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Introduction 

In early 2014, Iowa was approached by Infrastructure Data Solutions, Inc. (IDS) with a proposal 

to perform deterioration modelling and project forecasting with a new software system they 

were developing. Because of the need for assessing bridge performance and future needs as 

part of Iowa’s ongoing asset management planning, it was a perfect opportunity to see what 

this software could do.  

Project Initiation 

This project was a good opportunity for Iowa to take a look at how decisions are made when 

determining what bridge projects are programmed. Many factors had to be considered. There 

were three main aspects of the modelling process that needed to be addressed.  

1. Deterioration factors that most likely influence the deterioration rate of Iowa’s 

bridges. 

2. Criticality or “risk” factors that would be used to determine relative importance or 

impact of failure of a particular bridge. 

3. Preservation methods commonly used in Iowa along with estimated costs and 

impact on improvement. 

One of the first steps was to break the bridge inventory into uniform groups of bridges that 

were determined to have similar deterioration characteristics. Thirteen different groups of 

bridges were identified. 

1. Continuous steel girders on the mainline of an Interstate highway. 

2. Prestressed girders on the mainline of an Interstate highway. 

3. Continuous steel girders crossing an Interstate highway 

4. Prestressed girders crossing an Interstate highway. 

5. Continuous slabs on the mainline of an Interstate highway. 

6. Simple span steel girders on any highway at any service level. 

7. Continuous steel girders on Non-Interstate highways. 

8. Prestressed girders on Non-Interstate highways. 
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9. Simple span slabs on any highway at any service level. 

10. Continuous slabs on Non-Interstate highways. 

11. Fracture Critical steel girders on any highway at any service level. 

12. Continuous or simple span steel girders on a Secondary highway crossing a state 

highway. 

13. Prestressed girders on a Secondary highway crossing a state highway. 

The second step in the modelling process was to identify physical and operational factors that 

would influence deterioration. Nine factors were determined to have some influence on a 

bridges deterioration that were part of the National Bridge Inventory (NBI) data. Iowa has done 

other research into the factors that may influence deterioration and have found these nine 

factors to be the most significant: 

1. Age 

2. ADT 

3. ADTT 

4. Length of maximum span 

5. Number of Lanes on bridge 

6. Deck Protection (wearing surface) 

7. Deck Protection (Reinforcing Steel) 

8. Design Load 

9. Skew angle 

The third step was to identify the factors that involve risk and what importance each factor has 

on the criticality of bridges operation. Five factors were identified and weighted for importance. 

Each factor was also given a criticality index. A criticality index of 1 indicates insignificant 

impact, 2 indicates moderate impact, and 3 indicates severe impact. 

Criticality Factor Weight % Criticality Index 

Highway System 25% Non-NHS = 1, NHS = 3  

 
Functional Class 

 
30% 

Rural Minor Arterial/Collector/ Local = 1, Urban 
Collector/Local/Rural Arterial = 2, Urban Arterial 
=3 

 
Detour Length 

 
15% 

<=10 miles = 1,  
10-30 miles = 2,  
>30 miles =3 

 
 
Type of Service Under Bridge 

 
 

5% 

Waterway = 1, 
Pedestrian/Railroad/Railroad-Waterway=2, 
Highway/Highway-RR/Highway-
Waterway/Highway-Waterway-RR = 3 
 

 
ADT 

 
25% 

<4000 = 1, 
4000-10,000 = 2 
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>10,000 = 3 

 

The Criticality Index is used to determine the urgency of intervention for a specific element. The 

NBI condition rating for an element is factored into the calculation to determine a Risk Index. 

The Risk Index will influence the priority of the work needed. 

The last step was to determine feasible actions that Iowa would normally take to replace, 

repair, or rehabilitate a bridge. Several criteria had to be developed for each feasible action.  Six 

different preservation methods were identified with sixteen different scenarios that would lead 

to each preservation method. The deck was the simplest element to develop scenarios for 

repair, rehab, or replacement. The NBI data does not give sufficient detain to make repair or 

rehab decisions on the superstructure or substructure of a bridge. Judgements had to be made 

as to what would normally be repaired during a bridge deck repair or rehab project. No 

preservation methods specifically targeting the superstructure or substructure were identified. 

During a deck overlay project, it was assumed that the superstructure or substructure would 

have minor repairs done if the condition ratings were below a given threshold with a limit on 

the improvement in condition rating. The same was assumed for a deck replacement project, 

with the thought that major repairs would be performed on the superstructure or substructure 

during this type of project. 

