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TITLE (required): Significant Factors of Bridge Deterioration

TOPIC STATEMENT:

The proposed research expands on the recently established deterioration curves for Montana 
bridges based on the National Bridge Inventory (NBI) element data with condition state (CS) 
inspection ratings for bridge elements. Consistent with the experience of other departments of 
transportation, challenges associated with this database include the narrow rating scale of CS-1 
(good) through CS-4 (severe) and low percentage of bridge element areas rated as CS-2 through 
CS-4. The historical NBI component-level inspection data that uses ratings from zero to nine and 
other indicators (environment, traffic, and bridge type) will be investigated to improve the current 
deterioration curve prediction models. 

Historical NBI component-level data has been successfully used to improve the reliability of 
deterioration curves by Illinois, Texas, and North Carolina departments of transportation [1-3]. 
Texas and Utah have further refined their bridge deterioration curves by considering specific 
influencing factors such as maintenance and rehabilitation [4] and surface treatments [5]. South 
Carolina has concluded that overweight trucks cause exponentially increased damage for 
increasing truck weight [6]. These studies demonstrate the potential for improvement to 
deterioration curves by considering other contributing factors, however they do not represent the 
climate, construction, maintenance, or bridge management practices of MDT. 

The objectives of the research are to; 1) Identify significant factors affecting bridge deterioration in 
Montana.  2) Determine refinements, based on the identified significant factors, to the recently 
established deterioration curves from the Development of Deterioration Curves for Bridge 
Elements in Montana research project, and 3) Establish effective data collection, processing, and 
future research opportunities for improving the accuracy and consistency of Montana’s ability to 
forecast bridge deterioration.   

References 
1. Fu, G., Evaluation of Illinois Bridge Deterioration Models. 2021, Illinois Center for
Transportation.
2. Weissmann, J., A.J. Weissmann, and A.H. Montoya, Bridge and Culvert Deterioration Models
Using National Bridge Inventory Data. 2021, University of Texas at San Antonio. Dept. of Civil
and Environmental Engineering.
3. Cavalline, T.L., et al., Determination of bridge deterioration models and bridge user costs for
the NCDOT bridge management system. 2015.
4. Wang, F., C.-C.B. Lee, and N.G. Gharaibeh, Network-Level Bridge Deterioration Prediction
Models That Consider the Effect of Maintenance and Rehabilitation. Journal of Infrastructure
Systems, 2022. 28(1): p. 05021009.
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5. De Leon, J.T., Effects of surface treatments on National Bridge Inventory condition ratings for 
concrete bridge decks in Utah. 2018: Brigham Young University. 
6. Chowdhury, M., et al., Rate of deterioration of bridges and pavements as affected by trucks. 
2013, South Carolina. Dept. of Transportation.

RELATED RESEARCH SUMMARY FROM STAGE 1: 

The proposed research is in response to the Federal Highway program’s initiative to use state-based deterioration models 
to forecast bridge maintenance activity.  To address this initiative and to improve these models, significant factors 
affecting bridge deterioration will be identified and evaluated to quantify their influence on bridge deterioration across the 
five transportation districts of Montana. The objective of the research is to increase the confidence of deterioration 
prediction models by applying weighted factors to reflect different environments, traffic characteristics, and bridge types in 
Montana. A potential path for accomplishing this objective is to align historical NBI component-level inspection condition 
data with historic precipitation, freeze-thaw cycles, and NWS or Snotel data. In-depth historic record review of bridge 
maintenance and rehabilitation records for common bridge types also holds potential for discovering significant factors 
affecting bridge deterioration and the reduction or acceleration of deterioration common to common rehabilitation 
methods.  This research is a logical continuation of the Development of Deterioration Curves for Bridge Elements in 
Montana research that is currently underway and near completion. Specific factors anticipated to be significant to the 
deterioration of bridges in Montana may include, location-based environmental factors, type of steel reinforcement in 
concrete bridge decks, regional or historic construction practices, rehabilitation treatments, etc. Other factors may be 
identified and included, but the research will be generally limited to the most significant contributors of deterioration rate 
variation. The proposed research will support MDT's use of AASHTOWare BrM and will increase the accuracy and 
confidence of bridge deterioration forecasts, performance gaps, and funding needs.

