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• Goals and Objectives

• Background

• Importance of Deterioration Models for BMS

• Methodology 

• Data Preparation

• VDOT Bridge Elements Condition Data

• Data Extraction

• Clean up 

• VDOT Deterioration Modeling Tool

• Set up 

• Estimating Deterioration Parameters for BrM

• Global and Local Environments (Macro and Micro Environments) 

• Protective System

• Recommendations

• Application Demonstration (time permits) 
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Agenda

Virginia Department of Transportation



• Establish a robust bridge management system to enhance the safety 

and serviceability of bridges 
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Goal: 

Virginia Department of Transportation

Objectives:

• Calculate deterioration parameters for AASHTOWare BrM

• Consider and quantify the effects of protective system 

• Consider and quantify the effects of local and global environment 



Why are deterioration models so important?

• Bridge management system 

• Enhancing condition of bridges

• Safety 

• Serviceability 

• Reducing the life cycle costs 

• Cost 

• Optimized allocation of limited resources where most needed 
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Background

Virginia Department of Transportation



Bridge Condition

• Convert projected element condition to GCR

• Calculate Health Index using projected element condition (HI)

Life Cycle Cost

• Anticipate actions (repair, rehab, replacement) based on the projected 

condition of elements 

• Calculate pertinent costs for suggested actions 
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Background

Virginia Department of Transportation



Existing Deterioration Models

• Component Level Models

• Element Level Models

• Markov

• Weibull

• Markov- Weibull (Hybrid model)
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Methodology

Virginia Department of Transportation



Markov Deterioration Models
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Methodology

Virginia Department of Transportation

TPjj= 0.5
1

Tjj

Tjj is the time that 50% of an element transition from CS(j) to 

CS(j+1) which is calculated based on the analysis of the inventory 

or expert elicitation

Year CS1 CS2 CS3 CS4

0 1.00 0.00 0.00 0.00

1 0.996 0.003 0.00 0.00

2 0.989 0.010 0.00 0.00

Formula used in AASHTOWare BrM

Transition Times  (Half Life Period)

TT TT TT

Used Observed BrM

CS1 to CS2 36.02 32.00 28.50

CS2 to CS3 80.14 10.00 19.47

CS3 to CS4 448.10 12.00 13.53

Transition Probability Matrix

CS1 CS2 CS3 CS4

CS1 0.9809 0.0191 0 0

CS2 0 0.9914 0.0086 0

CS3 0 0 0.9985 0.0015

CS4 0 0 0 1.0000



Markov-Weibull Deterioration Models
• Markovian model does not consider the age of the bridge

• Deterioration rate is faster in the beginning of the deterioration period in Markovian models
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Methodology

Virginia Department of Transportation

𝑻𝑷𝟏𝟏 = 𝐞𝐱𝐩(−
𝒈

𝜶

𝜷

)

𝜶 =
𝑻𝟏

(𝑳𝒏𝟐)
𝟏
𝜷

𝒈 = −𝜶 × (−𝑳𝒏 𝒚𝟏 )
𝟏
𝜷

Scale Parameter:

Estimated  Age of Element:

TP11= 0.5
1

T1 1

𝜷 = 𝑆ℎ𝑎𝑝𝑒 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟
𝜶 = 𝑆𝑐𝑎𝑙𝑒 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

𝜹 = 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟



Markov-Weibull Deterioration Models
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Methodology

Virginia Department of Transportation

Markovian Model or 𝛽=1 Weibull Model 𝛽=3



Modification Factors 

• Protective System 

• Environment 

Tjj
o = transition time, for state j, for a given base element

Tjj' = modified transition time, for state j, for a given base element with protective element/s

fe = modification factor
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Methodology
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𝑇′𝑗𝑗 = 𝑓𝑒 × 𝑇𝑗𝑗
𝑜 AASHTOWare BrM Formula

TP’jj = 0.5

1

T′jj=0.5

1

𝑓𝑒 ×𝑇𝑗𝑗
𝑜

CS1 CS2 CS3 CS4

CS1 TP’11 TP’12 0 0

CS2 0 TP’22 TP’23 0

CS3 0 0 TP’33 TP’34

CS4 0 0 0 1

Source: AASHTOWare BrM



VDOT Bridge Element Condition Data

• Element data collection started around 1995

• New AASHTO manual for bridge element inspection (October 2014)

• VDOT Switched from CoRe to NBE (early 2016)

