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1. Introduction 

While transportation systems serve most of the nations’ population, ASCE [1] points out 
that 7.5% of the bridges in the U.S. are structurally deficient. In absolute terms, this means 
that roughly 46,000 bridges in the U.S. need constant attention and/or repairs. This 
number is only expected to grow in the coming years, as our nation’s infrastructure 
continues to age and deteriorate. New England is home to 10,155 steel bridges, 7,344 of 
which are labelled as “Fair” or “Poor” via the InfoBridge database [46]. 

When considering steel bridges, corrosion represents a major source of deterioration 
particularly in coastal regions or in areas where de-icing chemicals are used and may 
result in the loss of serviceability of affected bridges. Corrosion can occur anywhere on 
the steel bridge beams, but the area of interest for this study is the beam end. Beam ends 
are critical to the structural system, as damage to them significantly reduces the capacity 
of the whole beam. In extreme cases, corrosion can lead to the failure or closing of a 
bridge. For this reason, determining an estimate of remaining capacity via laboratory tests 
of the beams and structural system is a crucial task. Conducting these tests ultimately help 
us understand and assure the safety of other bridge systems. Additionally, corrosion can 
often cause irregular patterns, thus causing more challenges in the construction of models 
that predict the remaining capacity of damaged beams ([2]-[45],[54],[55],[57],[58]). 

Corrosion is a pressing issue for steel bridges in the New England region specifically. 
With harsh precipitation and winter temperatures, chemical use is necessary for de-icing 
roads and bridge structures. As a result of this process, inspectors have been observing 
increasing corrosion due to de-icing chemicals and water. This project aims to develop 
tools which can more accurately estimate the remaining capacity of corroded beams in 
the New England region than those currently available to engineers. To achieve this, the 
project was divided into six tasks, summarized in Table 1: 

Table 1: Project tasks 

Task # Description of work 

Task 1 Identify common unstiffened beam-end corrosion topologies 

Task 2 Review of existing structures 

Task 3 Laboratory testing 

Task 4 Calculate and validate/update the new load rating procedures 

Task 5 Draft final report, Technology Transfer tool box 

Task 6 Final report 

 

This report exclusively covers tasks one through four and stands as the final task (Task 
6) in this project. In general, the first task was to collect and compile the inspection reports 
information provided by state Departments of Transportation (DOTs) of the New England 
region. Using this data, the most common shapes and locations of corrosion were 
identified in bridge beam ends. This allowed the research team to select bridge candidates 
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with beam specimens of interest to be delivered and tested at the University of 
Massachusetts Amherst. Upon arrival, these specimens were measured, classified on 
testability, and inventoried. A total of fifty-two beams were received from five of the six 
New England States. Of the beams received, twelve beams were tested as a part of this 
project. Beam specimens were then measured and scanned to evaluate section loss and 
for input data for Finite Element Simulation via the research team’s protocol. Following 
damage evaluation, the specimens were experimentally tested for their remaining 
capacity. Finally, the capacities of the corroded ends were estimated using each state’s 
load rating procedures which allowed the research team to make recommendations and 
update or validate current procedures. 
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2. Inspection Report Data Collection 

The database available for this project was provided all state DOTs from the New England 
region. As each state has its own method of reporting data, the specific inspection report 
processes of each state are discussed in the following section. It is important to note in 
this data collection process that the project focuses on the corrosion of beam ends whose 
bridge superstructures National Bridge Inventory (NBI) ratings were less than or equal to 
5. 

2.1.1.  Format of data received from the Connecticut Department of 
Transportation (CTDOT) Inspection reports 

According to the CTDOT Bridge Manual [23], there are two types of inspection reports 
for bridge structures in the State of Connecticut: (i) Routine inspections and (ii) In-depth 
inspections. Routine inspections are conducted on a biennial basis and aim to identify 
critical problems or deficiencies so corrections can be made before the structure presents 
hazards to the public.  

For this project, only routine inspections were provided and considered to evaluate 
corrosion patterns and damage in the bridge beams. Figure 1 depicts an example of a 
report from CTDOT. 

 

Figure 1: Sample of report provided by CTDOT 
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Routine inspection reports, in general, are divided into the 11 following sections: 

1. Report cover 
2. Table of contents 
3. Report title page 
4. Location map 
5. Structure inventory and appraisal (BRI-19) 
6. Inventory routes under structure (BRI-25) 
7. Inspection Data (BRI-18) 
8. National bridge elements 
9. Fracture critical data (BRI-12) 
10. Sketches 
11. Pictures 

The first three sections present general information about the report and the bridge 
structure (e.g., identification number, date of report, company responsible for the 
inspection report). The “Location map” section describes the bridge location, including 
its latitude and longitude. The “Structure inventory and appraisal (BRI-19)” section 
presents a summary of the NBI ratings, which are imperative to scope of this work. The 
section “Inventory routes under structure (BRI-25)” summarizes information about the 
route under the bridge. It is important to note that in case the structure is above water, this 
section is not considered or presented in the inspection report. 

The section “Inspection data (BRI-18)" denotes specific details and data from the field 
inspection. This section is of major interest to the project because many reports include 
comments about the condition of the structure, field measurements, bridge component 
conditions, and often the corresponding NBI ratings. 

The table depicted in section “National bridge elements” is required by Federal Highway 
Administration (FHWA) [24]. For this reason, all reports present a similar table. Such a 
table summarizes the condition of several components of the bridge. 

The section “Fracture critical data (BRI-12)” aims to report all fractures encountered in 
the bridge. Finally, the sections “Sketches” and “Pictures” report visual information, 
which complements the notes presented in the “Inspection data” section. It is worthwhile 
pointing out that all pictures are labeled. Often, inspection notes reference pictures so a 
reader or inspector can fully understand what is being described in the notes. 

Much of the corrosion information gathered to meet the goals of this task was found by 
compiling the notes of inspection data, sketches, and the pictures. Figure 2 below depicts 
a corrosion scenario described by a sketch and by a photograph presented in an inspection 
report from the State of Connecticut.  
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Figure 2: Sketch (Left) and Photography (Right) of corrosion damage 

2.1.2.  Format of data received from the Maine Department of Transportation 
(MaineDOT) Inspection reports 

Similarly to the State of Connecticut, there are four types of reports collected from the 
State of Maine (MaineDOT): (i) Routine inspections, (ii) Special inspections, (iii) 
Underwater inspections, and (iv) Fracture critical inspections. The routine inspections are 
conducted on a regular basis, special inspections are conducted on demand, and 
underwater inspections are often conducted on a 60-month cycle.  Fracture critical 
inspections are conducted on a 24-month cycle. 

The inspection reports from MaineDOT are, in general, organized into the following five 
sections: 

1. Report cover 
2. National bridge inventory 
3. Inspection notes report 
4. Element inspection 
5. Photos 

The “report cover” provides general information about the bridge structure and the report. 
For instance, name and ID of the bridge, as well as the type of inspection can be found in 
this section. In the section “National bridge inventory”, shown in Figure 3, the report 
summarizes the NBI ratings for several items of the bridge. These ratings are of interest 
to the evaluation of corrosion patterns and severity of damage. 

The section “Element inspection” consists of a table which summarizes the condition of 
several components of the bridge and is required by FHWA. The “Inspection notes 
report” section provides comments and field measurements based on the inspection. 
Lastly, the section “Photos” depicts several photographic records of the bridge under 
inspection.  

Unfortunately, not all reports include field measurements. This can cause difficulty in the 
assessment of the impact caused by corrosion. Additionally, the photographs documented 
include labels but are not referenced in the field notes, which poses a challenge in 
identifying each part of the structure.  
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With the goal of increasing the available corrosion damage data for the project, the load 
ratings were provided by the MaineDOT. Via the load rating data, more information about 
corrosion is provided and were ultimately used to determine the beam type of each bridge. 
It was feasible to estimate the section loss in bridge beams by compiling information from 
the documents provided by MaineDOT. 
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Figure 3: Sample of report provided by MaineDOT 
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2.1.3. Format of data received from the Massachusetts Department of 
Transportation (MassDOT) Inspection reports 

The inspection reports from MassDOT can be subdivided in twelve types and the 
information is taken from the MassDOT Bridge Inspection Handbook [48]: 

i. Routine: This report aims to provide information on the overall condition of 
the bridge. 

ii. Special member: This report provides information regarding a specific 
element of the bridge. 

iii. Combination of routine and special member: This report culminates 
information on the overall condition of the bridge and specific elements. 

iv. Closed/Rehabilitation: This report has a primary focused on the traffic safety 
of a closed bridge.  

v. Other: This report primarily focuses on documenting special events (for 
example floods or repairs). 

vi. Underwater: This report documents the conditions of the bed of the water 
feature and the bridge structure. This report type has three types of its own: 
routine, special member, low clearance  

vii. Freeze-Thaw: This report documents the conditions of the exposed concrete 
viii. Fracture Critical: This report documents fracture critical members and 

elements of the structure and their condition 
ix. Initial Inspection: This report is to document after a structure is built or 

rehabilitated or being added to the bridge inventory. It includes the 
inspection of elements and records the “as-built” structure. 

x. Damage Inspection: This report documents the structure after an incident to 
inspect, record the resulting damage, and how it may impact other parts of 
the structure 

xi. Divers Activity Report: Provides observations and remarks on the structure 
underwater and what was conducted in the dive/inspection 

xii. Element Level Inspection: This report is of the bridge elements in the 
structure (National Bridge Elements, Bridge Management Elements, Agency 
Developed Elements) 

Although the reports from MassDOT are not formally divided into different sections, each 
inspection report follows the same structure: 

1. NBI Ratings 
2. Inspection notes 
3. Photos 
4. National Bridge Element inspection 

The first section, “NBI ratings” displays the ratings of several NBI items and general 
information about the bridge. This includes but is not limited to the structure’s name, 
location, structural system, and deck type. Figure 5 depicts the first page of a MassDOT 
bridge inspection report. 

The “inspection notes” section consists of written information about the elements of the 
bridge structure. Often, imperative information and measurements, such as corrosion 
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data, can be found in this section. Additionally, this section contains details regarding 
bridge elements and defects that were detected during the inspection. 

The “Photos” section contains several pictures from the bridge inspection, which often 
include a detailed description. Additionally, the inspection notes reference the 
photographs often, aiming to illustrate what is being described by text. The combination 
of sketches, photos and inspection notes represent the major source of corrosion data. 
Figure 4 depicts an example of a sketch and a picture illustrating corrosion damage taken 
from the records of MassDOT. 

Finally, the last section, “National Bridge Element inspection”, presents the table 
requested by FHWA [24]. 

 

Figure 4 : The same beam, as was described by sketch (left) and by photograph (right). 
Adopted from W46010-3RY-DOT-NBI (district  5, City of Wrentham) 
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Figure 5: Sample of report provided by MassDOT 
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2.1.4.  Format of data received from New Hampshire Department of 
Transportation (NHDOT) Inspection reports 

The NHDOT Bridge Inspection Manual [25] divides their inspections and reports into 7 
types: 

i. Routine inspections (Regular inspection or National Bridge Inspection 
Standards, NBIS, inspection): Conducted to compare the current condition 
of the bridge with the previously documented condition. 

ii. Inventory inspections: Consists of the first inspection performed on the 
bridge. It aims to collect information regarding size, location, structural and 
functional conditions. 

iii. In-Depth inspections: Provides detailed reports, using hands-on techniques. 
In-depth reports can be requested for specific parts of the structure. 

iv. Fracture Critical Member inspections: Utilizes hands-on techniques with 
non-destructive tests to provide detailed reports regarding fracture critical 
members. 

v. Special inspections: Used to evaluate load posted bridges, inspect bridges 
that are out of service, monitor suspected or known deficiencies, or assess 
bridge or bridge members following a natural or manmade emergency. 

vi. Underwater (Diving) inspections: Utilized to determine the condition of the 
portions of the bridge which cannot be inspected visually.  

vii. Damage inspections: Aims to check whether the bridge is safe to remain 
open after damaged was caused by environmental effects and/or human 
actions. 

Although there are no formal sections in the reports from NHDOT, all the reports have 
the same layout with 5 sections as follows: 

1. Report cover 
2. Element details 
3. Bridge and inspection notes 
4. Inspection history 

The section “report cover” comprises two pages and contain all the general information 
about the bridge. All information pertaining to identification (for instance, NBI number 
of the bridge), the NBI condition of elements, dimensions and structure type can be found 
in this section. Figure 6 depicts an excerpt of a report cover from NHDOT. 
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Figure 6: Sample of report provided by NHDOT 

The “element details” section contains a table where the elements of the bridge are 
discussed individually.  Corrosion data can most often be found in this section of the 
report. It is imperative to note that there is great variability among reports pertaining to 
the data presented in this table. For example, not all bridge reports present the same items 
in the table. More specifically to the scope of this project, there are reports which contain 
corrosion information while others do not. 
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The “Element states” section presents the table required by FHWA [24]. This table 
summarizes the condition of several bridge components. The section “Bridge and 
inspection notes” describes the observed flaws found during present and past inspections 
in the bridge structure.  

Lastly, the section “Inspection history” includes a table depicting the history of the NBI 
rating of bridge elements. This does not include every bridge element. This table is helpful 
in identifying the condition in time for given bridge elements. Additionally, this table can 
give insight into repairs done on a given bridge component. 

It is crucial to note that a “photos” section was not provided in the reports but was reported 
in a separate file by NHDOT. Every photograph was labeled, but they are often not 
referenced in the text. While photos from the inspections are provided, no sketches 
regarding corrosion damage are found on the photographic records. Figure 7 depicts an 
example of corrosion damage taken from the records of a bridge from NHDOT. 

 

 

Figure 7: Example of corrosion damage taken from the records of a bridge from NHDOT 

2.1.5. Format of data received from Rhode Island Department of Transportation 
(RIDOT) Inspection reports 

According to the RIDOT Bridge Inspection Manual [26], the RIDOT conducts 8 types of 
inspections and reports: 

i. Inventory: Consists of the first inspection of the bridge, right after it is 
entered into the bridge file. The purpose of such a report is to provide the 
required inventory information of the original structure type, size, location 
as well as to document its structural and functional conditions. 

ii. Routine: Conducted in a time interval no greater than 24 months and serves 
to assess if all service requirements are satisfied.  

iii. Damage: Consists of an unscheduled inspection which evaluates the 
structural damage caused to the bridge by environmental effects and/or 
human actions. 

iv. In-depth: Provides detailed assessment of the condition of the bridge or 
bridge elements.  
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v. Fracture critical: Details the condition of fracture critical members, i.e., 
members under tension which fracture could cause the structure to collapse 
partially or entirely. 

vi. Underwater: Used to determine the condition of the underwater portion of 
the bridge substructure and the surrounding channel. 

vii. Interim (Special) and miscellaneous: Conducted either in bridges which can 
no longer support the minimum live loads, closed bridges, or bridges which 
have gone through a flood event or bridges located on a public roadway that 
has suspected or known deterioration on one or more of its members. 

viii. Non-NBI inspections: Aim to classify the non-NBI bridge into a similar type 
of bridge presented in the NBI. Once the classification is done, the NBI 
procedure for the classified type of bridge must be used. 

