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2 DATA ANALYSIS 

 

2.1 INTRODUCTION 

In the United States, condition ratings are used for standardized reporting of visual inspections of 

bridges. The Recording and Coding Guide for the Structure Inventory and Appraisal of the 

Nation’s Bridges provides instructions for coding of condition rating for bridge structure 

(USDOT 1995). In this system, bridge elements have rating on a scale of 0 (failed condition) to 9 

(excellent condition) and rate N assigned to not applicable cases. Table 2-1 shows the definition 

of condition ratings. Nebraska Department of Roads (NDOR) bridge inspection manual provides 

guidelines for inspection and condition rating of bridges (NDOR 2002b). The collected 

inspection data are updated using inspection software called Bridge Inspection System of 

Nebraska (BISON).  

Table 2-1: Description of condition rating of bridge elements 

State Description 

N NOT APPLICABLE 

9 EXCELLENT CONDITION 

8 VERY GOOD CONDITION - no problems noted. 

7 GOOD CONDITION - some minor problems. 

6 SATISFACTORY CONDITION 

5 FAIR CONDITION 

4 POOR CONDITION  

3 SERIOUS CONDITION 

2 CRITICAL CONDITION  

1 "IMMINENT" FAILURE CONDITION  

0 FAILED CONDITION  

 

There are 255 data items for bridges which categorized in three main data groups: Management 

items (BRI_MGT_ITEM), Inventory items (BRI_INV_ITEM), and Rating items 

(BRI_RAT_ITEM). There are 70 items for management, 106 for inventory and 79 items for 

rating item. Each item has specified number which has a specified definition in bridge inspection 

manual. For example, item BIR_INV_ITEM_029 represents average daily traffic and item 

BIR_RAT_ITEM_058 represents deck condition rating. Based on detailed discussions with 
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NDOR technical advisors committee (TAC), items shown in Table 2-2 have been selected for 

developing deterioration models. Description of each item will be explained in chapter 3. 

  

Table 2-2: List of items selected for developing deterioration models 

 
Data Item Item # 

  Average Daily Traffic (ADT)  29 

In
v
e
n

to
ry

 

% of Truck Traffic 109 

Deck Structure Type  107 

Material Type 43A 

Structure Type (Main) 43B 

Type of Wearing Surface 108A 

Deck Protection  108C 

Highway Agency District (Climatic Region)  2 

Functional Classification  26 

Year Built 27 

Year Reconstructed 106 

Structure Authority (Structure Number) 8 

  Type of Service on Bridge 42A 

R
a
ti

n
g

 

Inspection Date 90 

Deck Condition Rating 58 

Superstructure Condition Rating 59 

Substructure Condition Rating 60 

 

There are 15,568 bridges in the state of Nebraska according to the 2009 database of NDOR. 

Inspection data are available since year 1998 for each bridge. Extensive data filtering has been 

done on bridge inventory and inspection data for developing reliable and consistent deterioration 

models as presented in the following sections. 

 

2.2. DATA FILTERING 

In order to select reliable sets of data for developing deterioration models of bridge components, 

several filters have been applied to remove: 

 not applicable and blank data  

 duplicate data 

 bridges with unrecorded major maintenance actions 

 bridges with the same year built and year reconstructed 
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Each of these filters is described in more details in the following subsections. 

 

2.2.1. Not Applicable and Blank Data 

Data records with condition rating N “Not applicable” represent about 21% of all data according 

to 2010 inspection data. These records refer to culverts, which are not considered in this study.  

Tables 2-3 and 2-4 show the number of deck, superstructure and substructure components with 

different condition rating in years 1998 and 2010 respectively. Not applicable and blank data 

were removed from the database for developing deterioration models. 

Table 2-3: Number of bridge components at different condition ratings - year 1998 

Condition Rating  Deck Superstructure Substructure 

0 21 18 18 

1 4 5 5 

2 5 10 13 

3 85 170 279 

4 652 1012 1087 

5 3539 1644 1897 

6 1894 2198 2327 

7 2431 3208 3070 

8 2677 3004 2700 

9 1980 2044 1912 

N 2691 2666 2671 

Blank 58 58 58 

Total 16037 16037 16037 

 

Table 2-4: Number of bridge components at different condition ratings - year 2010 

Condition Rating  Deck Superstructure Substructure 

0 53 51 49 

1 2 4 7 

2 6 22 28 

3 68 153 329 

4 503 702 947 

5 3679 1731 1799 

6 1642 1784 1683 

7 1987 2593 2684 

8 3026 3263 3003 

9 1435 2140 1913 

N 3415 3373 3374 

Blank 0 0 0 

Total 15816 15816 15816 
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2.2.2. Duplicate Data 

There are few duplicate records in the database. These records were removed for developing 

deterioration models. Table 2-5 shows the number of duplicate records in each inspection year 

from 1998 to 2010. 