• ADE (beam ends, wingwall, headwall, Link Slab, Slab extension, joint 

effectiveness, Thin Overlay, Rigid Overlay, Bearing PE, etc.)
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Data Preparation

Virginia Department of Transportation
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Data Preparation-Migration CoRe Element to AASHTO NBE

Virginia Department of Transportation

Source: Steven Chase and Matthew Reardon, University of Virginia 
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VDOT Deterioration Modeling Tool

BASE ELEMENT Not Protected PROTECTIVE ELEMENT # 1 Steel+Protective+Coating PROTECTIVE ELEMENT # 2 Steel+Protective+Coating

Transition Times  (Half Life Period) Transition Times  (Half Life Period) Transition Times  (Half Life Period)

TT TT TT TT TP* TT TT TT TT TP* TT TT TT TT TP* HI Threshold=

Used Observed BrM Expt Used Weights Used Observed BrM Expt Used Weights Used Observed BrM Expt Used Weights

CS1 to CS2 36.02 32.00 28.50 28.50 0.9809 CS1= 0.00 CS1 to CS2 8 0.00 24.00 24.00 0.9170 CS1= 0.00 CS1 to CS2 8.00 0.00 24.00 24.00 0.9170 CS1= 0.00

CS2 to CS3 80.14 10.00 19.47 19.47 0.9914 CS2= 0.10 CS2 to CS3 6 0.00 16.00 16.00 0.8909 CS2= 0.10 CS2 to CS3 6.00 0.00 16.00 16.00 0.8909 CS2= 0.00

CS3 to CS4 448.10 12.00 13.53 13.53 0.9985 CS3= 0.40 CS3 to CS4 4 0.00 10.00 10.00 0.8409 CS3= 0.40 CS3 to CS4 4.00 0.00 10.00 10.00 0.8409 CS3= 0.65

CS4= 1.00 CS4= 1.00 CS4= 1.00

TP* - updated for Environmental factor DI Threshold= 0.20 Used Observed BrM Expt DI Threshold= 0.30 Used Observed BrM Expt DI Threshold= 1.00

# of Years to Action= 88 years y1= 1 1 1 1 # of Years to Action= 14 years y1= 1 1 1 1 # of Years to Action= 72 years

BrM HI (@SL)= 0.5828 y2= 2/3 2/3 2/3 2/3 BrM HI (@SL)= 0.6007 y2= 2/3 2/3 2/3 2/3 BrM HI (@SL)= 0.0087

MHI (@SL)= 0.0157 y3= 1/3 1/3 1/3 1/3 MHI (@SL)= 0.0807  y3= 1/3 1/3 1/3 1/3 MHI (@SL)= 0.0108

y4= 0 0 0 0 y4= 0 0 0 0

Transition Probability Matrix Transition Probability Matrix Transition Probability Matrix

CS1 CS2 CS3 CS4 Used Observed BrM Expt CS1 CS2 CS3 CS4 Used Observed BrM Expt CS1 CS2 CS3 CS4 Used Observed BrM Expt

CS1 0.9809 0.0191 0 0 y1= 1 1 1 1 CS1 0.9170 0.0830 0 0 c1= 1 1 1 1 CS1 0.9170 0.0830 0 0 c1= 1 1 1 1

CS2 0 0.9914 0.0086 0 y2= 2/3 2/3 2/3 2/3 CS2 0 0.8909 0.1091 0 c2= 2/3 2/3 2/3 2/3 CS2 0 0.8909 0.1091 0 c2= 2/3 2/3 2/3 2/3

CS3 0 0 0.9985 0.0015 y3= 1/3 1/3 1/3 1/3 CS3 0 0 0.8409 0.1591 c3= 1/3 1/3 1/3 1/3 CS3 0 0 0.8409 0.1591 c3= 1/3 1/3 1/3 1/3

CS4 0 0 0 1.0000 y4= 0 0 0 0 CS4 0 0 0 1.0000 c4= 0 0 0 0 CS4 0 0 0 1.0000 c4= 0 0 0 0

Environmental Factor, fE_BE= 1.00 Weibull Shape Parameter β= 1.45 1.20 1.80 1.80 Environmental Factor, fE_PE1= 1.00 Protective Elements protection parameters Environmental Factor, fE_PE2= 1.00 Protective Elements protection parameters

Weibull Scale Parameter α= 46.3898 β= 1.00 0.00 1.80 1.80 ppe+ = 1.00 0.00 1.52 1.52 Full Protection β= 1.00 0.00 1.80 1.80 ppe+ = 1.00 0.00 1.52 1.52 Full Protection