While the sections of the reports are not explicitly denoted, RIDOT follows a structured 
template. To clearly discuss the reports, the following 5 sections are considered: 

1. Identification, structure inventory and appraisal 
2. Bridge notes 
3. Inspection notes 
4. Element inspection 
5. Element notes 

The “Identification, structure inventory and appraisal” section consists of the first and 
second pages of the reports. Here, general information about the bridge is reported (e.g., 
identification and location) and several NBI items discussing many bridge elements are 
summarized. Additionally, the reports from RIDOT discuss and present the historical 
records of some NBI ratings. Figure 8 depicts the first page of a report provided by 
RIDOT. 

In the section “Bridge notes”, many details about the procedure during the inspection was 
provided. This includes but is not limited to the equipment required, whether local police 
were present, and the labeling or layout of the bridge beams. In the section “Inspection 
notes”, one can find general information about the crew responsible for the inspection, 
the temperature, and additional comments about NBI ratings. 
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Figure 8: Front page of a typical routine inspection report provided by RIDOT 

The section “Element inspection” presents the table required by FHWA [24], which 
summarizes the condition of several components of the bridge. Lastly, in the section 
“Element notes”, detailed information and field measurements for distinct elements of the 
bridge are provided. In general, the corrosion damage and information are found in this 
section. 
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While the RIDOT reports do not present a section containing photos, all reports provided are 
accompanied with photographical records. The photographs are labeled with comments and 
measurements provided, as depicted in Figure 9. For some reports and bridges, more 
documentation on corrosion damage was provided. Among the outstanding documents, section 
loss calculations and corrosion damage sketches were provided. 

 

Figure 9: An example of picture provided by RIDOT 

2.1.6.  Format of data received from Vermont’s Agency of Transportation 
(VTrans) Inspection reports 

The VTrans Bridge Inspection Manual [27] indicates the existence of three types of 
reports:  

i. Routine inspections: Conducted on a regular basis by VTrans. 
ii. Special inspections: Required in situations when special equipment is needed 

during inspections. 
iii. Underwater inspections: Aim to check the underwater elements of the bridge 

and the condition of foundations. 

The inspection reports from VTrans consist of a table which sections are, in general, the 
elements of the bridge that are to be analyzed. The reports are organized in the following 
seven sections: 

1. Approach 
2. Deck 
3. Superstructure 



44 
 

4. Substructure 
5. Piers 
6. Channel 
7. Summary 

VTrans bridge inspection reports do not contain a cover but present general information 
about the bridge and the inspection report. This is given in a header on the first page of 
the report. Figure 11 depicts an example of a first page of a VTrans report. 

The section “Approach” contains information about the condition of the settlement, 
erosion on abutments, and the condition of the rails. The section following “Approach” 
is denoted as “Deck”, where information about the asphalt, joints and drains can be found. 

The next section refers to the “Superstructure”. Most of the information regarding 
corrosion can be found in this section, making it crucial to this project. Additionally, this 
section often contains comments on the condition of the floor beams, and the painting of 
the beams. 

The following section is the “Substructure” and discusses its elements, such as abutments 
and wingwalls. The last two element sections of the report discuss the condition of the 
“Piers” and “Channels” of the bridge structure. Lastly, there is a “Summary” section in 
which an overview about the bridge is provided along with NBI ratings. 

The reports do not depict photographic records, as this type of data can be found for all 
bridges in the VTrans web-portal. Not all pictures are labeled, and the text does not often 
reference the photographs. No sketches regarding corrosion are provided along with the 
photographs or the inspection reports. Figure 10 depicts an example of photo which can 
be found in VTrans web-portal. 

 

 

Figure 10: Example of photo of a buckled beam found in VTrans web-portal 
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Figure 11: Sample of report provided by VTrans 
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2.2. Variability and Quality of Data 

A first observation from all the inspection reports is that there is variability among the 
reports from different states in terms of the quantity of information provided and the 
structure of how information is reported. This finding is expected, as different states have 
been inspecting bridges differently and according to their needs and goals. It should be 
noted however, that with this variability, the reports from all states still meet the minimum 
requirements of NBI reporting. 

The most noticeable differences between the inspection reports can be found when we 
consider the following two groups: MaineDOT, NHDOT and VTrans in Group 1 and 
RIDOT, MassDOT and CTDOT in Group 2.  The Northern New England States (Group 
1) have inspection reports which rarely provide sketches where the Southern New 
England States (Group 2) often provide sketches and photographs. Another related 
important note is that several reports from Group 1, in which corrosion information is 
provided in a generic form, are the result of a visual inspection. For this reason, there are 
no detailed measurements or thickness losses provided in the report. It is imperative to 
note that the methods of Group 2 were developed over time and had performed inspection 
methods much like those of Group 1 in the past. For example, CTDOT has required 
sketches since around 2001 while other states do not require sketches. Figure 12, Figure 
13 and Figure 14 depict examples of corrosion information provided by the DOTs of the 
Northern States (Group 1). 

 

Figure 12: Example of corrosion information (Adapted from bridge 0854, Maine) 

 

 

Figure 13: Example of inspection notes (Adapted from BENNINGTON-BR22-19OCT2, 
Vermont) 

 

 

Figure 14: Example of inspection notes (Adapted from Andover 125-129, New Hampshire) 

The generic description of corrosion data and the lack of cross referencing to the pictures 
pose a challenge for the compilation and identification of corrosion patterns and the 
condition of the beams.  
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While there is visual inspection, many reports from the Southern New England States 
(Group 2) provide sketches regarding corrosion information. It is important to note that 
many of these sketches are not to scale and are depicted in Figures 15, Figure 16 and 
Figure 17. 

 

Figure 15: Typical inspection report sketch not in scale. Adapted from N19059-101-DOT-
NBI (Northampton, MA)  

 

Figure 16: Typical inspection report sketch (not to scale). Adapted from Br. #00297 
(Plainfield, CT) 

  

 

Figure 17: Typical inspection report sketch not to scale (Adapted from Br. #042501, RI) 
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The reports from all states that contain information about corrosion most often include a 
single data point of web thickness measurement. This is a gross simplification of the 
corrosion region since it is likely that web thickness will vary within a corroded region of 
the beam. The corrosion damage is considered uniform within the corroded region, and 
the given measurement is assumed to be the maximum thickness loss. The sparsity of 
thickness measurements is critical to note and consider here, as the average thickness of 
the beam is an important parameter of capacity load equations. Figure 18, Figure 19, and 
Figure 20 show the variation in how some of the New England States report this critical 
section loss parameter. The inspection reports from Massachusetts, Connecticut, and 
Rhode Island are where diagrams like these can be found. 

 

Figure 18: Corroded area described by only one thickness value. Adapted from W46010-
3RY-DOT-NBI (Wrentham, MA) 

 

Figure 19: Corroded area described by only one thickness value. Adapted from bridge 
00501 (Killingly, CT) 
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Figure 20: Corroded areas described by only one thickness value. Adapted from bridge 
061901(RI) 

There are also cases, where multiple thickness measurements are provided in an effort of 
the inspector to provide higher accuracy, as shown in Figure 21. It is worthwhile to note 
that the thickness measurement and its variation throughout the corroded region are 
important parameters needed when assessing the load capacity of the beams. 

 

Figure 21: Corroded area described by multiple thickness loss values. Sketch adopted 
from H08003-18J-MUN-NBI (District 2, Town of Hardwick, MA) 

There are sketches that provide an interval of section loss over a particular area. While 
this interval is depicted in a given area, they do not often indicate where the maximum 
and minimum loss occurs, as depicted in Figure 22. 
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Figure 22: No indication of where the section loss occurs. Adapted from Br. #00297 
(Plainfield, CT) 

While they provide incredible insight to the beam end condition, sketches are often not 
enough to accurately describe corroded beam ends. For this reason, it is important that a 
report depicts a coherent combination of sketches, photographs, and written descriptions 
regarding the phenomenon. In some cases, there are times where reporting is not accurate, 
i.e., when the description and the sketches/pictures do not match. Additionally, some 
pictures do not have labels nor captions, which hinders the understanding of the records. 
This usually happens to simplify and to generalize a condition. An example of this could 
be that the area of section loss is described as a rectangle, but the real pictures depict 
another pattern. In many cases, this simplification is used for 100% material loss, leading 
to overestimation of the phenomenon.  

As a general note, the reports typically from the Northern New England States (Group 1), 
lack information regarding the type of beams used in the construction of the bridge 
structure. This information is imperative to this work, as it provides a basis to understand 
the current conditions of the beams being analyzed relative to a control point or, original 
data. 
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2.3. Amount of Data 

Figure 23 presents the amount of inspection reports each state in the New England region 
provided for this research work. In summary, our team received a total of 553 inspection 
reports. However, some reports were from the same bridge in a different time or 
inspection interval. As a result, our team was able to create a database of 515 total bridges 
across the six New England States. 

 

Figure 23: Summary of reports provided by each state 

2.4. Preliminary filtering of the data 

As discussed above, not all the provided reports were used in the final bridge database of 
this research work. Some of them included but were not limited to reports describing 
other types of bridges (e.g., concrete bridges) and reports in which no corrosion 
information was provided. These bridges and reports could not be used in the database 
generated because they are out of the scope of the current work. As a result of this, the 
inspection reports needed to be sorted and compiled. Table 2 summarizes the number of 
reports used to create the current database. 
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Table 2: Preliminary sorting of inspection reports 

State All Summarized Stiffeners 

Previous 
Reports 

(In 
time) 

No data/No 
corrosion/Other 
type of damage 

Other 
type 
of 

bridge 

Too 
corroded 

Connecticut 136 55 83 1 18 5 -- 
Maine 63 32 7 1 31 -- -- 

Massachusetts 216 93 30 33 36 23 1 
New 

Hampshire 15 13 -- -- 2 -- -- 

Rhode Island 52 13 37 -- 8 1 -- 
Vermont 71 19 0 3 48 1 -- 

Total 553 225 157 38 143 30 1 
 

Table 2 includes the detailed numbers of the reports used from each state. The first 
column shows the number of all reports provided from each state. The second column 
details how many reports were summarized and effectively contributed to our database. 
The third column isolates inspection reports of bridges with stiffened beams; these reports 
were disregarded due to this type of beam being out of the scope of this project. The 
fourth column of Table 2 identifies reports which describe the evolution of the corrosion 
phenomenon in time. For example, many of the reports describe the same bridge at 
different time intervals. Although it is important to observe the evolution of corrosion, 
and possibly develop prediction tools, these reports were removed from post-processing 
as only the current (latest) condition of these bridges was accounted for. The fifth column 
of Table 2 shows the inspection reports which did not provide corrosion. There was a 
single report, which described a bridge with extreme corrosion, which the research team 
decided should be removed from further post-processing. 

As a result, from the 553 reports provided by the states, 225 reports were summarized. 
From the summarized reports, our team was able to obtain data for 1,723 beam ends. The 
amount of information collected is considered a rich source of data, from which the 
research team can draw conclusions regarding deterioration of unstiffened beam ends due 
to corrosion. 

2.5. Corrosion Patterns 

Building on a recently completed research project in MA, the research team identified  
six primary web corrosion patterns and four web hole patterns to classify the damage in 
bridge beam ends. These patterns were generated based on the most common types of 
corrosion identified in the beam ends of the reports provided by MassDOT, as discussed 
in [28].  

In this project, the corrosion patterns identified previously were used. The existing 
patterns allowed our team to describe more than 95% of the new data available in the 
reports for this project. With this large percentage of beams that could be described by 
existing patterns, our team decided that no new corrosion type needed to be created. This 
observation is not surprising because the source of corrosion in all states is similar: salt-
laden water leaking through bridge expansion joints located at beam ends.  



53 
 

The goal of creating the corrosion patterns is to simplify and classify the extensive data 
available. This type of corrosion classification allowed our team to describe and group 
cases that were similar. As a result, we were able to summarize the data into Excel 
spreadsheets and efficiently extract conclusions from the data available via MATLAB. 
Furthermore, this classification allowed building analytical models that included the most 
common corrosion patterns to conduct parametric analyses of beams containing these 
patterns.   

Table 3 through Table 8 describe the web corrosion patterns. These tables provide a label 
for the pattern, a diagram, a real inspection report example, and a brief description. 

Table 3: Web corrosion pattern W1 

Pattern 
name  Pattern shape Example from an inspection report 

W1 

 

 

Adopted from H-23-011-1UQ-DOT-NBI 

(District 3, Town of Hopkinton) 

Short description: W1 is a rectangular shape corrosion pattern which appears at the 
beam end above the bearing. The dimensions of the damaged area are CH for the depth of 
the damaged area and CL for the length. BL is the bearing width and Bo is the length of 
the free end of the beam beyond the bearing. The photograph on the right shows a case 
of W1 for which the CH is equal to the depth of the beam web Ho. 
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Table 4: Web corrosion pattern W2 

Pattern 
name Pattern shape Indicative example from an inspection 

report 

W2 

 

 

Adopted from N-06-015-3WR-DOT-NBI 

(District 5, Town of New Bedford) 

Short description: W2 is similar to W1 with the addition of a triangular shaped corrosion 
area at the end of the rectangular shape. For W2, CH is the depth of the damaged area, 
while CL1 is the length of the rectangular part of the corrosion. CL2 is the length of the 
triangular damage. BL is the bearing width and Bo is the length of the free end of the beam 
beyond the bearing. The photograph on the right shows a typical case of W2. 

 

Table 5: Web corrosion pattern W3 

Pattern 
name Pattern shape Indicative example from an inspection 

report 

W3 

 

 

Adapted from Bridge 00162, Girder G1, 
Span 2, Pier 2 

West Haven, Connecticut 

Short description: W3 is a more complex shape than W1 and W2. It can be described 
by the three areas as shown at the sketch above (left). For W3, the depth of the corroded 
area is described using CH1, CH2 and CH3. Similarly, CL1 and CL2 are used to provide the 
length of the corroded area. BL is the bearing width and Bo is the length of the free end of 
the beam beyond the bearing. The photograph on the right shows a typical case of W3. 
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Table 6: Web corrosion pattern W4 

Pattern 
name Pattern shape Indicative example from an inspection 

report 

W4 

 

 

Adapted from Bridge 042401, Girder C, 
Abutment 2 

New London Ave, Rhode Island 

Short description: W4 is a slight modification of W3 to include the bottom left 
rectangular shape. The depth of the corroded area is described using CH1 and CH2. 
Similarly, CL1, CL2 and CL3 are used to provide the length of the corroded area. BL is the 
bearing width and Bo is the length of the free end of the beam beyond the bearing. The 
photograph on the right shows a typical case of W4.  

 

Table 7: Web corrosion pattern W5 

Pattern 
name Pattern shape Indicative example from an inspection 

report 

W5 

 

 

Adapted from W-05-024-0T4-MUN-NBI 

(District 2, Town of Ware) 

Short description: W5 is a simple triangular shape corroded area described by CH which 
is the height of the triangle and CL which is the length of the triangle. BL is the bearing 
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width and Bo is the length of the free end of the beam beyond the bearing. The photograph 
on the right shows a typical case of W5. 

Table 8: Web corrosion pattern W6. 

Pattern 
name Pattern shape Indicative example from an inspection 

report 

W6 
 

 

Adapted from N-19-064-10C-DOT-NBI 

(District 2, City of Northampton, 
Massachusetts) 

Short description: W6 is a rare case but it is included here for the sake of completeness.  
It involves a plate at the bottom side of the web. The corrosion extends above the repaired 
section as shown in the graph above (left). For this case, H1 is the height of the corroded 
area, CL1 is the length of the corroded area, and H2 is the height of the repair plate.  The 
photograph on the right shows a typical case of W6. 