 

Table 2-5: Number of duplicate records in each inspection year 

 

 

2.2.3. Bridges with Unrecorded Major Maintenance Actions 

Some bridges have undergone major maintenance actions that were not recorded in the year 

reconstructed, which results in erroneous data points in the condition versus age plots (outliers).  

In the absence of maintenance history, the age of bridge components is calculated based on year 

built while the condition corresponds to the condition of a relatively new component. Figures 2-

1, 2-2 and 2-3 show the age of deck, superstructure and substructure in bridges versus condition 

rating at year 2010.  

 

 

Figure 2-1: Age versus condition rating for bridge deck at year 2010 
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Figure 2-2: Age versus condition rating for bridge superstructure at year 2010 

 

 

Figure 2-3: Age versus condition rating for bridge substructure at year 2010 

 

 

0

1

2

3

4

5

6

7

8

9

0 10 20 30 40 50 60 70 80 90 100

C
o

n
d

it
io

n
 R

a
ti

n
g

 

Age (year) 

Bridge Superstructure (59) - year 2010 

0

1

2

3

4

5

6

7

8

9

0 10 20 30 40 50 60 70 80 90 100

C
o

n
d

it
io

n
 R

a
ti

n
g

 

Age (year) 

Bridge Substructure (60) - year 2010 



22 
 

Graphical representation of the data revealed that few data points with age less than 10 years and 

condition ratings of 4, 5 or 6 as well as data points with age 40 years or older and condition 

ratings of 9, 8, and 7. These data points are considered outliers. In order to partially address this 

issue, a limit on the maximum and minimum number age for each condition rating was imposed 

as follows: 

 Condition rating 9  age reconstructed less than 0 and more than 30 years 

 Condition rating 8  age reconstructed less than 0 and more than 40 years 

 Condition rating 7  age reconstructed less than 0 and more than 50 years 

 Condition rating 6  age reconstructed less than 10 and more than 60 years 

 Condition rating 5  age reconstructed less than 20 and more than 70 years 

 Condition rating 4  age reconstructed less than 30 and more than 80 years 

 

2.2.4. Bridges with Same Year Built and Year Reconstructed 

There are approximately 223 bridges that have same year of built and year reconstructed. They 

are all planned bridges and none of them is a real bridge. Filters were applied to identify such 

bridges. Inspection data corresponding to these bridges were removed from the database. 

 

2.3. ANALYSIS PROCEDURE 

To analyze bridge data, records from NDOR database were imported to Microsoft Excel. 

Records with not applicable and blank data, duplicate data, and same year built and year 

reconstructed were removed. Age built and age reconstructed of the bridges were calculated by 

subtracting year built (BIR_INV_ITEM027) and (BIR_RAT_ITEM090) year reconstructed 

(BIR_INV_ITEM106) from year of inspection (BIR_RAT_ITEM090) respectively. A limit on 

maximum and minimum age at each condition rating was imposed as mentioned in section 2.2.3. 

Step by step procedure for developing deterioration models for deck, superstructure and 

substructure will be explained in chapters 4 and 5. 
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3 CLASSIFICATION PARAMETERS 

 

3.1 INTRODUCTION 

Deterioration of bridge elements depend on several parameters related to bridge design, 

construction, geographical location and environment, and traffic volume, Therefore, it is 

important to classify bridges based on the values of these parameters so that homogenous and 

consistent data can be used in developing deterioration models with adequate accuracy. To 

achieve this goal, filtered data records are classified based on the following parameters that are 

discussed in more detail in the following subsections: 

 Highway agency district 

 Material type 

 Structure type  

 Deck structure type  

 Functional classification  

 Structure Authority 

 Type of Service on bridges 

 Type of deck wearing surface  

 Deck protection  

 Average daily traffic (ADT) 

 Average daily truck traffic (ADTT) 

 

3.2 HIGHWAY AGENCY DISTRICT 

The highway agency district represents the district in which the bridge is located. There are eight 

districts in the state of Nebraska. These districts are described in item BIR_INV_RT_002B of the 

National Bridge Inventory (NBI) database. Figure 3-1 shows the district map of the state of 

Nebraska. Distribution of bridges in each district is shown in Figure 3-2 according to 2009 data. 