α= 11.5416 ppe-= 1.00 0.00 1.00 1.00 No Protection α= 11.5416 ppe-= 1.00 0.00 1.00 1.00 No Protection

0.33

0

1.386

BrM Health Index Weights Protective Element Efficiency Coefficients Protective Element Efficiency Coefficients

Damage Index Damage Index Damage Index 

BrM Health Index Weights BrM Health Index Weights
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Data Preparation- Data extraction by SQL in Excel 

Virginia Department of Transportation
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Data Preparation

Virginia Department of Transportation
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Data Preparation- Logics for excluding records with previous actions 

Virginia Department of Transportation

Indicative of change in the 

condition of an element 

and record should be 

excluded.  
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VDOT tool for calculation of deterioration parameters 

Virginia Department of Transportation
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Application Set up 

Virginia Department of Transportation

BASE ELEMENT Not Protected

Transition Times  (Half Life Period)

TT TT TT TT TP*

Used Observed BrM Expt Used Weights

CS1 to CS2 36.02 32.00 28.50 28.50 0.9809 CS1= 0.00

CS2 to CS3 80.14 10.00 19.47 19.47 0.9914 CS2= 0.10

CS3 to CS4 448.10 12.00 13.53 13.53 0.9985 CS3= 0.40

CS4= 1.00

TP* - updated for Environmental factor DI Threshold= 0.20

#of Years to Action= 88 years

BrM HI (@SL)= 0.5828

MHI (@SL)= 0.0157

Transition Probability Matrix

CS1 CS2 CS3 CS4 Used Observed BrM Expt

CS1 0.9809 0.0191 0 0 y1= 1 1 1 1

CS2 0 0.9914 0.0086 0 y2= 2/3 2/3 2/3 2/3

CS3 0 0 0.9985 0.0015 y3= 1/3 1/3 1/3 1/3

CS4 0 0 0 1.0000 y4= 0 0 0 0

Environmental Factor, fE_BE= 1.00 Weibull Shape Parameter β= 1.45 1.30 1.80 1.80

Weibull Scale Parameter α= 46.3898

BrM Health Index Weights

Damage Index 

BrM BE

Desired Parameters as input 

for BrM

Genetic Algorithm in Excel 

Solver
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BASE ELEMENT Not Protected

Transition Times  (Half Life Period)

TT TT TT TT TP*

Used Observed BrM Expt Used Weights

CS1 to CS2 36.02 32.00 28.50 28.50 0.9809 CS1= 0.00

CS2 to CS3 80.14 10.00 19.47 19.47 0.9914 CS2= 0.10

CS3 to CS4 448.10 12.00 13.53 13.53 0.9985 CS3= 0.40

CS4= 1.00

TP* - updated for Environmental factor DI Threshold= 0.20

#of Years to Action= 88 years

BrM HI (@SL)= 0.5828

MHI (@SL)= 0.0157

Transition Probability Matrix

CS1 CS2 CS3 CS4 Used Observed BrM Expt

CS1 0.9809 0.0191 0 0 y1= 1 1 1 1

CS2 0 0.9914 0.0086 0 y2= 2/3 2/3 2/3 2/3

CS3 0 0 0.9985 0.0015 y3= 1/3 1/3 1/3 1/3

CS4 0 0 0 1.0000 y4= 0 0 0 0

Environmental Factor, fE_BE= 1.00 Weibull Shape Parameter β= 1.45 1.30 1.80 1.80

Weibull Scale Parameter α= 46.3898

BrM Health Index Weights

Damage Index 

BrM BE
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Protection Factor 

Virginia Department of Transportation

BASE ELEMENT Not Protected PROTECTIVE ELEMENT # 1 Steel+Protective+Coating

Protective Element Installation

Transition Times  (Half Life Period) Transition Times  (Half Life Period) Installment Year= 0 years

TT TT TT TT TP* TT TT TT TT TP*

Used Observed BrM Expt Used Weights Used Observed BrM Expt Used Weights CS1 CS2 CS3 CS4 Total

CS1 to CS2 36.02 32.00 28.50 28.50 0.9809 CS1= 0.00 CS1 to CS2 8 0.00 24.00 24.00 0.9170 CS1= 0.00 OriginCS1 100% 0% 0% 0% 100%

CS2 to CS3 80.14 10.00 19.47 19.47 0.9914 CS2= 0.10 CS2 to CS3 6 0.00 16.00 16.00 0.8909 CS2= 0.10 OriginCS2 0% 100% 0% 0% 100%