 

Much like the web corrosion patterns, no new web hole corrosion patterns were created 
as the existing patterns described more than 95% of the beam ends. Table 9 through Table 
12 depict the web hole corrosion patterns considered. These tables provide a label for the 
pattern, a diagram, a real inspection report example, and a brief description. 
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Table 9: Web hole pattern M1 

Pattern 
name Hole shape Indicative example from an inspection report 

M1 

 

 

Adapted from Bridge 00636, Girder 2, Span 2, Pier 
2 

Middletown, Connecticut 

Short description: M1 is a case where a hole appears at the lower part of the web and extends 
longitudinally over the bearing. For this case, a is the height of the hole and b is the length of the 
hole. The photograph on the right shows a typical case of M1. 

Table 10: Web hole pattern M2 

Pattern 
name Hole shape Indicative example from an inspection 

report 

M2 

 

 

Adapted from S-24-017-14K-DOT-634 

(District 2, City of Springfield, 
Massachusetts) 

 
Short description: M2 is a case where the beams have a diaphragm and the hole appears 
just below the diaphragm. For this case, a is the height of the hole and b is the length of 
the hole. The photograph on the right shows a typical case of M2. 
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Table 11: Web hole pattern M3 

Pattern 
name Hole shape Indicative example from an inspection 

report 

M3 

 

 

Adapted from F-04-017-23N-DOT-634 

(District 3, City of Fitchburg, 
Massachusetts) 

 
Short description: M3 is a case where a hole appears at the top part of the beam. For 
this case, a is the height of the hole and b is the length of the hole. The photograph on 
the right shows a typical case of M3. 

 

Table 12: Web hole pattern M4 

Pattern 
name Hole shape Indicative example from an inspection report 

M4 

 
 

Adapted from Bridge 024301, Girder A West 
Face, North Abutment 2 

Lafayette RR, Rhode Island 

Short description: M4 is a case where a hole appears away from the bearing at the lower part 
of the beam. For this case, a is the height of the hole, b is the length of the hole, and c is the 
distance of the end of the hole from the end of the beam. The photograph on the right shows a 
typical case of M4. 
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It is worthwhile mentioning that the beam ends usually present a combination of corrosion 
web patterns and web hole patterns. Additionally, the same beam end can present more 
than a single web hole pattern. The three following combinations of web hole patterns 
were considered in this project: M1+M2, M1+M3, and M2+M4. 

Flange Corrosion 

The reports from each state often describe the flange corrosion by measuring only the 
length of the phenomenon and the thickness loss. As a result, there is the underlying 
assumption that corrosion is uniform across the width of the flanges. Although this is a 
rough assumption, this is recurring when dealing with corrosion. For instance, a similar 
assumption is made when the thickness loss is uniform in the corroded area. 

Therefore, to summarize the flange corrosion, no pattern was created. Instead, the length 
and thickness loss were recorded. In case the report did not show any information 
regarding flange corrosion, no corrosion was considered in the flanges.  
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3. Organization of Data and Post-Processing 

3.1. Organizing Data 

To work with the extensive amount of available data, the corrosion information from the 
reports was organized into Excel spreadsheets. The usage of Excel allows one to easily 
organize the phenomenon by using the parameters defined for each corrosion pattern. 
Once the data was organized, our team was able to run a MATLAB code which provides 
efficiency in post-processing the data available in the reports. 

Figure 24 depicts the top of the spreadsheet, which includes general information for the 
bridge, such as name, location, construction year, and so on.  

 

Figure 24: Bridge identification and general information isolated at the top of the 
spreadsheet 

Every bridge is described by a sheet in an Excel file. This allows for many bridges to be 
placed into a single file. Each corroded beam end is described by a single column with 
cells which contain general information regarding the beams. This allowed the team to 
compile each beam end from a given bridge into one sheet. Thus, in a single Excel file 
we were able to gather all the beam ends from each bridge from every state. However, to 
maintain organization and to avoid errors, our team decided to separate Excel files by 
state. Excel files varied between Group 1 and Group 2 and was dependent on the amount 
of corrosion data that was presented for a given beam end. 

By describing each corroded beam end within a column, we accurately consider each 
unique beam end case. Figure 25 depicts the whole column in which the corrosion data 
of each beam end is summarized. 

The first section of the spreadsheet describes the web corrosion pattern (lines 7-13 in 
Figure 25). The first field that must be filled concerns the beam type, (shadowed area A, 
in Figure 25). Then, in part B (lines 8-13 and 18-20) the corrosion shape is described 
using one of the six defined corrosion patterns, the corresponding dimensions are 
normalized with the height 𝐻𝐻0, where H0 = H-2tf, and the web thickness loss is reported 
as well, where 𝐻𝐻 is the depth of the beam and 𝑡𝑡𝑓𝑓 the flange thickness. 

The second part of the spreadsheet involves the hole patterns. In Part C, if a web hole 
exists, it is classified according to the hole patterns discussed earlier in the report. In case 
hole dimensions are given, they are normalized the same way as web corrosion lengths. 
In Part D, the diaphragm and signs of buckling are reported with “yes” or “no”. 
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Figure 25: Spreadsheet designed to organize corrosion data 

Part E is dedicated to flange corrosion identification. The corrosion length and the 
thickness loss are reported. It is critical to note that thickness loss considers both sides of 
a given beam end and its corrosion. Additionally, in a case with a hole present, its position 
and length are reported. Finally, in Part F, the condition of the bearing is described, if any 
information is available. 

3.2. MATLAB script 

Once all the available data was organized into Excel spreadsheets, we could assume that 
the information from all beam ends is stored in the same shape. Using this information, a 
MATLAB script was created to post-process the data stored in the spreadsheets. 
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The MATLAB script used in this project was first developed in [28, 44] and was updated 
to be utilized here. Upon running, the code looks for the existence of diaphragm in the 
beam ends. Further, the code accounted for the patterns of each beam end stores the 
parameters written in the spreadsheet into MATLAB matrices. From this, our team could 
assess the maximum length, maximum height, etc., for each pattern. 

3.3. Results 

Following the post-processing of the data from the reports provided, our team could 
determine, for instance, the most common patterns, or the extreme cases of corrosion. 
Some of the states studied in this project have a significantly greater amount of recorded 
beam-ends than others. Additionally, in some cases, it was not possible to determine the 
corrosion pattern from every state. In response to this, results were presented by state, 
rather than as a region. This was adopted to avoid bias in the results and to provide useful 
data by state. 

Additionally, with the division of results by states, the results were further divided into 
two categories; to address structures that had diaphragms and structures that did not. It is 
imperative to distinguish that a structure was considered to have “diaphragms” for either 
concrete diaphragms or for cases in which the connection plate of the metallic diaphragm 
occupied a significant area of the web, as depicted in Figure 26.  

  
Figure 26: To the left is  P-01-005 (Massachusetts) and the right structure is 042401 

(Rhode Island) 
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3.3.1. Connecticut 

3.3.1.1.  General Metrics 

Following the methodology explained above, our research team was able to compile 
information of 369 beams ends without diaphragms from the reports provided by 
CTDOT. It is important to note that beam ends without corrosion are not considered in 
this count. To help with the understating of the behavior of corrosion and extract more 
meaningful results, patterns W1 and W2 were grouped, as well as patterns W3 and W4. 
By doing this, the research team was able to easily distinguish the relevant web corrosion 
patterns and relevant hole patterns. Table 13 and Table 14 depict the results obtained by 
grouping the corrosion patterns of beams with and without diaphragm. 

 

Table 13: Beam end categorization metrics for beam ends without a diaphragm system 

 Number No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 
and 
W2 

243 236 3 0 2 3 0 1 0 

W3 
and 
W4 

50 45 3 0 2 0 0 1 0 

W5 26 26 0 0 0 0 0 0 0 
W6 2 2 0 0 0 0 0 0 0 

Total 321 309 6 0 4 3 0 2 0 
 

Table 14: Beam end categorization metrics for beam ends with a diaphragm system 

 Number No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and 
W2 36 33 1 1 0 0 0 0 0 

W3 and 
W4 10 9 1 0 0 0 0 0 0 

W5 2 2 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

Total 48 44 2 1 0 0 0 0 0 
 

3.3.1.2.  Final Corrosion patterns 

From the data shown above, it becomes clear that the majority of beam end deterioration 
does not include holes. Additionally, it is also clear that the W1, W2, W3 and W4 patterns 
are present in a large majority of the beam ends. It is important to note that although 
patterns W1 and W2 and W3 and W4 were grouped together, these patterns were 
separately analyzed. Further results of isolated patterns can be found in the Appendix 
section of this report. 
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Based on Table 13 and Table 14, the research group was able to determine the most 
dominant cases of corrosion, which are shaded in green in Table 15 and Table 16. On the 
other hand, cases shaded in red were disregarded, as they were very sparse in number.  

Table 15: Dominant cases for beams without a diaphragm system 

 Number No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and W2 243 236 3 0 2 3 0 1 0 
W3 and W4 50 45 3 0 2 0 0 1 0 

W5 26 26 0 0 0 0 0 0 0 
W6 2 2 0 0 0 0 0 0 0 

Total 321 309 6 0 4 3 0 2 0 
 

Table 16: Dominant cases for beams with a diaphragm 

 Number No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and 
W2 36 33 1 1 0 0 0 0 0 

W3 and 
W4 10 9 1 0 0 0 0 0 0 

W5 2 2 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

Total 48 44 2 1 0 0 0 0 0 
 

3.3.1.3. Beams ends without a diaphragm system 

3.3.1.3.1. W1 and W2 

Based on the 317 appearances of W1 and W2 without a diaphragm system, our team was 
able to determine the most common cases regarding web and flange corrosion for both 
patterns and the most common interaction between the parameters of a pattern. Table 17, 
Table 18, and Table 19 depict the most common trends observed in the compiled data. 
The graphs which allowed the team to observe these behaviors are found in the 
Appendices of this report. 
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Table 17: Final corrosion patterns for W1 and W2 without holes (beam ends without a 
diaphragm) - CTDOT 

Auxiliary Sketch  

 

 

Description Pattern W1 
Case A 

𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟒𝟒𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤ 𝟎𝟎.𝟒𝟒 

𝟏𝟏 ≤
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤  𝟑𝟑, with 𝟎𝟎.𝟏𝟏 ≤ 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤ 𝟎𝟎.𝟕𝟕 

 
Case B 

𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟏𝟏𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟏𝟏𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟒𝟒 

𝟏𝟏 ≤
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟐𝟐.𝟓𝟓, with 

𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 𝟎𝟎.𝟐𝟐, 𝟎𝟎.𝟒𝟒, 𝟎𝟎.𝟔𝟔, 𝟏𝟏 
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3.3.1.3.2. W3 and W4 

Table 18 : Final corrosion patterns for W3 and W4 without holes (beam ends without a 
diaphragm) - CTDOT 

Auxiliary Sketch  

 

 

Description Pattern W3 
Case A 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟒𝟒𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟐𝟐 < 𝟏𝟏𝑯𝑯𝟎𝟎, 𝟎𝟎 <
𝑪𝑪𝑯𝑯𝟑𝟑 < 𝟎𝟎.𝟒𝟒𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟏𝟏𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟐𝟐 <

𝟏𝟏.𝟓𝟓𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟑𝟑 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟒𝟒 

𝟎𝟎 <
𝑪𝑪𝒇𝒇
𝑯𝑯𝟎𝟎
≤ 𝟎𝟎.𝟒𝟒, with 𝟎𝟎 < 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤ 𝟎𝟎.𝟒𝟒 

 

 

3.3.1.3.3. W5 

Table 19: Final corrosion patterns for W5 without holes (beam ends without a diaphragm) - 
CTDOT 

Auxiliary Sketch  

 

 

Description Pattern W5 
Case A 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟒𝟒𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟏𝟏.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟏𝟏 ≤
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤ 𝟎𝟎.𝟓𝟓 

𝟎𝟎 <
𝑪𝑪𝒇𝒇
𝑯𝑯𝟎𝟎
≤ 𝟏𝟏.𝟓𝟓, with 𝟎𝟎 < 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤ 𝟎𝟎.𝟒𝟒 
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3.3.1.4.  Beam ends with a diaphragm system 

3.3.1.4.1. W1 and W2 

The goal of this section of the report is to describe the interaction between the parameters 
of the corrosion patterns. To meet this goal, the main trends in patterns W1 and W2 were 
observed. As commented in the previous sections, patterns W1 and W2 were grouped, as 
W1 can be expressed from W2 pattern if CL2 is zero. 

The existence of the diaphragm makes the understanding of the corrosion problem more 
difficult, due to the inability to predict the diaphragms’ location placement. For this 
reason, in this section, only observed cases of corrosion are plotted. 

From the results, it was observed that beam ends with a diaphragm have two main trends. 
It was found that in both cases, CL2 is equal to 0. Additionally, the corrosion height was 
found either to be the full height or up to 40% of H0, as depicted in Table 20. 

Table 20: Final corrosion patterns for W1 and W2 without holes (beam ends with a diaphragm) 
- CTDOT 

Auxiliary Sketch  

 

 

Description Pattern W1 
Case A (Report 01807, CT, Span 1, G4, Pier 1) 
𝟎𝟎.𝟏𝟏𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟑𝟑𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟑𝟑 

𝟏𝟏 ≤
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟑𝟑, with 𝟎𝟎.𝟏𝟏 ≤ 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤ 𝟎𝟎.𝟒𝟒 

 
Case B (0 
1732, CT, Span 3, G6, Pier 2) 

𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟏𝟏𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟎𝟎.𝟒𝟒𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟐𝟐 ≤
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤ 𝟎𝟎.𝟒𝟒 

𝟎𝟎 <
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟏𝟏, with 

𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒 
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3.3.1.4.2. W3 and W4 

Table 21: Final corrosion patterns for W3 and W4 without holes (beam ends with a diaphragm) 
- CTDOT 

Auxiliary Sketch  

 

 

Description Pattern W3 
Case A (00281, CT, Span 2, G1, Pier 2, East 
El) 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟐𝟐 < 𝟏𝟏𝑯𝑯𝟎𝟎, 𝟎𝟎 <
𝑪𝑪𝑯𝑯𝟑𝟑 < 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟎𝟎.𝟒𝟒𝑯𝑯𝟎𝟎, 𝟎𝟎 <

𝑪𝑪𝑳𝑳𝟐𝟐 < 𝟐𝟐𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟑𝟑 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟏𝟏 ≤
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟑𝟑 

𝟎𝟎 <
𝑪𝑪𝒇𝒇
𝑯𝑯𝟎𝟎
≤ 𝟏𝟏, with 𝟎𝟎 < 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤ 𝟎𝟎.𝟐𝟐  

 

3.3.2. Maine 

As discussed in the previous sections, the bridge inspection reports did not provide 
enough documentation to allow the research team to match the corrosion patterns to the 
existing beams. For this reason, it was not possible to account for the most common 
corrosion topologies. The results the research team was able to obtain from the 
documentation provided by MaineDOT can be found in the Appendix section of this 
report. 

