

Bridges w/o 

Maintenance
3 97 92 22.7 96 74.7 79.4 16 3.8 82.9 75.3

Interstate-15 1 61 32 58.3 100 84.4 86.2 11.6 7.2 102.7 98

Interstate-15 w/o 

Maintenance
1 61 27 31.7 100 83.3 91 16.8 4.7 91.6 85

Pre-stressed 

Concrete Girders
1 81 63 88.9 100 99.2 99.7 1.6 63 100.1 100

Median 

Years in 

CS-1

Number of 

Observations
Bridge Group

Max. 

Bridge 

Age

% CS-1 Data Summary Shape 

Factor 

(β)

Scale 

Factor 

(α)

Min. 

Bridge 

Age
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2.2.1. Evaluation of the Weibull Algebraic Method 

The algebraic method uses only three lines of aggregated NBI element data from the complete 

dataset to estimate parameters for a Weibull distribution. To compare with the geometric method 

results presented above, the entire dataset was arranged (ranked) by percentage of bridge deck area 

rated in CS-1. Four arbitrarily selected lines of the reinforced concrete deck element data with 

ranks of 2, 25, 50, and 99 were selected to demonstrate how to calculate the Weibull parameters 

using the equations in Section 2.1 and how selecting different bridge deterioration ranks can 

influence the shape factor and/or median years in CS-1. The results are shown Table 3. The three 

lines of data used to estimate the  and  BrM input parameters were ranked 2, 25, and 50 and 2, 

25, and 99. The two groups were selected to show how changing the selected bridge ranks will 

alter the parameter estimates. 

Table 3: Four selected rows of CS-1 Weibull distribution data used for the algebraic method 

parameter estimates. 

Bridge 

Rank 

Average % Deck 

Area in CS-1 
P (Rank-.5)/n Y (ln(-ln(1-P))) X_CS1 (ln(CS1p)) 

2 96.1263 0.0152 -4.1820 4.5657 

25 96.0138 0.2475 -1.2577 4.5645 

50 93.2127 0.5000 -0.3665 4.5349 

99 30.8747 0.9949 1.6655 3.4299 

 

The process for calculating the BrM input parameters using the algebraic method with three 

selected lines of data involves the incremental application of the Weibull equations described in 

Section 2. For example, an expression for β in Equation 1 using x- and y-values from the 2-year 

bridge-age data (Table 3) can be used to solve for  in Equation 2 using the median years in CS-1 

for the selected 25-year bridge age. This substitution results in a calculated scale parameter, , of 

10.0 that represents data for the first and second selected bridge ages. The  value can then be 

substituted back into Equation 1 using x- and y- values for the third bridge age to calculate . The 

median years in CS-1 is then calculated using Equation 2 with  and  from the first- and second- 

bridge ages selected. 

The BrM input parameters calculated using the algebraic method and bridge ranks of 2, 25 and 50 

and 2, 25, and 99 for all bridge decks maintained by MDT (n = 1,549) are shown in Table 4. The 

BrM-calculated deterioration curves using these input parameters are shown in Figure 6. Unlike 

the CS-1 deteriorations calculated using the graphical method (Figure 3 and Figure 5), the dashed 

line in Figure 6 suggest a more aggressive deterioration trend than the BrM default values shown 

by the solid line. 
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Table 4: BrM input parameters using algebraic method. 

Bridge Rank  median years in CS-1 

2, 25, 50 1.06 7 

2, 25, 99 2.36 9 

Deterioration curves calculated using input parameters from the graphical and algebraic methods 

result in under- and over-estimations of deterioration compared with BrM defaults. An important 

component of the current research that will be presented in Task 4 (deterioration curve 

development) is the statistical approach that better represents the deterioration of MDT bridges 

and the direction they might be adjusted or shifted to obtain reliable bridge asset analyses. For the 

most accurate results to be presented, BrM simulations should be run to observe how the input 

parameters effect the estimated bridge maintenance activity.  