CS3 to CS4 448.10 12.00 13.53 13.53 0.9985 CS3= 0.40 CS3 to CS4 4 0.00 10.00 10.00 0.8409 CS3= 0.40 OriginCS3 0% 0% 100% 0% 100%

CS4= 1.00 CS4= 1.00 OriginCS4 0% 0% 0% 100% 100%

TP* - updated for Environmental factor DI Threshold= 0.20 Used Observed BrM Expt DI Threshold= 0.30

#of Years to Action= 88 years y1= 1 1 1 1 # of Years to Action= 14 years

BrM HI (@SL)= 0.5828 y2= 2/3 2/3 2/3 2/3 BrM HI (@SL)= 0.6007

MHI (@SL)= 0.0157 y3= 1/3 1/3 1/3 1/3 MHI (@SL)= 0.0807

y4= 0 0 0 0

Transition Probability Matrix Transition Probability Matrix

CS1 CS2 CS3 CS4 Used Observed BrM Expt CS1 CS2 CS3 CS4 Used Observed BrM Expt

CS1 0.9809 0.0191 0 0 y1= 1 1 1 1 CS1 0.9170 0.0830 0 0 c1= 1 1 1 1

CS2 0 0.9914 0.0086 0 y2= 2/3 2/3 2/3 2/3 CS2 0 0.8909 0.1091 0 c2= 2/3 2/3 2/3 2/3

CS3 0 0 0.9985 0.0015 y3= 1/3 1/3 1/3 1/3 CS3 0 0 0.8409 0.1591 c3= 1/3 1/3 1/3 1/3

CS4 0 0 0 1.0000 y4= 0 0 0 0 CS4 0 0 0 1.0000 c4= 0 0 0 0

Environmental Factor, fE_BE= 1.00 Weibull Shape Parameter β= 1.45 1.30 1.80 1.80 Environmental Factor, fE_PE1= 1.00 Protective Elements protection parameters

Weibull Scale Parameter α= 46.3898 β= 1.00 0.00 1.80 1.80 ppe+ = 1.00 1.00 1.52 1.52 Full Protection

α= 11.5416 ppe-= 1.00 1.00 1.00 1.00 No Protection

BrM Health Index Weights Protective Element Efficiency Coefficients

Damage Index Damage Index 

New CS after New Action to Base Element

BrM Health Index Weights

BrM BE

BrM PE1

Protection factor 
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Environment Factor 

Virginia Department of Transportation

Global Environment:
• ADT or ADTT

• Geographical location of a bridge 

• Humidity 

• Number of freezing days 

Local Environment: 
• Presence of joints 

• Expose to overspray 

• Tidal/brackish waters 
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Environment Factor 

Virginia Department of Transportation

BASE ELEMENT Not Protected

Transition Times  (Half Life Period)

TT TT TT TT TP*

Used Observed BrM Expt Used Weights

CS1 to CS2 36.02 32.00 28.50 28.50 0.9809 CS1= 0.00

CS2 to CS3 80.14 10.00 19.47 19.47 0.9914 CS2= 0.10

CS3 to CS4 448.10 12.00 13.53 13.53 0.9985 CS3= 0.40

CS4= 1.00

TP* - updated for Environmental factor DI Threshold= 0.20

#of Years to Action= 88 years

BrM HI (@SL)= 0.5828

MHI (@SL)= 0.0157

Transition Probability Matrix

CS1 CS2 CS3 CS4 Used Observed BrM Expt

CS1 0.9809 0.0191 0 0 y1= 1 1 1 1

CS2 0 0.9914 0.0086 0 y2= 2/3 2/3 2/3 2/3

CS3 0 0 0.9985 0.0015 y3= 1/3 1/3 1/3 1/3

CS4 0 0 0 1.0000 y4= 0 0 0 0

Environmental Factor, fE_BE= 1.00 Weibull Shape Parameter β= 1.45 1.30 1.80 1.80

Weibull Scale Parameter α= 46.3898

BrM Health Index Weights

Damage Index 

BrM BE



Enhance NBI conversion Profiles

• Validating GCRs

• Enhancing the accuracy of performance measures

Enhance Advanced Formula Module

• Identify Local and global environment 

• Enhance protection factor estimation
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Recommendations
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QUESTIONS?
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Thank you!
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Email:  massoud.nasrollahi@vdot.virginia.gov