3.3.3. Massachusetts 

3.3.3.1. General Metrics 

Following the two stage post-processing described above, the 808 beam ends were 
categorized to all the patterns. It must be mentioned that out of the 808, 69 beam ends had 
no corrosion. Therefore, from this point on there will be 739 beam ends as the total 
number in the following tables. At this stage, it was decided to group some of the patterns 
together: W1 with W2, W3 with W4. A further distinction between beam ends with and 
without diaphragm was also realized. The categorization metrics are shown in Table 22 
and Table 23 for all the 739 beam ends.  
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Table 22: Beam end categorization metrics for beam ends without a diaphragm system 

Beam ends without a diaphragm 

 Number No 
Hole M1 M2 M3 M4 

M1 
and 
M2 

M1 
and 
M3 

M2 
and 
M4 

W1 and W2 171 154 13 1 3 0 0 3 0 

W3 and W4 96 78 14 0 3 1 0 4 0 

W5 17 13 3 1 0 0 0 0 0 

W6 2 2 0 0 0 0 0 0 0 

Total 286 247 30 2 6 1 0 7 0 

 

Table 23 : Beam end categorization metrics or beam ends with a diaphragm system 

Beam ends with a diaphragm 

 Number No 
Hole M1 M2 M3 M4 

M1 
and 
M2 

M1 
and 
M3 

M2 
and 
M4 

W1 and W2 268 235 13 13 5 2 1 0 0 

W3 and W4 176 125 35 8 6 2 9 4 1 

W5 9 9 0 0 0 0 0 0 0 

W6 0 0 0 0 0 0 0 0 0 

Total 453 369 48 21 11 4 10 4 1 

 

From the data shown above, it becomes clear that most of the beam end deterioration does 
not include holes. In addition, it is also very clear that many beam ends belong to W1, 
W2, W3 and W4 patterns. Table 24 shows the same categorization according to different 
districts. 

Table 24: Distribution of beam ends according to district 

 Total District 1 District 2 District 3 District 4 District 5 

W1 380 2 79 31 9 259 

W2 59 4 4 0 2 49 

W3 216 7 60 72 20 57 
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W4 56 1 7 4 0 44 

W5 26 3 4 3 0 16 

W6 2 0 2 0 0 0 

 

3.3.3.2. Final Corrosion patterns 

As mentioned above, the pattern W1 is merged with W2 and pattern W3 is merged with 
W4. W1 can be expressed from W2 pattern if CL2 is set to zero. This allowed us to group 
W1 and W2 into one case which can be carried through the post-processing; there are 3 
extreme scenarios identified. It is imperative to note that both the W1 and W2 patterns 
were examined separately. 

Similarly, W3 and W4 can be expressed as a W3 pattern with Cl3(W4)=Cl1 and CH1=CH3. 
Based on this merge, the cases which were selected as “more dominant” are shown in 
green in the following two tables. The cases which have a red shade were disregarded as 
they were very few. In total, the green cases consist of the 91% of all the cases of corroded 
beam ends which is considered an adequate threshold. The data were divided in 2 main 
categories, beams ends with diaphragm and without. The dimensions of the pattern are 
normalized with the height H0, where 𝐻𝐻0 = 𝐻𝐻 − 2𝑡𝑡𝑓𝑓. It should be mentioned that the final 
corrosion patterns for the top flange are considered intact, because only at 19 out of 732 
beam ends top flange deterioration was reported. 

Table 25: Metrics for beam ends with a diaphragm after the merging 

Beam ends with a diaphragm 

 
Frequency 

No 
Hole M1 M2 M3 M4 

M1 
and 
M2 

M1 
and 
M3 

M2 
and 
M4 

W1 and W2 268 235 13 13 5 2 1 0 0 

W3 and W4 176 125 35 8 6 2 9 4 1 

W5 9 9 0 0 0 0 0 0 0 

W6 0 0 0 0 0 0 0 0 0 

Total 453 369 48 21 11 4 10 4 1 

 

Table 26: Metrics for beam ends without a diaphragm after the merging 

Beam ends without a diaphragm 

 
Frequency 

No 
Hole M1 M2 M3 M4 

M1 
and 
M2 

M1 
and 
M3 

M2 
and 
M4 
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W1 and W2 171 154 13 1 3 0 0 3 0 

W3 and W4 96 78 14 0 3 1 0 4 0 

W5 17 13 3 1 0 0 0 0 0 

W6 2 2 0 0 0 0 0 0 0 

Total 286 247 30 2 6 1 0 7 0 
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3.3.3.3. Beam ends without a diaphragm system 

3.3.3.3.1. W1 and W2 

Table 27: Final corrosion patterns for W1 and W2 without holes (beam ends without a 
diaphragm) - MassDOT 

Description W1 and W2 pattern 

 

 

Case A: 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 ≤ 𝟎𝟎.𝟑𝟑𝑯𝑯𝒍𝒍,    0< 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟏𝟏.𝟓𝟓𝑯𝑯𝒍𝒍 
and  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐,   𝟎𝟎.𝟒𝟒,   𝟎𝟎.𝟔𝟔, 𝟎𝟎.𝟖𝟖}  
𝟏𝟏 ≤

𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟐𝟐, with 

𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 { 𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖} 
 

Case B: 
𝑪𝑪𝑯𝑯𝟏𝟏 = 𝑯𝑯𝒍𝒍,    𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟏𝟏.𝟓𝟓𝑯𝑯𝒍𝒍  and  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟖𝟖}   
𝟏𝟏 ≤

𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟐𝟐, with 

𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 { 𝟎𝟎.𝟒𝟒𝟓𝟓,𝟎𝟎.𝟔𝟔𝟓𝟓} 

 
Case C: 
𝑪𝑪𝑯𝑯𝟏𝟏 = 𝑯𝑯𝒍𝒍,    𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟎𝟎.𝟓𝟓𝑯𝑯𝒍𝒍     and  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 {𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟖𝟖}   
𝟏𝟏 ≤

𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟐𝟐, with 

𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 { 𝟎𝟎.𝟒𝟒𝟓𝟓,𝟎𝟎.𝟔𝟔𝟓𝟓} 

 
 

  

Helpful 
sketch 
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3.3.3.3.2. M1 hole pattern 

Table 28: Final corrosion patterns for W1 and W2 with holes (beam ends without a diaphragm) 
- MassDOT 

Description W1 and W2 pattern 

 

 

The extreme scenario is projected on 
the W1 and W2 Case C: 
The extreme hole scenario was found on 
W2, with a=0.15 and b=0.5.  

 
 

3.3.3.3.3. W3 and W4 

Table 29: Final corrosion patterns for W3 and W4 without holes (beam ends without a 
diaphragm) - MassDOT 

Description W3 and W4 pattern 

 

 

Helpful 
sketches 

Helpful 
sketch 
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The extreme scenario is: 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 ≤ 𝟎𝟎.𝟑𝟑𝟓𝟓𝑯𝑯𝒍𝒍,  𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟑𝟑 ≤
𝟎𝟎.𝟑𝟑𝟓𝟓𝑯𝑯𝒍𝒍 
𝟎𝟎.𝟎𝟎𝟓𝟓𝑯𝑯𝒍𝒍 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟎𝟎.𝟕𝟕𝑯𝑯𝒍𝒍, 𝟎𝟎.𝟓𝟓𝑯𝑯𝒍𝒍 <
𝑪𝑪𝑳𝑳𝟑𝟑 ≤ 𝟐𝟐.𝟑𝟑𝑯𝑯𝒍𝒍 

 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 

{𝟎𝟎.𝟏𝟏,𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟑𝟑,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟓𝟓,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟕𝟕,𝟎𝟎.𝟖𝟖}
 

𝑪𝑪𝒇𝒇
𝑪𝑪𝑳𝑳𝟑𝟑

= 𝟏𝟏, with 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖} 
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3.3.3.3.4. M1 hole pattern 

Table 30: Final corrosion patterns for W3 and W4 with holes (beam ends without a diaphragm) 
- MassDOT 

Description W3 and W4 pattern 

 

 

The extreme scenario is: 
Holes seem to be mainly thin and long 
across the web, with the extreme case 
a=0.21H0 and b=0.63H0. 

 
 

3.3.3.3.5. W5 

Table 31: Final corrosion patterns for W5 without holes (beam ends without a diaphragm) - 
MassDOT 

Description W5 pattern 

 

 

Helpful 
sketches 

Helpful 
sketch 
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The extreme scenario is: 
𝟎𝟎.𝟏𝟏𝟓𝟓𝑯𝑯𝒍𝒍 ≤ 𝑪𝑪𝑯𝑯𝟏𝟏 ≤ 𝟏𝟏𝑯𝑯𝒍𝒍,  𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤
𝟎𝟎.𝟑𝟑𝟓𝟓𝑯𝑯𝒍𝒍  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟓𝟓}, 𝟏𝟏 ≤
𝑪𝑪𝒇𝒇
𝑪𝑪𝑳𝑳𝟑𝟑

≤

𝟏𝟏.𝟖𝟖, with 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟏𝟏,𝟎𝟎.𝟖𝟖} 
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3.3.3.4. Beam ends with a diaphragm 

3.3.3.4.1. W1 and W2 

Table 32: Final corrosion patterns for W1 and W2 without holes (beam ends with a diaphragm) 
- MassDOT 

Description W1 and W2 pattern 

 

 

Case A: 
0< 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟎𝟎.𝟑𝟑𝟓𝟓𝑯𝑯𝒍𝒍,  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒕𝒕𝒇𝒇𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖}  
Flange: 𝟎𝟎.𝟏𝟏𝟓𝟓 < 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
 ≤ 𝟎𝟎.𝟒𝟒𝟓𝟓, 1≤ 𝑪𝑪𝒇𝒇

𝑪𝑪𝒍𝒍 ≤
𝟏𝟏.𝟕𝟕 

 
Case B: 
𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟐𝟐.𝟓𝟓𝑯𝑯𝒍𝒍,  

 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇  

{𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖} 
 Flange:0≤ 𝑪𝑪𝒇𝒇

𝑪𝑪𝒍𝒍 ≤ 𝟏𝟏, 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 

 𝒍𝒍𝒇𝒇{𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖}  
Case C: 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 ≤ 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟎𝟎.𝟔𝟔𝑯𝑯𝟎𝟎 

𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟐𝟐 ≤ 𝟏𝟏.𝟖𝟖𝑯𝑯𝟎𝟎,  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖} 
𝟏𝟏 < 𝑪𝑪𝒇𝒇

𝑪𝑪𝒍𝒍   ≤ 𝟐𝟐, 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
 𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖}   

 

Case A is the first extreme corrosion scenario in the web and flange, with full height 
corrosion and length up to 35% of H0. The corroded area is often located before the 
diaphragm, which is illustrated with black in the figures of this report. Case B is the 
second extreme corrosion scenario in the web and flange. The corroded area extends 
longitudinally in the web above the flange. Case C is the third extreme corrosion scenario 
in the web and flange.  
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3.3.3.4.2. M1 Holes 

Table 33: Final corrosion patterns for W1 and W2 with holes (beam ends with a diaphragm) - 
MassDOT 

Description W1 and W2 pattern 

  

M1 holes were equally distributed between 
web corrosion scenarios CASE A and CASE 
B, with maximum length 1.4H0 and height 
0.21H0. M2 mainly appeared in the third 
scenario. 

 
 

3.3.3.4.3. M2 Holes 

Table 34: Final corrosion patterns for W1 and W2 with holes (beam ends with a diaphragm) - 
MassDOT 

Description W1 and W2 pattern 

 

 

M2 hole pattern projected on the extreme 
third web corrosion pattern. With black color 
the diaphragm is illustrated in a possible 
configuration, with a<=0.11, and b<=0.3. 
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3.3.3.4.4. W3 and W4 

As discussed earlier in the report, W3 and W4 were merged for analysis. However, in this 
case, both patterns were examined separately, and three extreme scenarios were 
identified. It was noticed that extreme scenarios of W3 are the most critical. Following 
this, two main trends were found: a) full height corrosion, or b) corrosion up to 30% of 
H0. 

Table 35: Final corrosion patterns for W3 and W4 without holes (beam ends with a diaphragm) 
- MassDOT 

Description W3 and W4 pattern 

 

 

Case A: 
𝟎𝟎.𝟐𝟐𝟓𝟓𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟑𝟑 ≤ 𝟎𝟎.𝟔𝟔𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟏𝟏𝑯𝑯𝟎𝟎 <
𝑪𝑪𝑳𝑳𝟏𝟏 ≤ 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟎𝟎𝟔𝟔𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 = 𝑪𝑪𝑯𝑯𝟑𝟑 ≤ 𝟎𝟎. 𝟏𝟏𝟔𝟔𝑯𝑯𝟎𝟎, 
 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇  {𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔} 
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍

= 𝟏𝟏.𝟐𝟐 and 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 { 𝟎𝟎.𝟑𝟑,𝟎𝟎.𝟔𝟔}  
Case B: 
𝟎𝟎.𝟔𝟔𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟑𝟑 ≤ 𝟐𝟐.𝟑𝟑𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟐𝟐 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤
𝟎𝟎.𝟔𝟔𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟎𝟎𝟓𝟓 < 𝑪𝑪𝑯𝑯𝟏𝟏 = 𝑪𝑪𝑯𝑯𝟑𝟑 ≤ 𝟎𝟎.𝟑𝟑𝟎𝟎𝑯𝑯𝟎𝟎, 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖}, 𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍

= 𝟏𝟏 and, 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒕𝒕𝒕𝒕𝒘𝒘 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘 𝒍𝒍𝒇𝒇 { 𝟎𝟎.𝟔𝟔𝟓𝟓} 

 
Case C: 
 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟑𝟑 ≤ 𝟑𝟑𝑯𝑯𝟎𝟎,  𝟎𝟎.𝟏𝟏𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 ≤
𝟎𝟎.𝟕𝟕𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟎𝟎𝟓𝟓𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 ≤ 𝟎𝟎.𝟐𝟐𝟓𝟓𝑯𝑯𝟎𝟎,  
𝟎𝟎.𝟎𝟎𝟓𝟓𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟑𝟑 ≤ 𝟎𝟎.𝟏𝟏𝟖𝟖𝑯𝑯𝟎𝟎,  
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟒𝟒,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖} 
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍

= 𝟏𝟏 and 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 { 𝟎𝟎.𝟑𝟑,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖}  
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3.3.3.4.5. M1 Holes 

Table 36: Final corrosion patterns for W3 and W4 with holes (beam ends with a diaphragm) - 
MassDOT 

Description W3 and W4 pattern 

 

 

Holes appeared mainly with a full height 
corroded web and they seem to be mainly 
thin and long across the web. Most of the 
cases have ratio of hole’s length to height 
up to 6, and length up to 50% of Ho. Thus, 
for the extreme hole scenario, hole’s 
height is considered as 0.083. 

For W4, M1 hole appears as pit hole 
(0.0044 x 0.0044). 