 

 (a)  = 1.06 and median years in CS-1 = 7 (b)  = 2.36 and median years in CS-1 = 9.  

Figure 6: Estimated bridge deteriorations for CS-1 using the algebraic method using (a) bridge 

ages of 2, 25, and 50 years and (b) using bridge ages of 2, 25, and 99 years. 

3. INSPECTION DATA CHALLENGES 

The deterioration curves calculated in BrM use the most recent form of the National Bridge 

Inventory (NBI) element data which estimates the percentage of each element (e.g., deck, girder, 

joints, etc.) in a certain condition state. The four condition states available to inspectors are shown 

in Table 5. 

Table 5: Condition State Definitions. 

Condition State Definition 

CS-1 Good 

CS-2 Fair 

CS-3 Poor 

CS-4 Severe 

The preliminary results from the graphical method analysis (Section 2.1) to determine the Weibull 

input parameters for BrM revealed mild deterioration trends of 95% of bridge deck areas remaining 
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in CS-1 for up to 45 years. Although these estimates may not be realistic for high volume bridges 

based on MDT’s experience, a closer review of all NBI element inspection data does in fact support 

the underestimated deterioration calculated using the graphical method. 

To investigate the reliability of the graphical method it is beneficial to review the reinforced 

concrete bridge element data in each condition state. In 2020, approximately 14.9 million square 

feet of reinforced concrete deck area were inspected for 1,549 bridges in Montana, with bridge 

ages ranging from 1 to 99 years. For all bridge ages, the median percentage of bridge deck area 

rated as CS-1 was 75 percent (Table 2). The median percentages for CS-2 and CS-3 were 22% and 

3% respectively. The distribution of the 2020-year CS ratings is shown in Figure 7 below. This 

figure indicates 92.6% of all bridge decks have less than 15% of their total area in CS-3, and 99.8% 

of bridge decks did not include CS-4 rating. Figure 7 helps to visualize how the data is weighted 

towards CS-1 and confirms the challenge with trying to estimate deterioration trends with small 

percentages of bridge deck areas rated in CS-2, CS-3, and CS-4. The lack of CS-3 and CS-4 ratings 

for bridge element data also creates challenges with estimating BrM input parameters using a 

Markov deterioration from condition states CS-2 to CS-4.  

 

Figure 7: Percentage of bridges in each condition state based on the percent of the bridge deck 

element areas in each associated condition state. 

Other factors that contribute to the inspection data challenges include the variability of bridge 

inspector judgement and guidance provided by the Federal Highway Administration (FHWA) for 

certain bridge types. In addition, the fact that only 22% of Montana bridge decks were rated in CS-

3 and only 3% as CS-4 in 2020 suggests a program that performs maintenance before bridge 

elements reach a rating that clearly indicates deterioration has occurred.  
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To overcome the NBI element data challenges, the flexibility to shift deterioration trends towards 

expected targets using the algebraic method may be a better approach for calculating deterioration 

curves for Montana bridges. The selection of the three bridge ages to use in the analysis becomes 

the unknown and highlights the importance of establishing reasonable targets that reflect MDTs 

maintenance experience and validating the results with the NBI inspection data. 

3.1. Recent Experience from other State Departments of Transportation  

To support the inspection data challenges described above, a second literature review was 

completed in search of more-recent State Departments of Transportation (DOT) experiences with 

developing deterioration curves for implementation into an asset management system. The 

experiences of Washington state, Kentucky, and Georgia are summarized below.  

The Washington State Department of Transportation evaluated the potential implementation of 

BrM in 2018 within Washington’s risk-based asset management framework [6]. The strategy 

estimated a timeline of 775 working days and a budget of $462,875 for deterioration modeling, 

consultant project support, hardware, and contingency. 

