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• NBI Deterioration Models



What did Pontis 4.x do?

• 4.x was Markovian based

– Condition based model

– Faster deterioration rates in the early stage

– Effect of protective systems not considered

– Expert Elicitation, History or Both

– CoRe Elements



Tuning Deterioration Rates

• 5.2.2 introduces Weibull model as an enhancement to 

Markovian deterioration model 

– The goal is to manage known shortcomings of the 

Markovian model

• Dependent upon:

– The effect that the parameter configurations have on the 

deterioration forecasted by the combined model

– How an agency can tune the parameters to best meet their 

needs
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Initial Parameter Attempts

• “Given that 100% of the element is in Condition State 1 

today, in how many years will only half of that element 

remain in the Condition State 1?”

• “Given that 100% of the element is in Condition State 2 

today, in how many years will only half of that element 

remain in the Condition State 2?”

• “Given that 100% of the element is in Condition State 3 

today, in how many years will only half of that element 

remain in the Condition State 3?”



Initial Parameter Attempts
• Bentley Systems / NJDOT Method – Expert Elicitation



Element 12 - Reinforced Concrete Deck

Paul T. IA OR MI NY Average Std. Dev. (%) NJDOT

Beta 1.3 - - - - 1.3 - - 2.3

T12 7.0 10.1 5.0 7.5 6.3 7.2 1.9 26 14.5

T23 5.0 10.1 5.0 14.5 25.0 13.7 7.4 54 6.4

T34 6.0 9.0 42.0 6.0 7.3 16.1 15.0 93 11.7



Element 12 - Reinforced Concrete Deck

Paul T. IA OR MI NY Average Std. Dev. (%) NJDOT

Beta 1.3 - - - - 1.3 - - 2.3

T12 7.0 10.1 5.0 7.5 6.3 7.2 1.9 26 14.5

T23 5.0 10.1 5.0 14.5 25.0 13.7 7.4 54 6.4

T34 6.0 9.0 42.0 6.0 7.3 16.1 15.0 93 11.7

Average Median Years to 
Transition chosen by 

each state

Iowa 22.2

Oregon 16.3

Virginia 17.6

Michigan 24.7

New York 12.7

Florida 26.5

South Dakota 21.8

Defaults 16.4
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Element 12 - Reinforced Concrete Deck

Paul T. IA OR MI NY Average Std. Dev. (%) NJDOT

Beta 1.3 - - - - 1.3 - - 2.3

T12 7.0 10.1 5.0 7.5 6.3 7.2 1.9 26 14.5

T23 5.0 10.1 5.0 14.5 25.0 13.7 7.4 54 6.4

T34 6.0 9.0 42.0 6.0 7.3 16.1 15.0 93 11.7

Average Median Years to 
Transition chosen by 

each state

Iowa 22.2

Oregon 16.3

Virginia 17.6

Michigan 24.7

New York 12.7

Florida 26.5

South Dakota 21.8

Defaults 16.4

Average 
Standard 
Deviation 

(years)
8.6 (52% of 

average)





Example 1: #330 Metal Bridge Railing

Markovian model only (T1: 29, T2: 13, T3: 9, β: 1) 
Weibull + Markovian model (T1: 29, T2: 13, T3: 9, β: 1.8)
Increasing T2 by 50% (T1: 29, T2: 20, T3: 9, β: 1.8)
Increasing both T2 and T3 by 50% (T1: 29, T2: 20, T3: 14, β: 1.8)



Protective Systems

• 5.2.2 includes the effects of protective systems

– Designed to slow element deterioration

– An element may contain several protective systems

– Effectiveness is based on condition state of protective 

system



Protective Systems

• Effectiveness

– CS1 is always 100% effective

– CS2 and CS3 can be edited by user

– CS4 is always 0% effective

• Maximum protection factor

– Defines how much protection is offered



Protective Systems



NBI Conversion
Make use of element level deterioration

Maximum Allowed
NBI CS 1 % CS 2 % CS 3 % CS 4 %

9 100 0 0 0
8 100 5 5 1
7 100 20 5 2
6 100 100 10 3
5 100 100 20 5
4 100 100 100 15
3 100 100 100 100
2 100 100 100 100
1 100 100 100 100



NBI Conversion
Group by Unit

Su
b

st
ru

ct
u

re

ELEMKEY Element Name Unit Qty. 1 Qty. 2 Qty. 3 Qty. 4
Total 
Qty.

Pct. 1 Pct. 2 Pct. 3 Pct. 4

210 Re Conc Pier Wall ft 80 0 0 0 80 100.0% 0.0% 0.0% 0.0%

215 Re Conc Abutment ft 150 25 0 0 175 85.7% 14.3% 0.0% 0.0%

205 Re Conc Column each 8 4 0 0 12 66.7% 33.3% 0.0% 0.0%

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

Unit Qty. 1 Qty. 2 Qty. 3 Qty. 4 Total Qty. Pct. 1 Pct. 2 Pct. 3 Pct. 4
Health 
Index

NBI 
Conversion

sq.ft

ft 230 25 0 0 255 90.2% 9.8% 0.0% 0.0% 96.7

each 8 4 0 0 12 66.7% 33.3% 0.0% 0.0% 88.9

Average 78.4% 21.6% 0.0% 0.0% 92.8 6



NBI Conversion
Weighted Average

Su
b

st
ru

ct
u

re

ELEMKEY Element Name Unit
Element 
Weight

Weight 
Override

Qty. 1 Qty. 2 Qty. 3 Qty. 4
Total 
Qty.

Pct. 1 Pct. 2 Pct. 3 Pct. 4
Health 
Index

NBI 
Conversion

205 Re Conc Column each 15 8 4 0 0 12 66.7% 33.3% 0.0% 0.0% 88.9 6

210 Re Conc Pier Wall ft 8 80 0 0 0 80 100.0% 0.0% 0.0% 0.0% 100.0 8

215 Re Conc Abutment ft 8 150 25 0 0 175 85.7% 14.3% 0.0% 0.0% 95.2 7

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

Compone
nt 

Weighted 
Averages:

63.23 8.39 0.00 0.00 71.61 88.3% 11.7% 0.0% 0.0%

96.1 7



NBI Conversion Calibration





NBI Deterioration

NBI Years

9 1

8 3

7 6

6 8

5 8

4 10

3

2

1

Assign a number of years for a bridge to spend 
in each NBI rating.



NBI Deterioration Calibration

NBI Years
9 1
8 3
7 6
6 8
5 8
4 10
3
2
1



Questions?