This figure clearly shows that districts 1, 3 and 4 have the highest numbers of bridges. 
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Figure 3-1: District map for state of Nebraska 

 

 

Figure 3-2: Distribution of bridges in each district – year 2009 

 

3.3 MATERIAL TYPE 

There are different types of materials used in bridge superstructure. Material type is presented in 

item BIR_INV_ITEM43A using a number from 0 to 9 as shown in Table 3-1. The table also 

shows the percentage of each material type in a descending order according to 2009 data. Figure 

3-3 shows the percentages of using steel, reinforced concrete, prestressed concrete and wood in 

bridge superstructure. Post-tensioned concrete is coded as prestressed concrete. Figure 3-4 shows 

the type of support for bridge superstructure. This figure clearly indicates that most of bridges 

are simply supported. 
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Table 3-1: Distribution of material type in bridge superstructure - year 2009 

Material Type (43A) Frequency Percentage  

3- Steel 6995 45% 

1- Concrete 3913 25% 

7- Wood or Timber 1287 8% 

5- Prestressed Concrete 1345 9% 

2- Concrete Continuous 1250 8% 

4- Steel Continuous 660 4% 

6- Prestressed Concrete Continuous 110 1% 

9- Aluminum, Wrought Iron, or Cast Iron 3 0% 

0- Other 2 0% 

8- Masonry 2 0% 

Total 15568 100% 

 

Figure 3-3: Distribution of material type in bridge superstructure – year 2009 

 

Figure 3-4: Type of superstructure support– year 2009 
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3.4 STRUCTURE TYPE 

Type of structure represents the structural system of the bridge and is presented in item 

BIR_INV_ITEM43B. Type of structures has a numbers from 00 to 22 as described in Table 3-2 

along with the percentages of structure type in descending order according to 2009 data. 

 

Table 3-2: Distribution of structure type - year 2009 

Structure Type (43B) Frequency Percentage  

02- Stringer/Multi-Beam or Girder 8559 55% 

19- Culvert 3232 21% 

01- Slab 1458 9% 

10- Truss-Thru 887 6% 

04- Tee Beam 686 4% 

03- Girder and Floor Beam System 484 3% 

05- Box Beam or Girders - Multiple 34 0% 

11- Arch - Deck 52 0% 

22- Channel Beam 131 1% 

07- Frame 17 0% 

18- Tunnel 4 0% 

09- Truss - Deck 3 0% 

00- Other 9 0% 

21- Segmental Box Girder 2 0% 

06- Box Beam or Girders - Single or Spread 3 0% 

12- Arch - Thru 3 0% 

13- Suspension 1 0% 

8- Orthotropic 0 0% 

14- Stayed Girder 0 0% 

15- Movable-Lift 0 0% 

16- Movable-Bascule 0 0% 

17- Movable-Swing 0 0% 

20- Mixed Types 0 0% 

Total 15568 100% 
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As shown in Table 3-2, stringer/multi-beam or girder has a highest percentage among all 

structure types. Culverts have are the second, but they have been removed from the database as 

deterioration models are being developed for bridges only. Figures 3-5 and 3-6 show the 

percentage of different structure types with and without culverts respectively. 

 

 

Figure 3-5: Distribution of structure type in highway structures (with culverts) – year 2009 

 

 

Figure 3-6: Distribution of structures type in highway structures (without culverts) – year 2009 
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2009 data. Figure 3-7 presents the distribution of deck structures type in bridges excluding 

culverts.  

 

Table 3-3: Distribution of deck structure type - year 2009 

Deck Structure Type (107) Frequency Percentage  

1- Concrete Cast-in-Place 7824 50% 

8- Timber 2619 17% 

N- Not Applicable 3243 21% 

9- Other 1067 7% 

2- Concrete Precast Panels 514 3% 

6- Corrugated Steel 259 2% 

7- Aluminum 13 0% 

5- Steel Plate 16 0% 

3- Open Grating 11 0% 

4- Closed Grating 0 0% 

Total 15568 100% 

 

Figure 3-7: Distribution of deck structure type – year 2009 
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and 19. Description of each code with their percentage of bridges according to 2009 data is listed 

in Table 3-4.  Figures 3-8 and 3-9 show the distribution of bridge functional classification and 

whether it is located in rural or urban areas respectively. 