 

 

3.3.3.4.6. M2 Holes 

Table 37: Final corrosion patterns for W3 and W4 with holes (beam ends with a diaphragm) - 
MassDOT 

Description W3 and W4 pattern 

 

 

Helpful 
sketches 

Helpful 
sketches 



83 
 

M2 holes were examined together for both 
patterns W3 and W4 because there were 
found only 7 times. The extreme hole 
scenario with a≤ 𝟎𝟎.𝟏𝟏 and b≤ 𝟎𝟎.𝟐𝟐𝟓𝟓 is 
projected on the Case B extreme web 
corrosion scenario. 
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3.3.3.4.7. W5 

Table 38: Final corrosion patterns for W5 with holes (beam ends with a diaphragm) - 
MassDOT 

Description W5 pattern 

 

 

𝟎𝟎.𝟑𝟑𝑯𝑯𝟎𝟎 ≤ 𝑪𝑪𝑳𝑳𝟏𝟏 ≤  𝟎𝟎.𝟖𝟖𝟓𝟓𝑯𝑯𝟎𝟎,  𝟎𝟎.𝟏𝟏𝟓𝟓𝑯𝑯𝟎𝟎 <
𝑪𝑪𝑯𝑯𝟏𝟏 ≤ 𝟎𝟎.𝟑𝟑𝟎𝟎𝑯𝑯𝟎𝟎 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒕𝒕𝒕𝒕𝒘𝒘 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘 {𝟎𝟎.𝟑𝟑𝟓𝟓} 
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
 𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘𝒍𝒍 𝒕𝒕𝒕𝒕𝒘𝒘 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 {𝟎𝟎.𝟑𝟑,𝟎𝟎.𝟔𝟔,𝟎𝟎.𝟖𝟖} with 

𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒘𝒘 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟏𝟏,𝟏𝟏.𝟔𝟔} 

 
 

3.3.4. New Hampshire 

As described earlier, the bridge inspection reports from the state of New Hampshire did 
not provide enough documentation to allow the research team to match corrosion patterns 
to current damage in the beams of the bridge structures. For this reason, it was not possible 
to account for the most common corrosion topologies. The results the research team were 
able to obtain from the documentation provided by NHDOT can be found in the Appendix 
of this report. 

3.3.5. Rhode Island 

3.3.5.1. General Metrics 

Following the methodology explained above, the research team was able to compile 
information on 88 beam ends from the inspection reports provided by RIDOT. It is 
important to note that beam ends without corrosion are not considered in this count. To 
ease the understanding of the behavior of corrosion and extract more meaningful results, 
patterns W1 and W2 were grouped, as well as patterns W3 and W4. With these groupings, 
the research team was able to easily distinguish the relevant web corrosion patterns and 
relevant hole patterns present in the bridge structures for the state of Rhode Island. Table 
39 and Table 40 depict the results obtained by grouping the corrosion patterns of beams 
with and without a diaphragm. 

Helpful 
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Table 39: Beam end categorization metrics for beam ends without a diaphragm 

 Frequency No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and 
W2 26 24 2 0 0 0 0 0 0 

W3 and 
W4 21 19 0 0 1 1 0 0 0 

W5 4 4 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

Total 51 47 2 0 1 1 0 0 0 
 

Table 40: Beam end categorization metrics for beam ends with a diaphragm 

 Frequency No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and 
W2 28 25 2 0 1 0 0 0 0 

W3 and 
W4 9 8 0 0 0 1 0 0 0 

W5 0 0 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

Total 37 33 2 0 1 1 0 0 0 
 

3.3.5.2. Final Corrosion patterns 

From the data shown above, it becomes clear that most of the beam end deterioration does 
not include holes. In addition, it is also very clear that most of the beam ends belong to 
W1, W2, W3 and W4 patterns. It is worthwhile pointing out that although patterns W1 
and W2 and W3 and W4 were grouped together, these patterns were separately analyzed. 
Besides that, the results of isolated patterns can be found in the appendix. 

Based on Table 39 and Table 40, the research group was able to determine the most 
dominant cases, which are shaded in green in Table 41 and Table 42. On the other hand, 
cases shaded in red were disregarded, as they were very few.  

Table 41: Dominant cases for beams without a diaphragm 

 Number No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and 
W2 26 24 2 0 0 0 0 0 0 

W3 and 
W4 21 19 0 0 1 1 0 0 0 

W5 4 4 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

Total 51 47 2 0 1 1 0 0 0 
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Table 42: Dominant cases for beams with a diaphragm 

 Number No Hole M1 M2 M3 M4 M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 and 
W2 28 25 2 0 1 0 0 0 0 

W3 and 
W4 9 8 0 0 0 1 0 0 0 

W5 0 0 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

Total 37 33 2 0 1 1 0 0 0 
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3.3.5.3. Beams ends without a diaphragm 

3.3.5.3.1. W1 and W2 

Based on the 49 appearances of the W1 and W2 patterns without a diaphragm, our team 
was able to determine the most common cases regarding web and flange corrosion for 
each, and the most common interaction between the parameters of a pattern. Table 43, 
Table 44 and Table 45 depict the most common trends observed in the compiled data. 
The graphs which allowed one to observe these behaviors can be found in the Appendix 
of this report. 

Table 43: Final corrosion patterns for W1 and W2 without holes (beam ends without a 
diaphragm) - RIDOT 

Auxiliary Sketch  

 

 

Description Pattern W1 
Case A 

𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟑𝟑𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟑𝟑 

𝟏𝟏 ≤
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤  𝟑𝟑, with 𝟎𝟎.𝟐𝟐 ≤ 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤  𝟎𝟎.𝟕𝟕 

 
Case B  
Extreme Scenario (085901, RI, GE, West)  

𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟗𝟗.𝟐𝟐𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟑𝟑 

𝟎𝟎 <
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤ 𝟔𝟔.𝟒𝟒, with 

𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘

 𝒕𝒕𝒇𝒇𝒕𝒕𝒕𝒕𝒇𝒇𝒇𝒇 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘𝒍𝒍 𝒍𝒍𝒇𝒇 {𝟎𝟎.𝟐𝟐} 
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3.3.5.3.2. W3 and W4 

Table 44: Final corrosion patterns for W3 and W4 without holes (beam ends without a 
diaphragm) - RIDOT 

Auxiliary Sketch  

 

 

Description Pattern W3 
Case A 

𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟔𝟔𝑯𝑯𝟎𝟎, 
𝑪𝑪𝑯𝑯𝟐𝟐𝒕𝒕𝒇𝒇𝒕𝒕𝒘𝒘 𝒕𝒕𝒕𝒕𝒘𝒘 𝒗𝒗𝒇𝒇𝒍𝒍𝒗𝒗𝒘𝒘 𝒍𝒍𝒇𝒇 {𝟏𝟏𝑯𝑯𝟎𝟎}, 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎 <
𝑪𝑪𝑯𝑯𝟑𝟑 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟑𝟑𝑯𝑯𝟎𝟎 <

𝑪𝑪𝑳𝑳𝟐𝟐 < 𝟐𝟐𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟓𝟓𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟑𝟑 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎 <
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟓𝟓 

𝟎𝟎 <
𝑪𝑪𝒇𝒇
𝑯𝑯𝟎𝟎
≤ 𝟐𝟐, with 𝟎𝟎 < 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤  𝟎𝟎.𝟔𝟔  

 

3.3.5.4. Beams ends with a diaphragm 

3.3.5.4.1. W1 and W2 

The goal of this section was to understand the interaction between the parameters of the 
corrosion patterns. To do this, the main trends in patterns W1 and W2 were observed. As 
discussed in the previous sections, patterns W1 and W2 were grouped. Our team was able 
to generate W1 from W2, i.e., W1 can be expressed from the W2 pattern if CL2 is zero. 

Additionally, the existence of the diaphragm makes the understanding of the problem 
harder, as one is not able to predict where the diaphragm will be placed. For this reason, 
in this section, only observed cases of corrosion were plotted. 
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Table 45 : Final corrosion patterns for W1 and W2 without holes (beam ends with a diaphragm) 
- RIDOT 

Auxiliary Sketch  

 

 

Description Pattern W1 
Case A (Report 01807, CT, Span 1, G4, Pier 1) 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟎𝟎.𝟐𝟐𝑯𝑯𝟎𝟎, 𝟎𝟎.𝟑𝟑𝑯𝑯𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟐𝟐.𝟓𝟓𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟏𝟏 ≤
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤ 𝟎𝟎.𝟑𝟑 

𝟎𝟎.𝟑𝟑 ≤
𝑪𝑪𝒇𝒇
𝑪𝑪𝒍𝒍
≤  𝟑𝟑, with 𝟎𝟎.𝟏𝟏 ≤ 𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝒕𝒕𝒇𝒇𝒍𝒍𝒇𝒇𝒇𝒇𝒇𝒇𝒘𝒘
≤ 𝟎𝟎.𝟑𝟑 

 

Case B 
Extreme Scenario (042801, RI, P2, Gk, S3) 
𝟎𝟎 < 𝑪𝑪𝑯𝑯𝟏𝟏 < 𝟏𝟏𝑯𝑯𝟎𝟎, 𝟎𝟎 < 𝑪𝑪𝑳𝑳𝟏𝟏 < 𝟎𝟎.𝟔𝟔𝑯𝑯𝟎𝟎 

𝟎𝟎.𝟏𝟏 ≤
𝒕𝒕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍
𝒕𝒕𝒘𝒘𝒘𝒘𝒘𝒘

≤  𝟎𝟎.𝟕𝟕 

 

 

3.3.6. Vermont 

As discussed earlier in the report, the bridge inspection reports did not provide enough 
documentation to allow the research team to match the corrosion patterns. For this reason, 
it was not possible to account for the most common corrosion topologies. The results the 
research team were able to obtain from the documentation provided by VTrans can be 
found in the Appendix of this report. 
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4. Selection of Bridges 

4.1. Bridges Investigated 

As stated above, our team received a total of 553 inspection reports from the six New 
England States. Among these 553 reports, there were structures with multiple inspection 
reports. This resulted in a final structure database of 515 total bridges across the six New 
England States. From the 553 reports studied, 225 reports were compiled and summarized 
for beam end corrosion data. This allowed our team to gather data for 1,723 beam ends 
as part of the corrosion topology study, from which we selected structures with corroded 
beam end candidates of interest. While there were several structures which were of 
interest to the research team, there were many factors that influenced the research team’s 
ability to receive all of the specimens. Many of these factors were dependent on timing, 
as structures may be scheduled for demolition and the timelines may change; the bridge 
had to be demolished or scheduled for demolition within the project timeline to ensure 
the team received the specimens. Other factors that affected the team’s receiving of the 
beams were directly related to the viability of beam specimens post demolition; there 
were situations where beams were destroyed due to their excessive damage and resulting 
fragility in the demolition process.  

At the beginning of the project, the discussion between states to arrange potential beam 
specimen deliveries was on a bi-weekly to monthly basis. This part of the task was to 
discuss our structures of interest with constant and clear communication between all of 
the New England States. This was crucial as bridge beam specimens are the cornerstone 
of the project and their quantity is directly dependent on when or if a bridge structure is 
demolished or replaced. Once a structure begins undergoing the demolition process, the 
transport and receiving of a given structure’s beam specimens becomes very fast paced 
as storing these components can take up a large amount of space and transporting them 
can be expensive. Additionally, the research team wanted to receive as many of the beam 
ends as possible to ensure a great representation across beam types, corrosion topologies, 
and across all the New England States. 

The following structures were determined to be viable candidates through the corrosion 
topology studies and were structures scheduled for demolition within the project timeline. 
Figures 27 through 32 show the in-place structures before demolition. 
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Figure 27: Connecticut, 02929, Route 80 Deep River 

 

 

Figure 28. Massachusetts, 07U, Savoy  
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Figure 29. Maine, 3801, Jay 

 

Figure 30. New Hampshire, 154/129, Newport 

 

 

Figure 31. Vermont, BR3, Proctor 
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Figure 32. Vermont, BR15, Newbury 

4.2. Beam Specimens Received 

Fortunately, five out of the six states were able to provide the research team specimens 
for section loss analysis and for testing. These beam specimens were stored on site at the 
Brack Structural Testing Facility at The University of Massachusetts Amherst. The 
number of beams received by state can be found in Table 46 below along with the 
specimens present on site in Figures 33 through 37. 

 

Table 46: Beams Received by State 

State Beams Received 

Connecticut 3 

Maine 10 

Vermont 16 

Massachusetts 11 

New Hampshire 12 

Rhode Island 0 

Total 52 
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Figure 33. Connecticut Specimens 

 

 

Figure 34. Massachusetts Specimens 

 

 

Figure 35. Maine Specimens 
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Figure 36. New Hampshire Specimens 

 

Figure 37. Vermont Specimens 

 

It is important here to note the ages of the structures because of their differences in 
corrosion, their beam types, but most importantly their material composition. The 
Connecticut bridge was constructed in 1916; the beams that were received were from a 
different structure and added on as a rehabilitation. The bridge in Jay, Maine was 
constructed in 1941. The New Hampshire structure we received beam specimens from 
was constructed in 1984. Finally, the Proctor and Newbury Vermont bridges were 
constructed in 1936 and 1946 respectively. 

As the project progressed the research team also made site visits to many bridges to 
investigate beam end conditions and to see if there were specimens of interest for testing. 
The team performed 3D scans on site for each of these visits to see the damage on the 
desired beam ends. These site visits were very beneficial on a multitude of scales. For a 
few states, the site visits gave more insight into the damage present on the structure, 
helped with the documentation for their records, and even assisted in pushing for repair 
on structures. Other site visits were for the team to decide if beam specimens would be 
viable for testing. Two of these occurred in Massachusetts where the research team went 
on site to photograph and scan the corroded beam ends to document the corrosion. For 
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these cases, the beams ultimately were not chosen for testing due to their similarity to 
previous tests or their excessive damage. 

4.3.  Beam Specimen Documentation and Testing Rig 

For the specimens that were received by the New England States, many reports included 
the steel beam shapes of the beam specimens being received by the University of 
Massachusetts Amherst. If they were not included in the inspection reports, the 
information was given by the individual states. This documentation was done as a 
baseline check of the beam specimens being delivered but also for the researchers to 
check against with their own laboratory measurements.  

 

Once delivered to the university, the research team took measurements to compare to the 
documentation provided by the states. This was a check performed as there are instances 
where the beams on a bridge structure do not match the as-built drawing callouts. 
Additionally, these initial measurements were important for selecting the correct 
arrangement of the structural testing rig. The outline of this process can be found in the 
flowchart in Figure 38 below. 

 
Figure 38. Structural Rig Flow Chart 

 

The outcome of the flow chart above would determine if the original structural testing rig 
needed modification. The original rig components were designed for the corroded beam 
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ends project conducted by Tzortzinis in [28]. In this project, the corroded specimens were 
loaded from the top of the beam specimen [28]. This rig was then modified which allowed 
for a higher loading to be applied via direct loading/shear application. Corroded beams 
specimens are loaded from the bottom at the corroded end. This is to ensure that a shear 
failure mode and the true capacity of the end is reached and that undesirable failure 
modes, such as flexure, are avoided. Additionally, there are C-channels which were 
welded to threaded rods connected to W12x40s which stand vertically along the length 
of the beam. These C-channels have an attached low friction plastic attached to the outside 
of their webs. Ultimately, these channels face the beam with the plastic almost touching 
the edge of the top flange. This is to ensure bracing to prevent lateral torsional buckling 
modes and the beam from dangerously falling out of the testing rig while also allowing 
for ease of vertical movement for the beam specimen. The back support was a steel plate 
that rested on the 100 kip load cell. Both the crossbeam and the corroded end were grouted 
on the flange, this was to ensure continuity in the loading process and a flat, leveled 
loading surface as to not introduce eccentricity. A key component that was utilized in the 
first two experiments was a roller support under the corroded end, courtesy of MassDOT. 
For the modifications made for the larger beam specimens from Maine (experiments three 
through twelve), the roller had to be removed. The corroded end in experiments three 
through twelve sat directly on the load beam above the hydraulic rams. The hydraulic 
rams had caps that allowed for movement to mimic a roller when the MassDOT roller 
was not utilized. Below the beam specimen, two linear string potentiometers were used 
for displacement measuring in the loading process, one located close to the area of 
loading, and one located below the crossbeam. A rack of six linear rod potentiometers 
was also utilized in the experiments. This rack was placed so the potentiometers could 
measure the out of plane web displacement along the height of the web throughout the 
loading process until buckling occurred. The base rig used for this project is shown below 
in Figure 39 and Figure 40.  
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Figure 39. Structural Rig 

The load beam above the hydraulic rams is a W10x77 with 4-1/2”x1/2” stiffener plates. 
The crossbeam is composed of two W12x58 with three 12”x18”x1-1/2” plates on the 
top and bottom and 4”x 1/4” plates used for stiffeners. There are two threaded rods 
connecting the crossbeam to anchor blocks in the strong floor. The anchor blocks are 
composed of a 16”x”12”x2-1/2” top plate, a 16”x”12”x1-1/2” bottom plate, 1-1/2” thick 
side plates. 