In 2019, the Kentucky Transportation Cabinet (KYTC) reported their efforts to implement NBI 

element data into BrM [7]. An initial review of the data by the University of Kentucky concluded 

there were not enough data points in CS-3 and CS-4 to complete a reliable analysis. Researchers 

were unsuccessful in obtaining data from other states to fill in these gaps, due to a similar lack of 

data points. The unavailability of sufficient element-level data points resulted in the KYTC to 

postpone their deterioration modeling until such data becomes available. 

Rather than using NBI element data, the Georgia Department of Transportation used 25 years of 

historical NBI data to successfully create depreciation models using the Markov chain approach 

[8]. Their results were determined reliable and were able to estimate expected service lives and 

condition ratings of bridges over a 100-year timeline. 

The results of Washington state and Kentucky illustrate the potential resources required and 

challenges associated with implementing BrM using NBI element data. The report from Georgia, 

however, provides incentive to explore other alternatives to estimate deterioration trends of 

Montana bridges. 

4. REFINED ANALYSIS AND VALIDATION 

The preliminary results to estimate BrM input parameters from a Weibull distribution and MDT’s 

current NBI element data resulted in varying degrees of confidence for identifying deterioration 

trends for reinforced concrete bridge deck elements. After receiving input from this research’s 

Technical Advisory Committee (TAC), a data-based method was investigated to adjust the BrM 

input parameters calculated from either the graphical or algebraic method described above. The 

objective of the refined analysis was to develop a method of combining statistically derived BrM 

input parameters with the established default BrM values to obtain deterioration curves that more 

closely align with MDT’s experience while working in the framework of BrM functionality. 
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4.1. NBI 3-Dimensional Element Data Plots 

Mayvue Solutions, support provider for AASHTO’s BrM software, has extensive experience with 

State DOT NBI element data and deterioration curve development. A visual method suggested by 

Mayvue to identify trends in deterioration and maintenance is the use of 3-dimensional (3D) bar 

graphs. Bridge age ranges are plotted on the horizontal (x-axis), total bridge element area on the 

vertical (y-axis), and the percentage of element area in a particular condition state plotted on the 

z-axis going into the page. The 3D plot for all reinforced bridge decks maintained by MDT for 

CS-1 is shown in Figure 8. The total deck area represents the total area for all bridges in the given 

age range. Large total deck area ‘bars’ shown on the vertical axis of Figure 8 represent groups of 

bridges in similar condition states based on the NBI element data without assumptions or bias. 

 

Figure 8: 3-D graph of the total area of bridge decks in CS-1 for all bridges maintained by MDT 

in 2020. 

One observation evident from Figure 8 is a downward trend in the orange bars that represent 

reinforced bridge deck areas with 91-95% of the deck area rated in CS-1. The trend starts from 

bridge ages of 1-5 years and decreases until it reaches bridge ages up to 30 years. This trend begins 

to reverse for bridges in the 31-35 age range and likely indicates deck maintenance or rehabilitation 

activities were completed. The largest areas of bridge decks rated as CS-1 could be estimated to 

be approximately 40 years or in bridge ages of the largest orange bars in Figure 8. The same plot 

was created for the percentage of deck area rated as CS-2 and is shown in Figure 9. In this plot, 

the peak bridge deck areas are much smaller than the magnitude of the total deck area shown for 
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CS-1 in Figure 8 and indicate smaller bridge deck areas rated as CS-2 in MDT’s inspection 

database. 

 

Figure 9: 3-D graph of the total area of bridge decks in CS-2 for all bridges maintained by MDT 

in 2020. 

These 3D plots show the total deck area in a condition state based on groups of estimated bridge 

ages and the percent of element rated in the condition state considered. The plots highlight bridge 

age groups where large areas of a considered element have high percentages of element areas in a 

selected CS. They are valuable because they show the bridge groups that may need maintenance 

relative to the entire MDT bridge inventory.  

4.1.1. Deterioration Targets. 

The 3D plots used to identify deterioration and maintenance trends of bridge elements in Montana 

should be supported by benchmarks or target values to improve the confidence in the BrM input 

parameters. Based on the deterioration curve and NBI data experience from MDT, a preliminary 

deterioration target of 80-90% of bridge decks rated as CS-1 after 40 years was used as a validation 

tool for both the visual observations from the 3D plots and the deterioration curves calculated in 

BrM. 