  

Table 3-4: Functional classification of bridges - year 2009 

Functional Classification (26) Frequency Percentage  

09- Rural – Local 8733 56% 

07- Rural - Major Collector 2377 15% 

06- Rural - Minor Arterial 1291 8% 

08- Rural - Minor Collector 1221 8% 

02- Rural - Principal Arterial – Other 883 6% 

14- Urban - Other Principal Arterial 262 2% 

01- Rural - Principal Arterial – Interstate 217 1% 

16- Urban - Minor Arterial 164 1% 

19- Urban – Local 147 1% 

11- Urban - Principal Arterial – Interstate 118 1% 

17- Urban – Collector 101 1% 

12- Urban - Principal Arterial Other Freeway or Expressway 54 0% 

Total 15568 100% 

 

Figure 3-8: Functional classification of bridges – year 2009 
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Figure 3-9: Distribution of bridges in rural and urban areas – year 2009 
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means urban structure, “M” means municipal structure and “F” means federal structure. Table 3-

5 presents the number and percentage of different structure authorities in the state of Nebraska 

according to 2009 data. Figure 3-10 shows that city/county structures have the highest 

percentage of bridges, followed by state structures. State bridges have more reliable condition 

data than those of other bridges due to the more strict inspection requirements and procedures 

adopted by state inspectors. Therefore, deterioration models are developed for state bridges.  

 

Table 3-5: Structure authority - year 2009 

Structure Authority (8) Frequency Percentage  

City/County Structure 11326 72.8% 

State Structure 3549 22.8% 

Urban Structure 467 3.0% 

Municipal Structure 171 1.1% 

Federal Structure 55 0.4% 

Total 15568 100% 
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Figure 3-10: Structure authority of bridges – year 2009 
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BRI_INV_ITEM42A is assigned to type of service on bridge. Table 3-6 shows the description of 

different types of service on bridges. Figure 3-11 illustrates the distribution of type of service 

according to 2009 data. Results show that highway bridges represent 96% of all bridges. 

 

Table 3-6: Type of service on bridges - year 2009 

Type of Service on (42A) Frequency Percentage  

1- Highway 14984 96.2% 

6- Overpass Structure at an Interchange or Second Level of 

a Multilevel Interchange 

222 1.4% 

5- Highway - Pedestrian 189 1.2% 

2- Railroad 115 0.7% 

3- Pedestrian/Bicycle 49 0.3% 

0- Other 3 0.0% 

7- Third Level Interchange 3 0.0% 

4- Highway - Railroad 2 0.0% 

9- Building or Plaza 1 0.0% 

8- Fourth Level Interchange 0 0.0% 
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decks have epoxy coated reinforcing.  

 

 

Figure 4-60: Deck with epoxy coated reinforcing and without protection (with black rebar) in 

state bridges – year 2010 

 

Figures 4-61 and 4-62 are plotted age reconstruction versus condition rating for decks with ECR 

and BR at year 2010. These figure show that age reconstruction for decks with ECR is different 

than those decks with BR. For better comparison, Histogram of age reconstruction for decks with 

ECR and BR in state bridges was developed as shown in Figure 4-66. This figure clearly shows 

that decks with ECR have age reconstruction between 5 to 25 years. However decks with BR 

have age reconstruction between 35 to 55 years which is completely different than deck with BR. 

Thus developing deterioration curves for ECR and BR decks with different age reconstruction is 

not realistic and it needs to be investigated with probabilistic method. Comparison between deck 

with ECR and BR using Markov approach will be presented in next chapter.   

 

Black Rebar 

29% 

Epoxy Coated 

71% 

State Bridges - Concrete deck (1688 bridges)- year 2010 











81 
 

 

Figure 4-69: Transition period of prestressed concrete superstructure in state bridges 
 

 

Figure 4-70: Transition period of steel superstructure in state bridges 

 

For better comparison, average transition period for all data since 1998 to 2010 is plotted in 
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