 
Figure 40. Structural Rig A-‘A View 

The following instrumentation was used during the experiments for recording data: 

• 6: 3.937 inch Linear Rod Potentiometers (TR-0100 by Novotechnik) 
• 2: 10 inch Linear Motion Transducer String Potentiometers (Ametek P-10A) 
• 2: 200 kip Omega Load Cells at Crossbeam (Omega LC8400-213-200k) 
• 1: 100 kip Load Cell at Back of Beam (Lebow 3176-100k) 
• 1: 10 kip Pressure Transducer (THE Honeywell) 
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4.4.  Beams Prioritized for Testing 

Beams that were visually viable for testing moved into the next phase of the process. This 
phase would include removing bearing plates if present on the beam and removing rust 
and paint on the web specifically at the tested beam end. This allowed the researchers to 
analyse the true section loss exhibited on the corroded end.  

Each beam specimen was cleaned on the web of the specimen to remove rust, paint, and 
other debris. Additional cleaning with a hammer or paint chipping tool was needed in 
some cases to remove pack rust. The descaling was performed by the researchers and 
maintenance crews from the University of Massachusetts Amherst. The tools utilized and 
descaling processes were thoroughly investigated and overseen by the Environmental 
Health and Safety office of the University of Massachusetts Amherst. Appropriate 
personal protection equipment (PPE) was worn when operating the machinery which 
included a PAPR Respirator and shield, safety goggles, gloves, and proper protective 
footwear and clothing. The main tool used for descaling was a Model 40 DESCO Needle 
gun with a Dominator 6-gallon ULPA Filter vacuum. This equipment used pressurized 
air to push steel needles onto the surface of an object to clean off the debris. The DESCO 
was regularly checked for bag cleaning and, when in operation, for a specific operating 
pressure set on the attached air compressor to make sure the tool was used in the ideal 
range for cleaning and not too high as to induce tool damage. 

4.5.  Beams Selected as Untestable 

There were several beams received from different states in our inventory that could not 
be tested. It was our goal to limit the number of beams that had to be discarded and 
deemed untestable. The main two criteria that lead to a beam being flagged as untestable 
were due to limited damage or extreme damage. These two criteria are explained at length 
below. 

4.5.1.  Limited Damage Criterion 

Beams that were flagged with the limited damage criterion were done via visual 
inspection. The beams that fell under this labelling exhibited little to no damage at the 
end. This would mean that the team may observe a different failure mode of the beam 
rather than a beam end failure. Thus, the beam end capacity would not accurately be 
captured. Additionally, the beams that we received that had limited beam end 
deterioration were often too strong, having a capacity too large to induce failure with our 
current equipment.  



100 
 

 
Figure 41. Limited Damage Steel Beams 

4.5.2.  Extreme Damage Criterion 

Beams that were flagged with the extreme damage criterion were done via visual 
inspection. The beams that fell under this labelling exhibited excessive damage at the end. 
In many of these cases, the beams under this criterion could not be properly placed into 
the testing rig and were too damaged to accurately estimate residual capacity. This 
damage could have been due purely to environmental conditions, but in the case of Figure 
42, the extreme corrosion was present then the beam end was destroyed in the demolition 
process. There are many other beam specimens that the research team investigated where 
one beam had two corroded ends. There are instances where one corroded end was 
deemed untestable, but the specimen was kept to test the other end which was deemed 
testable via our protocol. This was the case for many of the New Hampshire beam 
specimens received and pictured in Figure 43. 

 
Figure 42. Extreme Damage Criterion, Vermont Beams 
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Figure 43. Extreme Damage Criterion, New Hampshire Beams 

4.5.3.  Final comments on untestable Specimens 

It is important to note that these two criteria were originally established for a way to 
prioritize testing but ended up being used as a method for discarding the beams. It was 
the goal of the team to test all of the beams received. The beams chosen to be shipped to 
the University of Massachusetts were selected via the inspection reports. Since many of 
the inspection reports across the New England States vary in their documentation of 
deterioration, there were cases where the deterioration amounts and locations were not 
known to the research team until their arrival on site. The team then carried out rigorous 
calculations and inspection of the beams in question before ultimately deciding they were 
untestable. Additionally, it is important to note that there were many beams with 
significant damage present on many structures that were severely damaged in their 
removal. After receiving these beams, it was determined through inspection and long 
discussion that they were untestable via the extreme damage criterion. 

4.6. Beam End Corrosion Documentation 

4.6.1.  State Methods of Inspection 

As part of the project communications, the research team met with each of the state’s 
departments of transportation to discuss the current state of practice regarding each state’s 
methods. It was a major goal of the team to test current inspection methods, understand 
the challenges of inspectors, and introduce new methods for evaluating section loss on 
bridge girders. 

A major topic of discussion was the challenges that are faced by bridge inspection teams. 
The main challenges that were the most prominent and immediately brought to our 
attention by the state departments of transportation were accessibility, debris/obstructions 
on or around the structure and its components, and measurement accuracy. As stated 
throughout, the major goal of this project was to evaluate current capacity evaluations 
among all the New England States, with the heaviest focus on the actual evaluation 
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equations. While this was still the focus, the research team felt it necessary to investigate 
solutions to challenges that inspectors have on site to fully encapsulate the goal. 

The states that the team was able to meet with shared that their current methods of 
inspection heavily depend upon a combination of visual inspection and tools such as an 
ultrasonic thickness gauge, slide callipers, straight edges, and/or levels. With these tools 
comes great hurdles for inspectors due to measurement limitations, inaccuracy, and 
accessibility. For measuring web thickness in particular, ultrasonic thickness gauges and 
slide callipers are often used but are limited to one point measurement at a time, a need 
for an extremely clean measurement surface, and for the tools to be placed directly on 
points of interest. These tools make it very difficult to evaluate the entire corrosion profile 
and to measure major corrosion conditions like pitting. 

Knowing the major challenges inspectors face with accessibility and current measurement 
tools, the team took the opportunity to utilize advanced technology and methods for 
section loss evaluation. Along with the use of the current tools listed above, the research 
team utilized 3D scanning technologies to evaluate the section loss of a corroded end. 
This section is dedicated to showing the culmination of section loss evaluation performed 
throughout the project. 

 

4.6.2. Utilization of Existing Methods 

For the first six experiments, the research team utilized the PocketMIKE ultrasonic 
thickness gauge for thickness measurements on the corroded end [50]. This tool, or an 
equivalent ultrasonic thickness d-meter, is typically utilized by inspectors for an on-site 
bridge inspection of corroded ends when a thickness reading is necessary. Following the 
cleaning of the corroded end, the team devised a grid on the web for measurements to be 
taken. This grid was constructed by attaching chicken wire via magnets and spray painting 
over it. While it is typical to take one or a few thickness measurements in the field, many 
of which are at the discretion of the inspector based on visual inspection rather than a 
prescribed location. The researchers took very thorough measurements, particularly at the 
base of the web where capacity is governed. A figure depicting this measurement grid 
can be seen below in Figure 44. The team found the PocketMIKE’s reliability and 
accuracy very challenging even in a laboratory environment which prevented the team 
from getting accurate measurements in pitted regions. The use of LiDAR and 3D 
Scanning however, was able to accurately measure this phenomenon and the entire 
section loss observed at the beam end. 
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Figure 44. Measurement Grids 

 

4.6.3.  LiDAR and 3D Scanning Protocols 

Experiments one through six were scanned using the RIEGL VZ2000 terrestrial LiDAR 
scanner [52, 53]. Because the terrestrial scanner remains stationary during the scanning 
process, the team had to utilize target points to align multiple scans. For the terrestrial 
scanner, target points were placed around the beam specimen in the lab. For these targets, 
the research team utilized a checkerboard pattern that could be easily placed around the 
beam specimen. Along with these reference points, the team could use points already 
present around the Brack Structural Testing Facility, such as a corner point on the steel 
testing rig. The alignment of point clouds followed the protocol that was devised by the 
research team and utilized methods of Tzortzinis in [29]. Using the open-source platform 
CloudCompare [51], these point clouds were aligned using the references above. Once 
aligned, the two sides of the corroded web can be compared, and a distance measurement 
can be calculated. Utilizing this data and codes designed by our research team in 
MATLAB, contour maps depicting the section loss of the beam end can be created. These 
contour maps were cross checked with measurements taken by the Pocket Mike ultrasonic 
thickness gauge to ensure an accurate representation of the corroded end [50]. The 
finalized contour was used as a representation of the section loss and was ultimately 
incorporated into the finite element simulations of the experiments via Python in the finite 
element analysis program ABAQUS [49]. 

 
Figure 45. REIGL VZ-2000 Terrestrial Scanner and Corroded Beam Point Cloud 
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Experiments seven through twelve were scanned using the Artec LEO 3D Scanner. With 
this technology, target surfaces, lettering, magnetic spheres, were primarily used along 
with supplemental target checkerboards and lettering. Unlike the RIEGL Scanner, the 
Artec LEO encourages constant movement, and its small size allowed the research team 
to capture multiple types of scans. This included the two-sided scan like the RIEGL had 
done but also what the team refers to as “closed loop scans”, where both sides of the beam 
specimen are captured without the need of alignment. If scans were performed using a 
multiple scan, two-sided method, the team utilized its created methods of alignment using 
point picking and the auto-alignment features of Artec Studio [52]. The Artec Leo scanner 
with a sample scan using the sphere targets can be seen in Figure 46. 

 
Figure 46. Artec Leo Scanner and sample scan with setup 

4.7.  Beam Dimensions 

Each specimen had to be measured, particularly the corroded web. Using the provisions 
generated by Tzortzinis for MassDOT in [47], the average web thickness in the corroded 
region and the initial out of plane web deviation was determined. For the corroded web 
region, the average thickness was taken from point cloud data. Out of plane web deviation 
is very difficult to measure in practice; the research team utilized a combination of straight 
edges, calliper measurements, and laser levels to evaluate this measurement. This 
measurement was classified into the closest parameter for web deviation (i.e. 0.1, 0.5, or 
1 tweb). Additionally, the average thickness of the bottom flange was found via handheld 
measurement tools and point cloud measurements. These measurements can be found for 
each specimen in Table 47. 
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Table 47. Beam Specimen Measurements 

State and 
Number 

(Experiment) 

Average 
Web 

Thickness 
in CL x 4 

inch area at 
base of web 

(MA 
Provisions) 

Intact 
Web 

Thickness 
(Inches) 

Average 
Thickness 
of bottom 
flange at 
corroded 

end 
(Inches) 

Intact 
average 
flange 

Thickness 
(Inches)  

Web 
Deviation 
(.1t_web, 

.5t_web, or 
1t_web) 

Beam Depth 
(inches) 

CT 1 (Exp1) 0.43 0.51 0.54 0.765 0.5 20 

CT 2 (Exp 2) 0.38 0.42 0.46 0.68 0.5 24 

ME 1 (Exp 3) 0.46 0.58 0.73 0.88 0.1 33 

ME 2 (Exp 4) 0.55 0.58 0.61 0.88 0.1 33 

ME 3 (Exp 5) 0.51 0.58 0.68 0.88 0.1 33 

ME 4 (Exp 6) 0.48 0.58 0.69  0.88 0.1 33 

ME 5 (Exp 7) 0.45 0.58 0.62 0.88 0.1 33 

ME 6 (Exp 8) 0.52 0.58 0.62 0.88 0.1 33 

ME 7 (Exp 9) 0.50 0.58 0.71 0.88 0.1 33 

ME 8 (Exp 10) 0.55 0.58 0.78 0.88 0.1 33 

ME 9 (Exp 11) 0.56 0.58 0.71 0.88 0.1 33 

ME 10 (Exp 12) 0.50 0.58 0.73 0.88 0.1 33 
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5.  Finite Element Modeling 

For each of the twelve experiments, finite element models were created to replicate the 
experiments performed in the laboratory testing portion of the project. The research team 
developed finite element models in correlation with work conducted by Tzortzinis in 
previous MassDOT projects on corroded ends [28]. The program used to model each of 
the beam specimens was ABAQUS. Each corrosion profile contour was created in 
MATLAB and was imported using in-house codes via Microsoft Excel and Python. The 
beam measurements used to create the model were based on lab measurements, inspection 
reports, and engineering judgement. 

The beam components were all created using shell elements. These shell elements would 
be assigned thickness values pertaining to the thickness of the beam section, such as 
flange thickness and web thickness. For corroded sections, the levels of the corrosion 
contour maps would be used as the thickness inputs. All of the shell thicknesses use a 
middle surface assignment to avoid any possible unexpected problems with eccentric 
loading or displacement. Each model was composed of S3 and S4R shell elements to 
accommodate the nonuniformity of the corrosion patterns present at the beam end. These 
elements are typical shell elements, S3 is a three sided shell element while the S4R is a 
four sided shell element. The team performed mesh convergence for models of this type 
previously through models made in [28, 29].  

The same material properties were assumed across all twelve experiments and 
simulations performed on the beam specimens. Based on the age of the structure and the 
beam type, the research team decided to use the steel properties found by Tzortzinis in 
[28]. The web was considered to be steel with a yield stress of 46 ksi and an ultimate 
stress of 64 ksi. The material properties for the flanges were considered to be steel with a 
yield stress of 38 ksi and an ultimate stress of 63.9 ksi. Both materials were assumed to 
be elastic with linear hardening. 

The beam model contained several boundary conditions which pertained and were used 
to simulate the real conditions within the laboratory experiments. The back reaction was 
assumed to be a “pinned” reaction and the crossbeam and threaded rods were modeled as 
a spring. The spring stiffness was assumed to be 593.855 kip/in as a baseline from 
experiments conducted by Tzortzinis in [29] but was then tailored and fine-tuned (reduced 
or increased) based on experimental results if necessary. For the loaded end, the boundary 
conditions were selected to simulate a “roller” as the team felt it was the best 
representation of the roller support provided by MassDOT and could also simulate the 
load beam which was free to behave as a roller support when the MassDOT support was 
not used. Finally, the lateral torsional buckling supports were applied as constraints 
directly on the beam’s top flange in the locations for which they were present in the 
laboratory experiment. Additionally, it is important to note that experiments three through 
twelve all had plates attached as a bracing system for the bridge, these bolted/riveted 
plates were not considered in the simulation or the capacity estimation process as they 
were not attached to the flanges of the beam, spanned most of the web but not the entirety, 
and did not lie within the lengths for which average thickness was taken. While the plates’ 
presence here could influence the stiffness of the system, they would not add capacity to 
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the corroded end. A diagram of the finite element simulation model can be found in Figure 
47.  