As described above, general trends shown in Figure 8 and Figure 9 can be used to adjust default 

BrM input parameters to more accurately represent the deterioration of bridges in Montana and 

may provide a reasonable validation tool for deterioration curves calculated using BrM. It is 

important to note that the observed trends shown in Figure 8 and Figure 9 change when the total 
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deck area is normalized by either the number of bridges, bridge age, or annual daily traffic (ADT). 

Therefore, the development of deterioration curves in Task 4 of this research will evaluate the 

trends of normalized 3D bar charts prior to establishing final recommended adjustments to BrM 

default parameters. 

4.2. BrM Input Parameters 

Mayvue’s experience with other State DOT NBI element data has determined that in general, shape 

factors () for joint elements are estimated to be 1.0, with most other elements described by a 

shape factor  = 1.5. Some State DOT’s have found that shape factors as large as 4 do a reasonable 

job of capturing deterioration trends for some bridge elements. With these values in mind, shape 

factors can be calculated using the algebraic method (Section 2.2) for different bridge datasets to 

see if default BrM input parameters can be improved using MDT’s NBI element data and three-

dimensional bar graphs.  

The median years calculated in CS-1 using the algebraic method could likely be improved by 

choosing different years of inspection data. To make a more direct connection to MDT’s NBI 

element data, trends observed in the 3-dimensional plots will be used to estimate the median years 

in CS-1. The integration of the 3D plots with the BrM-calculated deterioration curves provides an 

intuitive method for revising BrM input parameters to reflect the reduced areas rated in a given 

condition state.  

Using a shape factor calculated above (β = 2.4) with the algebraic method for selected bridge ages 

2, 25, and 99 years and a median year in CS-1 equal to 40 (Figure 8), deterioration curves were 

calculated in BrM. These initial input parameters were then adjusted to approximately meet the 

selected target of 80-90% bridge deck areas rated as CS-1 after 40 years. BrM defaults and adjusted 

median years in CS-1 and CS-2 using the 3D charts as a reference are shown in Table 6. Because 

of the low number of bridges rated with a CS-3 rating, an estimate to the median years could not 

be obtained, and the default BrM value of 15 years was used.  

Table 6: Initial and adjusted BrM input parameters. 

BrM defaults Adjusted values 

Shape 

Factor () 

Median 

years in 

CS-1 

Median 

years in 

CS-2 

Shape 

Factor () 

Median 

years in 

CS-1 

Median 

years in CS-

2 

1.3 14 42 2.4 45 20 

4.3. Preliminary Deterioration Curves 

Using the adjusted input parameters shown in Table 6, deterioration curves were generated by BrM 

and are shown in Figure 10. The large plot on the left of Figure 10 is the Health Index and 

represents the combined effects of each of the condition states deteriorations. The adjusted input 

parameters for reinforced concrete decks are reasonably close to the selected target with 80% of 

the deck areas in CS-1 after 30 years. 
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Figure 10: Bridge deterioration curves in BrM using β = 2.4, median years in CS-1= 45, median 

years in CS-2 = 20, and median years in CS-3 = 15.  

With an increased level of confidence in the deterioration results from the calculated shape factor, 

 = 2.4, and the adjusted median year values from Table 6, additional adjustments to the rate of 

deterioration were investigated using the environmental factor within BrM to account for different 

deterioration trends in the Montana transportation districts. 

4.4. Environmental Factors in BrM 

To further refine the deterioration trends for reinforced concrete bridge decks using the approach 

described above, an environmental factor in BrM is used to increase or decrease the rate of bridge 

element deterioration. The environmental factors available in BrM are shown in Table 7. The 

deterioration curves calculated above using the adjusted input parameters in Table 6 used a 

moderate environmental factor of 1.0. 

Table 7: Default values of Environmental Factors in BrM. 