RESEARCH PROPOSED: 

A literature review to supplement the preliminary search results referenced above will identify quantifiable factors used by 
other departments of transportation to improve the reliability of deterioration models. Environmental conditions 
(precipitation, freeze-thaw cycles, NWS Snotel data), de-icing practices, MT bridge rehabilitation records, and traffic 
characteristics (ADT, ADTT, overweight permits) are potential areas that will be investigated for the five transportation 
districts in Montana. The existing deterioration curves for these regions (developed from NBI element data) will be 
compared with deterioration trends using historical NBI component-level inspection data to identify relationships between 
inspection-data-derived trends and other contributing factors. Results of the research will be used to develop refined input 
parameters required for MDT’s bridge management software (BrM) or they will be used to adjust smaller subsets of bridge 
types or regions where improvements to the deterioration trends can be achieved.  

RESEARCH PERIOD (Time to complete research project.): 

two years

IT COMPONENT: Identify if the project includes an IT component (purchasing of IT hardware, development of 

databases, acquisition of existing applications, etc.). If so, describe IT component in as much detail as possible. 

FEASIBILITY, PROBABILITY OF SUCCESS, AND RISK: 

Identifying significant factors to improve the accuracy and reliability of the recently developed deterioration curves for 
Montana bridges has a high probability of success. The researchers are familiar with MDT’s inspection data and 
understand the need to include and sources available for improving deterioration models.
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URGENCY, IMPORTANCE, AND EXPECTED BENEFITS/PAY-OFF: Address urgency, timeliness, and importance 

of the research. Identify if the research is required for any federal or state initiative or compliance. This section 

must include a description of how this research will help to meet MDT’s mission (i.e., serve the public by 

providing a transportation system and services that emphasize quality, safety, cost effectiveness, economic 

vitality and/or sensitivity to the environment). 

The proposed research is important and timely because of the recently established deterioration curves for Montana’s 
bridge management software. The Department will benefit from more accurate data used to estimate future maintenance 
and rehabilitation activities.

IMPLEMENTABILITY, IMPLEMENTATION PLAN, AND RESPONSIBILITY: Address the implementability of the 

expected results from the proposed project. Identify products that will enhance implementation. Identify any 

known implementation barriers and how these barriers might be eliminated or reduced. Identify MDT office or 

entity outside of MDT responsible for implementation. Describe initial implementation plan, include timeframe for 

implementation.  

The proposed project will produce adjustment factors and/or refinements to the existing deterioration models used by 
MDT’s bridge management system. The implementation will be seamless, given researchers experience with and 
understanding of this software.

MDT PRIORITY FOCUS AREAS: MDT may, as often as annually, identify priority research focus areas. These 

focus areas will be listed on http://www.mdt.mt.gov/research/unique/solicit.shtml. 

TOTAL COST ESTIMATE (If the project proposal comes in at a higher cost, it may require further approval and 

may be delayed.): 

$100,000

MDT FUNDING SOURCE (If MDT Research, enter SPR): SPR

FUNDING MATCH SOURCE AND AMOUNT: 

FUNDING PARTNER(S): 

POTENTIAL TECHNICAL PANEL MEMBERS (At this time, individuals do not necessarily need to be identified; 

rather, MDT offices and outside entities can be named. However, if known, individuals may be named): 
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SUBMITTED BY: (required) 

NAME: Damon Fick

TITLE: Assistant Professor

AFFILIATION: Montana State University

ADDRESS: 205 Cobleigh Hall

PHONE NO.: 406-994-6123

E-MAIL: damon.fick@montana.edu

CHAMPION: Must be internal to MDT, feel strongly that the research will benefit the Department, and is 

willing to chair the technical panel. Note: If a champion is not identified by you or Research staff, this 

topic statement will not move forward. 

NAME: Andy Cullison

TITLE: Bridge Management Engineer

AFFILIATION: Montana Department of Transportation

ADDRESS: 2701 Prospect Avenue, Helena, MT 59620

PHONE NO.: 406-444-9221

E-MAIL: acullison@mt.gov

SPONSOR(S) (optional): Must be internal to MDT (Division Administrator or higher) and willing to ensure 

implementation occurs, as appropriate. If a sponsor is not identified by you or Research staff, this topic 

statement will not move forward. 

NAME: Dustin Rouse

TITLE: Chief Engineer

AFFILIATION: Montana Department of Transportation

ADDRESS: 2701 Prospect Avenue, Helena, MT 59620

PHONE NO.: 406-444-6005

E-MAIL: drouse@mt.gov