 
Figure 47. Finite Element Model 

Each specimen had an eigenvalue analysis performed where the team could analyze the 
potential failure modes and what would be entered into the static model as an initial 
imperfection. The eigenmode chosen for this imperfection was based on two features: the 
failure mode of the beam and the measured initial web deviation of the beam. This initial 
web deviation was measured in accordance with Tzortzinis and MassDOT in [28,47]. The 
research team utilized a combination of straightedges, laser levels, and caliper 
measurements to accurately estimate the initial web deviation, or initial imperfection, 
present on the beam. This estimation and measurement ultimately guided the team as to 
what mode and how much deviation was implemented into the static analysis. 

The static analysis was a two-step process, the first for the application of self-weight and 
the weight of the crossbeam, and the second for the loading to induce beam end buckling. 
The self-weight for each beam was assumed based on inspection reports, lab 
measurements of the beam geometry, and engineering judgement. A load for the 
crossbeam was also applied in this step. In the second step where the beam end was loaded 
until failure, a vertical displacement was applied to a reference point below the corroded 
end. This point was connected to the entire bearing surface below the corroded end, so 
the model distributed load in the same way as the laboratory tests. 

There were many key assumptions made in the modelling of the beam specimens. The 
first key piece of the model is the contour maps used to describe the corrosion profile 
present on the beam. Contour maps have been used by the research team in previous 
projects with MassDOT to describe the remaining thickness of corroded ends; with this 
there is an assumption that each level of the remaining thickness contour map takes a 
particular value of “thickness” based on the bounds of the contour. Other key assumptions 
that were made in the modelling process were averaging flange thicknesses for beams 
that have varying thicknesses and averaging the corroded thickness of the flange in the 
area of the bearing. The intact flange measurements were based on lab measurements and 
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beam manual dimensions where the corroded flange sections were based on lab 
measurements and point cloud measurements. 

The finite element models still require some fine-tuning adjustments, but the current 
models are considered for this report. The final versions of these models will be included 
and documented in papers outside of this report. 
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6. Laboratory Testing 

All of the loading experiments were conducted in the Brack Structural Testing Facility at 
the University of Massachusetts Amherst. Each beam was checked and selected for 
testing based on the criteria highlighted in Section 4.5.  Each specimen was loaded in the 
testing rig shown in Section 4.3 of this report. This testing rig would be modified based 
on the size and damage of each of the beams. To avoid multiple modifications, specimens 
with similar size and from the same bridge were tested in order. Planning and executing 
testing using this strategy was to limit the delay between tests to ensure the team could 
test as many specimens as possible in the project timeline. 

In each of the twelve experiments conducted in this project, failure in the form of beam 
end web buckling was achieved through either web yielding or web crippling. This was 
expected via preliminary predictions of the research team and based on previous work 
done by Tzortzinis et. al. in the MassDOT project conducted in a similar way here at the 
University of Massachusetts Amherst [28]. Overall, the project’s experiments were a 
success as the desired failure and true remaining capacity of the corroded end was 
achieved and captured. 

The following section contains the details of each beam specimen tested. In total, twelve 
experiments were conducted, two beams from the state of Connecticut and ten from the 
state of Maine. Photos of the beams prior to testing were taken on each side of the 
corroded end. The section loss evaluation via 3D scanning is represented here by 
corrosion contour maps. For experimental results, there are photographs of the final 
buckled shape of the beam after load testing. Each specimen was loaded until beam end 
failure occurred in the specimen. It is important to note that the difference in results 
between the two linear string potentiometers placed below the beam specimen was used 
in calculating the displacement curve of the experiment and finite element analysis. The 
load-displacement curves for the experiments and the corresponding finite element 
simulations are present for each of the twelve specimens tested within this project.  
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6.1.  Specimen 1 

Specimen 1 was assumed to be a 20” deep American Standard from the 02929 bridge on 
Route 80 in Deep River, Connecticut. This beam type was assumed based on the structural 
drawings, our own in-lab measurements, and engineering judgment. The beam was used 
as an addition in efforts to rehabilitate the structure. It came from another structure before 
being placed on the 02929 bridge. The section loss profile was created using the RIEGL 
VZ-2000. This profile can be found in Table 48. The section loss profile was one that the 
research team had not observed before and had a semi-circular profile with heavy 
corrosion at mid-height. The corrosion length was taken to be 3 inches. The experimental 
capacity of the corroded end was 129.8 kips. The experimental and finite element load-
displacement curves can be found in Table 49. 

Table 48. Specimen 1 Corrosion Profile 

 
 

 

 
 

 

Table 49. Specimen 1 Experimental Results 
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6.2.  Specimen 2 

Specimen 2 was assumed to be a 24” deep CB 241-19 from the 02929 bridge on Route 
80 in Deep River, Connecticut. This beam type was assumed based on the structural 
drawings, our own in-lab measurements, and engineering judgment. The beam was used 
as an addition in efforts to rehabilitate the structure. It came from another structure before 
being placed on the 02929 bridge. The section loss profile shown in Table 50 was created 
using the RIEGL VZ-2000. The corrosion length was taken to be 11.8 inches. The 
experimental capacity of the corroded end was 113.3 kips. One can observe in the 
experimental loading a sudden jump down in displacement at around 90 kips applied, this 
is likely due to settling in the system during a loading pause and slipping of the string 
potentiometers which were hooked below the specimen. The experimental and finite 
element load-displacement curves can be found in Table 51. 

Table 50. Specimen 2 Corrosion Profile 

 
 

 

 
 

 

Table 51. Specimen 2 Experimental Results 
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6.3.  Specimen 3 

Specimen 3 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 52 was created using the 
RIEGL VZ-2000. The corrosion length was taken to be 13.315 inches. The experimental 
capacity of the corroded end was 199.8 kips. The experimental and finite element load-
displacement curves can be found in Table 53. 

Table 52. Specimen 3 Corrosion Profile 

 

 

 

 

 

Table 53. Specimen 3 Experimental Results 
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6.4.  Specimen 4 

Specimen 4 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 54 was created using the 
RIEGL VZ-2000. The corrosion length was taken to be 13.315 inches. The experimental 
capacity of the corroded end was 284.5 kips. The experimental and finite element load-
displacement curves can be found in Table 55. 

Table 54. Specimen 4 Corrosion Profile 

 

 

 

 

 

Table 55. Specimen 4 Experimental Results 
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6.5.  Specimen 5 

Specimen 5 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 56 was created using the 
RIEGL VZ-2000. The corrosion length was taken to be 11 inches. The experimental 
capacity of the corroded end was 224.1 kips. The experimental and finite element load-
displacement curves can be found in Table 57. 

Table 56. Specimen 5 Corrosion Profile 

 
 

 

 
 

 
 

 

Table 57. Specimen 5 Experimental Results 
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6.6.  Specimen 6 

Specimen 6 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 58 was created using the 
RIEGL VZ-2000. The corrosion length was taken to be 12 inches. The experimental 
capacity of the corroded end was 211.1 kips. One can observe in the experimental loading 
a sudden jump down in displacement at around 10 kips applied, this is likely due to 
settling in the system during an initial loading pause. The experimental and finite element 
load-displacement curves can be found in Table 59. 

Table 58. Specimen 6 Corrosion Profile 

 
 

 

 
 

 
Table 59. Specimen 6 Experimental Results 
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6.7.  Specimen 7 

Specimen 7 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 60 was created using the 
Artec Leo. The corrosion length was taken to be 13.315 inches. The experimental capacity 
of the corroded end was 230.1 kips. The experimental and finite element load-
displacement curves can be found in Table 61. 

Table 60. Specimen 7 Corrosion Profile 

 
 

 

 
 

 

Table 61. Specimen 7 Experimental Results 

 

 



117 
 

6.8.  Specimen 8 

Specimen 8 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 62 was created using the 
Artec Leo. The corrosion length was taken to be 11.39 inches. The experimental capacity 
of the corroded end was 253.2 kips. The experimental and finite element load-
displacement curves can be found in Table 63. 

Table 62. Specimen 8 Corrosion Profile 

 
 

 

 

 

 

Table 63. Specimen 8 Experimental Results 
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6.9.  Specimen 9 

Specimen 9 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This beam 
type was assumed based on the structural drawings, our own in-lab measurements, and 
engineering judgment. The section loss profile shown in Table 64 was created using the 
Artec Leo. The corrosion length was taken to be 13.315 inches. The experimental capacity 
of the corroded end was 257.3 kips. The experimental and finite element load-
displacement curves can be found in Table 65. 

Table 64. Specimen 9 Corrosion Profile 

 
 

 

 
 

 

Table 65. Specimen 9 Experimental Results 
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6.10. Specimen 10 

Specimen 10 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This 
beam type was assumed based on the structural drawings, our own in-lab measurements, 
and engineering judgment. The section loss profile shown in Table 66 was created using 
the Artec Leo. The corrosion length was taken to be 13.315 inches. The experimental 
capacity of the corroded end was 297.6 kips. The experimental and finite element load-
displacement curves can be found in Table 67. 

Table 66. Specimen 10 Corrosion Profile 

 
 

 

 
 
 

 

 

Table 67. Specimen 10 Experimental Results 
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6.11. Specimen 11 

Specimen 11 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This 
beam type was assumed based on the structural drawings, our own in-lab measurements, 
and engineering judgment. The section loss profile shown in Table 68 was created using 
the Artec Leo. It is important to note there was a calibration error that occurred in one of 
the linear string potentiometers for displacement measurements, so this specimen only 
considers displacement closest to the crossbeam and not the difference between the two 
linear displacement measurements. The experimental capacity of the corroded end was 
267.1 kips. The experimental and finite element load-displacement curves can be found 
in Table 69. 

Table 68. Specimen 11 Corrosion Profile 

 
 

 

 

 

 

Table 69. Specimen 11 Experimental Results 
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6.12. Specimen 12 

Specimen 12 was assumed to be a B33x132 from the 3801 bridge in Jay, Maine. This 
beam type was assumed based on the structural drawings, our own in-lab measurements, 
and engineering judgment. The section loss profile was created using the Artec Leo and 
can be found in Table 70. The corrosion length was taken to be 13.315 inches. The 
experimental capacity of the corroded end was 232.3 kips. The experimental and finite 
element load-displacement curves can be found in Table 71. It is important to note there 
was a calibration error that occurred in one of the linear string potentiometers for 
displacement measurements, so this specimen only considers displacement closest to the 
beam end and not the difference between the two linear displacement measurements.  

Table 70. Specimen 12 Corrosion Profile 

 
 

 

 
 

 
Table 71. Specimen 12 Experimental Results 
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7. Data Results and Discussion 
7.1.  Experimental and Finite Element Capacities 

All the peak loads achieved in the experiments and finite element simulations can be 
found in Table 72. Buckling failure at the corroded end was achieved in each experiment 
and was achieved in the finite element simulations. There are many cases where the peak 
loads achieved in the finite element analyses were reasonably close to the predicted and 
the resulting capacities found in the experiments. There were some discrepancies between 
the experimental and simulated results particularly at the beginning of the loading 
process; the team attributes this to being from the settlement and closing of any gaps in 
the system, particularly between supports. Following the onset of loading, one can see 
from the graphs that the stiffnesses of both the experimental and simulation systems 
aligned reasonably well with one another. We have found that material properties, most 
importantly the yield stress, likely contributes to a simulated underprediction of the 
experimental capacity. The research team found, based on all the assumptions made in 
the modelling process, that the resulting finite element peak loads were sufficient and 
credible. 

Table 72. Summarized Experimental and Finite Element Capacities 

State and 
Number 

(Experiment) 

Yield 
Assumed 

(ksi)  

Peak 
Experimental 

Loads 
(kips) 

Peak Finite 
Element Analysis 

Loads 
(kips) 

Percent 
Error 

CT 1 (Exp1)  46 129.76 130.32 0.43 % 

CT 2 (Exp 2)  46 113.27 100.50 12.71 % 

ME 1 (Exp 3)  46 199.81 173.47 15.18 % 

ME 2 (Exp 4)  46 284.48 232.31 22.46 % 

ME 3 (Exp 5)  46 224.14 222.71 0.64 % 

ME 4 (Exp 6)  46 211.06 223.10 5.40 % 

ME 5 (Exp 7)  46  230.08 183.32 25.51 % 

ME 6 (Exp 8)  46 253.196 241.06 5.03 % 

ME 7 (Exp 9)  46 257.31 237.49 8.35 % 

ME 8 (Exp 10)  46 296.4 246.65 20.17 % 

ME 9 (Exp 11)  46 267.96 258.24 4.17 % 

ME 10 (Exp 12)  46 232.32 243.18 4.47 % 
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It is important to note the other factors that could contribute to error in the case of 
experimental and finite element results. A major source of error in the experimental 
process was minor equipment errors in the experimental rig. There were cases in the 
experiments where string pots to measure the vertical displacement of the beam were 
dislodged from the beam specimen or reached their minimum length due to excessive 
displacement. Additionally, there were occasions where the data acquisition readings 
could have been skewed due to voltage and power issues due to outputs from the sensors.  

The major source of error in the scanning process was due to beam cleaning. The beam 
specimens had to be cleaned rigorously but there were occasions where some very hard 
pack rust or minor surface level rust could not be removed. This can ultimately introduce 
minor error via scanning results and ultimately predictions and finite element results.  

An additional source of error that could arise in the scanning process was in scan 
alignment. While closed-loop scanning can be utilized in the lab environment, it is often 
not as common in the field. For two-sided scanning, the minor errors from alignment can 
be heavily mitigated by visual and numerical inspection in cloud compare, or even 
thickness checkpoints found with other equipment such as an ultrasonic thickness gauge 
or slide calliper. Even considering these possible sources of error, the scanning methods 
of the research team provide data with higher accuracy than tools like the ultrasonic 
thickness gauge and can provide an entire corrosion profile as opposed to a point-by-point 
measurement or visual inspection method. 
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8. Analytical Procedures by State 
To evaluate the analytical procedures of each New England state, the research team 
maintained strong communication with each of the departments of transportation. The 
team met with many of the New England States to investigate typical inspection and 
documentation methods for bridge structural evaluations. These meetings gave good 
insight into what is used to evaluate the capacity of individual components and ultimately 
load rate the entire structure. From here, the research team investigated the capacity 
estimation and load rating procedures provided by each state to compare them directly to 
the experiments conducted throughout the project. The equations and calculations of 
interest include each state’s methods for determining the remaining capacity of a corroded 
end via the web local yielding and web local crippling failure criteria. 

8.1. . CTDOT Provisions 

The Connecticut provisions for evaluating the remaining capacity of corroded beam ends 
were provided via an Excel spreadsheet. In this spreadsheet, each beam specimen was 
entered with their baseline dimensions. Section losses were then applied to those base 
dimensions based on what was observed and calculated by the research team. Because 
this tool is used by CTDOT, there were no fundamental modifications made to the 
spreadsheet and the team used it as an inspector would but only with a focus on the 
unstiffened parameters. The equations used are in accordance with the BDS and MBE 
provisions, for unstiffened webs this is Appendix D6.5 of BDS specifically. The research 
team only considered the unfactored capacities as the results would be compared to other 
state procedures and the real experimental tests. An example of the spreadsheet pages 
used from CTDOT are found in Figure 48 below. 