 

To evaluate the effect of adjusting the deterioration rates using environmental factors, bridge 

datasets were created for each of the five MDT transportation districts. Three dimensional plots 

were created for each district for bridge deck areas rated as CS-1. Trends observed in the plots 

were compared with calculated CS-1 deteriorations using different environmental factors to see 

which factor match trends observed in the 3D plots. The 3D plot for reinforced concrete decks 

rated as CS-1 in the Billings can be seen in Figure 11. Compared with the largest areas of bridge 

decks rated as CS-1for for all bridges at approximately 40 years (Figure 8) the largest bridge areas 

rated in CS-1 in the Billings district increases to approximately 50 years.  To capture this slower 

Benign 2

Low 1.5

Moderate 1

Severe 0.7

Environmental Factors



Deterioration Curves - Task 3 Report    

 15 

deteriation, a ‘low’ environmental factor of 1.5 (Table 7) was applied resulting in the deterioration 

curve shown in the inset of Figure 11. 

 

Figure 11: 3-D graph for the area of bridge decks in Billings District with a CS-1 rating. A low 

environmental factor is applied to the deterioration rate. 

In contrast, Figure 12 shows the CS-1 ratings of bridge decks in the Butte district. The large bridge 

deck areas rated as CS-1 drop off more quickly, indicating a faster deterioration rate. Applying a 

‘severe’ environmental factor (0.7) to this group approximately captures a faster deterioration 

shown in the inset of Figure 12. 

The bridge decks in the Glendive transportation district deteriorate slower than the Billings or 

Butte districts as shown in Figure 13. The peak deck areas rated in CS-1 move horizontally to 

reflect the increased ages of these bridge decks that are still rated as CS-1. Applying a benign 

environmental factor (2.0), a slower deterioration curve is achieved shown in the inset of Figure 

13. 

A similar process was used for the Great Falls and Missoula districts, where environmental factors 

of low (1.5) and moderate (1.0), respectively, provided a reasonable adjustment to the deterioration 

curves using the 3D plots as a reference. The 3D plots for deck areas in the Great Falls and 

Missoula districts rated as CS-1 are shown in Figure 14. A summary of the selected environmental 

factors used to adjust the CS-1 deterioration rates for bridges in the five MDT maintenance districts 

can be seen in Table 8.  
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Figure 12: 3-D graph for the area of bridge decks in the Butte District with a CS-1 rating. A 

severe environmental factor is applied to the deterioration rate. 

 

Figure 13: 3-D graph for the area of bridge decks in the Glendive District with a CS-1 rating. A 

benign environmental factor is applied to the deterioration rate. 
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Figure 14: 3-D plots for the area of bridge decks in the Great Falls (a) and Missoula (b) districts 

with a CS-1 rating. A low environmental factor is applied to the Great Falls 

deterioration curve and a moderate environmental factor for the Missoula 

deterioration curve. 

Table 8: Summary of the deterioration rates of transportation district bridge groups with different 

environmental factors are applied. 

Transportation 

District 

Environmental 

Factor 

% in CS-1 

@30 yrs @50 yrs @70 yrs 

Glendive Benign 95 85 70 

Billings Low 90 70 45 

Great Falls Low 90 70 45 

Missoula Moderate 75 40 15 

Butte Severe 55 10 0 

5. SUMMARY 

An analysis method was selected to estimate input parameters used to calculated deterioration 

curves within the BrM framework. The integrated approach calculates the Weibull distribution 

shape factor () using NBI element data followed by the selection of median years in each 

condition state that match deterioration trends evident in three dimensional plots of the NBI 

element data. Reasonable BrM input parameters were selected for all reinforced concrete bridge 

deck elements which were further refined for the five maintenance districts through the application 

of an environmental factor within BrM. The analysis approach incorporates deterioration and 

maintenance targets, obtained through BrM and MDT in an effort to provide a starting point, with 

a reasonable level of confidence, for calculating deterioration curves in Task 4 of this research. 
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