Phase 2 of this project incorporated Iowa’s Bridge Condition Index (BCI) as a prioritization tool. 

The BCI was used to map condition, criticality, and risk. The BCI has four components that are 

used together and individually to make programing decisions.  

Risk = f (Condition Index, Criticality Index) 

Condition Index = S1 = f (Deck, Superstructure, Substructure, Inventory Rating) 

Criticality Index = S2+S3-S4 = f (Geometrics, Essentiality for public, Vulnerability) 

Geometrics = S2 = f (Under-clearance, Waterway adequacy, Lane width) 

Essentiality for public = S3 = f (Detour length, ADT, Highway system) 

Vulnerability = S4 = f (Fracture critical/Fatigue vulnerable, Channel protection) 

Budget Scenarios 

There were three obvious budget scenarios that needed to be investigated. The first was a “Do 

Nothing” scenario. With a “Do Nothing” scenario, you can see what the impact of every other 

budget has on the condition of the inventory. The second scenario is to use the current funding 

level. This is important information to have when developing performance measures and 

requesting funding changes for future programs. The third scenario is the allow the program to 

use an unlimited budget. 
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The cost estimate for each project type was based on the deck area. Historic cost data was used 

to determine an average cost per square foot of deck area. Although there are many mitigating 

factors that affect the cost of a project, the overall program cost and specific bridges identified 

for any given year are the ultimate goals of this modelling process, not the individual cost 

estimates. It is assumed that for every bridge that has an estimated cost that is higher than 

what would actually be programmed, there is a bridge that is under estimated. 

The unlimited budget needs to have a target condition level for the bridge inventory. Iowa’s 

condition level is based on the Bridge Condition Index developed by the Bridge Office to better 

categorize each bridges individual condition. The target condition level used for the twenty-

year program was 75% of the maximum condition level. This target condition level was based 

on past history of the bridge inventory.  

The budget scenarios were each limited to spending a maximum percentage on each 

maintenance method. Replacement was given the highest percentage of the budget. This didn’t 

mean the program always spent the maximum on each maintenance method. The percentage 

spent on replacements was adjusted in several scenarios to see if there was an optimum value 

that would lead to the highest condition level. For Iowa’s inventory, the optimum percentage 

for replacements is approximately 75%.  

Iowa’s current budget for maintenance of the existing bridge inventory is approximately $70 

million per year. Once the long term condition of the inventory was assessed over a twenty-

year programing horizon at the current funding level and the unlimited level, new budget 

scenarios could be developed and investigated.  

Early in the program scenario investigation, it was found that there were projects for large 

bridges that were overwhelming the budget. With a $70 million annual budget, it didn’t take 

very many projects with estimated costs over $5 million to eat up all the replacement money. 

All funding scenarios were broken up into two funding pots. All projects over $5 million were 

separated into a funding pot that was either limited to $120 million per year or was unlimited.  

Four other funding scenarios were investigated.  

1. $100 million per year for 20 years 

2. $100-$120-$140-$160 million stepped up by $20 million every 5 years 

3. $100 million minimum annually with a $250 million maximum annually with $120 

million limit on projects over $5 million 

4. $100 million minimum annually with a $250 million maximum annually with no limit 

on projects over $5 million 

The budgets were also limited as to the percentage that could be spent on replacements. Each 

budget was limited to 40%, 60%, 75% or no limit on replacements.  
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Outcome 

The IDS software has shown that it can do a good job predicting the needs of Iowa’s bridge 

inventory. Comparisons to the IDS output and current programming shows a good correlation 

between the projects programmed and the predicted needs. Comparisons were also done of 

the proposed projects in Iowa’s backlog list. The backlog also compared very well to the IDS 

program.  

With the scenarios that have been generated, Iowa will be able to show management and our 

transportation commission how the condition of the inventory is affected by differing funding 

levels so they can make informed decisions about future programs. Figures 1 and 2 show some 

of the tools available in the NBI Optimizer portal. The portal functions can compare scenarios to 

determine optimal condition results of the varied programming budgets. NBI data can be 

reviewed to track historic values of the entire inventory or individual bridges.  

 

 

 

 

Figure 1. Example results of the scenarios trade-off analysis used to develop 20-year optimal 

bridge improvement program for Iowa state-owned bridges 
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Figure 2. Example of scenarios analysis to assess impact of funding levels on system condition 

and risk metrics.  