 

 
Figure 48. CTDOT Spreadsheet and Provisions Example, Adapted from CTDOT Load 

Rating Spreadsheet [56]  
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8.2.  MassDOT Provisions, Tzortzinis Equations 

The Massachusetts provisions for evaluating the remaining capacity of corroded beam 
ends were provided via the most current provisions under review for the MassDOT Bridge 
Manual [47]. These provisions revised the MassDOT procedures and introduced the 
consideration of the web deviation parameter and the Corrosion Length (CL) parameter. 
The out of plane web deviation parameter was measured in the laboratory and determines 
the given parameters utilized for the web crippling equation. The larger the initial web 
imperfection, the lower the capacity. The CL parameter is bounded from half of the 
bearing length (N/2) to N+md, the bearing length plus the beam depth multiplied by a 
parameter “m” which is dependent on web deviation. Additionally, the tave parameter is 
the average thickness taken within this N+md length. The research team only considered 
the unfactored capacities as the results would be compared to other state procedures and 
the real experimental tests. An example of the equations used by for the MassDOT 
capacity estimations can be found in Figure 49 below. 

 

 

 

 

 

Figure 49. MassDOT Equation Example for Bearing Length/Beam Depth >0.2, 
Photographs from MassDOT Bridge Manual (under review) [47] 
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8.3.  MaineDOT Provisions 

The Maine provisions for evaluating the remaining capacity of corroded beam ends were 
provided via their Load Rating Guidelines and a Load Rating Example. The specific 
provisions used are AASHTO LRFD [30-31]. For context, a key parameter here is db 
which refers to depth of the web. The research team only considered the unfactored 
capacities as the results would be compared to other state procedures and the real 
experimental tests. The average thickness of the web for the yielding calculation is done 
over the length 2.5k+N, where N is the bearing length and k is length of the web toe fillet 
plus the flange thickness. There was a different parameter utilized called hsl in the load 
rating examples and provisions that calculated the average thickness based on the height 
of the section loss; the team discussed with Maine inspectors, and it was decided to not 
use this parameter. Therefore, the team assumed the average web thickness for crippling 
is taken over the bearing length N. An example of the equations used by MaineDOT for 
capacity estimations can be found in Figure 50. 

 

 

Figure 50. Maine Corroded End Capacity Estimation Example, Adapted from MaineDOT 
2238 Load Rating [31] 

8.4.  NHDOT Provisions 

The New Hampshire provisions for evaluating the remaining capacity of corroded beam 
ends were provided via their Load Rating Guidelines and a Load Rating Example. The 
specific provisions used are AASHTO LRFD [30]. The main difference between New 
Hampshire and Maine’s use of this provision is the use of full beam depth versus web 
depth. You will notice New Hampshire uses the full beam depth here as opposed to 
Maine’s utilization of db. The average thickness of the web for the yielding calculation is 
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done over the length 2.5k+N, where N is the bearing length and k is length of the web toe 
fillet plus the flange thickness. The average web thickness for crippling was assumed to 
be taken over the bearing length N based on what was stated in the examples and 
provisions. The research team only considered the unfactored capacities as the results 
would be compared to other state procedures and the real experimental tests. An example 
of the equations used by NHDOT [25] for capacity estimations can be found in Figure 
51. 

 
Figure 51. New Hampshire Corroded End Capacity Estimation Example, Adapted from 

New Hampshire Load Rating Francestown 142-160 [25] 

8.5.  RIDOT Provisions 

The Rhode Island provisions for evaluating the remaining capacity of corroded beam ends 
were provided via an Excel spreadsheet. In this spreadsheet, each beam specimen was 
entered with their baseline dimensions. Section losses were then applied to those base 
dimensions based on what was observed and calculated by the research team. Because 
this tool is used by RIDOT, there were no fundamental modifications made to the 
spreadsheet and the team used it as a load rater would but only with a focus on the 
unstiffened parameters. The RIDOT spreadsheet provided extensive documentation and 
figures for guidance in the process that were imbedded in the spreadsheet. The average 
thickness of the web for the yielding calculation is done over the length 2.5k+N, where 
N is the bearing length and k is length of the web toe fillet plus the flange thickness. The 
average web thickness for crippling is taken over the bearing length N. Additionally, there 
was a provision for interior-pier reactions as well as concentrated loads applied away 
from the end at a distance of the beam depth (d) or greater. For uniformity and because 
both sets of beams tested were from single-span structures, this provision was assumed 
to be negligible. The research team only considered the unfactored capacities as the 
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results would be compared to other state procedures and the real experimental tests. An 
example of the spreadsheet pages used from RIDOT [26] are found in Figure 52. 

 
Figure 52. RIDOT Spreadsheet Example, adapted from RIDOT Load Rating Spreadsheet 

[26] 

8.6.  VTrans Provisions 

The procedures to evaluate corroded ends from the state of Vermont are done per the 
MBE provisions via 6A.6.5 Effects of deterioration on Load Rating [27]. Along with this, 
field measurements are taken and there is visual inspection conducted to evaluate loss in 
the girders. The team did not receive the procedures by the draft of this work and therefore 
did not test the capacity evaluation methods at this time. 

8.7.  Summary 

With all of the provisions provided by each state, the research team was able to compile 
and use each method of capacity estimation for each specimen tested in the project. It is 
very important to note that the data used in each of the capacity estimations for the section 
loss was estimated using the results of the LiDAR and 3D Scanning technologies. This 
allowed for more precise estimations in the evaluation for peak load. Current inspection 
methods often depend on visual inspection and/or hand tools such as callipers or 
ultrasonic thickness gauges that estimate thickness one point at a time. Because of this, 
the ranges for capacity estimation can be far wider spread in real field inspections than 
the evaluations performed by the research team. 
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The capacity evaluation using each state’s provisions was conducted on each specimen 
and compiled into graphs shown in Figure 53 and Figure 54. Figure 53 shows the true 
capacity found in the experiment with the corresponding predictions from the state 
provisions. Figure 54 shows the same capacity and predictions normalized to the 
experimental capacity. The summarized values pictured in Figure 53 along with the peak 
loads from the Finite Element Simulations can be found in Table 73. The summarized 
percent differences between the evaluation methods and the experimental peak loads can 
be found in Table 74. 
 

 
Figure 53. New England Beam End Capacity 

 

Figure 54. Normalized New England Beam End Capacity 

There are several critical observations that can be drawn from the beam end capacity 
provision comparison. In most cases, the prediction for every state is conservative or a 
close estimation, however there are cases that this is not true (CT1, CT2, ME3, ME9).  

The research team found that, across all the experiments, the Massachusetts guidelines 
were the most all-encompassing evaluation of the beam end [47]. These provisions 
incorporate the parameter CL and the influence of web deviation imperfections. They are 
closer to the experimental capacity in seven of the twelve experiments. And for the cases 
that they are not, they are second or third best in four cases, with a margin of about 1%-
2.5% to the best prediction in these cases. The worst performance of the MassDOT 
provisions compared to the other states’ guidelines was in Experiment 5 with a margin of 
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approximately 3.7% from the best prediction. It is important to note that the MassDOT 
guidelines are also the only ones that can capture the CT1 experimental load with relative 
success due to the selection of the corrosion length and the resulting load reduction and 
weight of the average thickness. For CT1 specifically, the corrosion length was chosen as 
3.5 inches because of the limited section loss along the length of the beam end and 
because CL has a lower limit of half of the bearing length. The selection of corrosion 
length, as stated in the provisions above, is based on engineering judgement and can be 
easily chosen based on the scanning results via contour mapping. 
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Table 73. Experimental Capacity Evaluation by State (kips) 
 

Exp MA ME CT NH RI VT 

CT 1 (Exp1)  129.76 155.04 212.55 216.18 203.04 214.14 NA 

CT 2 (Exp 2)  113.27 118.51 120.37 124.61 117.38 106.96 NA 

ME 1 (Exp 3)  199.81 202.96 169.19 186.13 165.68 138.00 NA 

ME 2 (Exp 4)  284.48 273.29 271.37 276.06 263.31 289.06 NA 

ME 3 (Exp 5)  224.14 235.71 235.00 240.69 228.93 221.15 NA 

ME 4 (Exp 6)  211.06 213.79 203.70 215.15 198.80 183.99 NA 

ME 5 (Exp 7)  230.08 193.87 172.87 186.26 168.65 164.44 NA 

ME 6 (Exp 8)  253.20 240.96 244.85 247.67
 

237.93 222.94 NA 

ME 7 (Exp 9)  257.31 234.98 226.33 215.71 220.75 204.88 NA 

ME 8 (Exp 10)  297.62 286.77 265.75 267.81 259.27 229.33 NA 

ME 9 (Exp 11)  267.14 288.95 285.59 281.12 242.36 271.05 NA 

ME 10 (Exp 12)  232.32 237.7 215.01 221.36 209.98 186.88 NA 
 

Table 74. Experimental Capacity Evaluation, Percent Error from Experiment 
 

MA ME CT NH RI VT 

CT 1 (Exp1)  16.31 % 38.95 % 39.98 % 36.09 % 39.40 % NA 

CT 2 (Exp 2)  4.42 % 5.90 % 9.10 % 3.50 % 5.90 % NA 

ME 1 (Exp 3)  1.55 % 18.10 % 7.35 % 20.60 % 44.79 % NA 

ME 2 (Exp 4)  4.09 % 4.83 % 3.05 % 8.04 % 1.58 % NA 

ME 3 (Exp 5)  4.91 % 4.62 % 6.88 % 2.09 % 1.35 % NA 

ME 4 (Exp 6)  1.28 % 3.61 % 1.90 % 6.17 % 14.71 % NA 

ME 5 (Exp 7)  18.68 % 33.09 % 23.53 % 36.42 % 39.92 % NA 

ME 6 (Exp 8)  5.08 % 3.41 % 2.23 % 6.42 % 13.57 % NA 

ME 7 (Exp 9)  9.50 % 13.69 % 19.29 % 16.56 % 25.59 % NA 

ME 8 (Exp 10)  3.78 % 11.99 % 11.13 % 14.79 % 29.78 % NA 

ME 9 (Exp 11)  7.55 % 6.46 % 4.97 % 10.22 % 1.44 % NA 

ME 10 (Exp 12)  2.26 % 8.05 % 4.95 % 10.64 % 24.32 % NA 
Note: Green Indicates the lowest Percent difference for the capacity evaluation method for the 
given specimen 
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9. New Rating Recommendations 

Following the analysis and comparison of each of the New England States’ analytical 
procedures for evaluating beam end corrosion, the team observed that many of the results 
found match or are conservative in predicting the remaining capacity of the corroded end. 
By utilizing our LiDAR and 3D Scanning technologies, the team was able to capture high 
detailed data that accurately represents section loss in the beam specimen. By utilizing 
this data with the current provisions of each state, the team found that the length of 
corrosion and ultimately the average remaining web thickness was critical in accurately 
estimating the remaining capacity, as has been observed previously in MassDOT Report 
19-008, September 2019 [28]. 

The first recommendation made by the research team is to utilize advanced technologies 
such as 3D scanning to monitor and evaluate section loss on steel beam ends due to 
corrosion. It is clear from prior work done by Tzortzinis in [29] and the protocols created 
by the research team that 3D scanning provides vast opportunity in accurately identifying 
areas of significant section loss, classifying corrosion topologies, and assisting greatly in 
the capacity evaluation of a corroded beam end. 

As stated in Section 8.2, the CL parameter defines the corrosion length for which the 
average thickness is taken. This corrosion length is bounded from N/2 to N+md, the 
bearing length plus the beam depth multiplied by a parameter “m” which is dependent on 
web deviation. In the crippling capacity equations of [47], if the length of corrosion is not 
taken to be the full N+md length, then a knockdown of the capacity takes place to account 
for the influence of the average thickness via the factor (CL/ N+md)0.15 found in the 
equation of Figure 49 via the MassDOT Bridge Manual (under review) [47]. Web 
deviation imperfections create major knockdowns in remaining capacity and have proven 
to have great influence on the beam webs. With the web of the beam behaving much like 
a column, the larger the initial out of plane deformation, the larger the influence in 
reducing the buckling capacity. The parameter CL provides a limit and range to where 
the average thickness of the end can be estimated. This parameter allows the inspector to 
quantify the average web thickness but also utilize engineering judgement in measuring 
and estimating the length over which the major section loss occurs. Finally, alongside the 
encompassing provisions, it is clear that the performance and accuracy of the equations 
is quite high and consistent across different beam types and section loss quantities. This 
can be best seen in Section 7, Figure 53 and Figure 54 as well as Table 73 and Table 74. 
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10. Conclusions 

10.1.  Conclusions Corrosion Pattern Analysis 

In the first task of the project, our team analyzed 225 reports from six states in the New 
England region; Connecticut, Rhode Island, Maine, New Hampshire, Vermont, and 
Massachusetts. This allowed for the analysis of 1,723 total beam ends across all the states. 
The most important finding that we found through this analysis was the vast presence of 
the W1 corrosion pattern across the beam ends of the New England States. While this was 
the most important finding in this task, there were many trends our team noticed among 
reporting and beam end conditions upon analysis of the state inspection reports. 

Several trends were found after compiling, summarizing, and post processing data 
obtained from the states of the New England region. These trends reflect several 
important components of this project and the goal of this work overall. Reflecting on the 
tasks of the project and this report, our team observed these trends to be categorized by 
two types, the way states report the inspection of a bridge structure and the corrosion 
patterns observed in those bridge structures via the inspection reports. 

Inspection Report Comparisons Among New England States 

When considering the reporting methods of each state, our team concluded that sub-
dividing the New England region was helpful to the post-processing of data. As discussed 
in the report, the state’s departments of transportation were placed into two groups:  

• MaineDOT, NHDOT and VTrans in Group 1 and  
• RIDOT, MassDOT and CTDOT in Group 2. 

It is important to note that inspection reports where no data could be gathered were not 
included in the finalized conclusions, data, and graphs of this report.  

The trends found in terms of inspection reports can be summarized as follows: 

• The most common trend found in the methods of inspection were that the Northern 
New England States (Group 1) have inspection reports which rarely provide 
sketches where the Southern New England States (Group 2) often provide 
sketches and photographs. It is again important to note that the methods of Group 
2 were developed over time and had performed inspection methods much like 
those of Group 1 in the past. 

• An additional trend that was identified was the span of years in which many of 
these bridge structures were built. There were trends identified at a state and 
regional level. It is important to note here that there was only one report in our 
finalized compilation from Vermont which indicated the year a single bridge was 
built (1991). The majority of bridges our team analyzed in the New England 
region were built between 1928 and 1978. We then separated this information by 
state. For Connecticut, many bridges were built between 1955 and 1970. 
Regarding Massachusetts, most of the bridges were built between 1947 and 1969. 
For the state of Maine, our team found that many bridges were built between 1928 
and 1991. Regarding Rhode Island, we found that all of the bridges analyzed were 
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built between 1935 and 1975. For the state of New Hampshire, most of the bridges 
analyzed were built between 1920 and 1994. This information is imperative in 
order to identify the grade of steel and the beam dimensions used for the steel 
beams used in construction. 

• Another common trend found in several reports from Group 1 is the way corrosion 
is reported. In many reports from the states in Group 1, corrosion information is 
provided in a generic form, which results from a visual inspection. No finite 
measurements and thickness losses were reported. Some conclusions our team 
was able to draw from these reporting trends were that while reporting and 
documenting corrosion varies from state to state, there tended to be general 
uniformity among the report structures. This allowed our team to compile the 
reports more efficiently. 

Corrosion Phenomenon Comparisons Among New England States 

At a general level, the results of post-processing data analysis for the inspection reports 
can be divided into two groups as discussed above. While the results in previous sections 
of this report focus on the presentation of the reports by each New England state, this 
information ultimately determines the corrosion pattern results. In the case of Group 1, 
MaineDOT, NHDOT and VTrans, the reports provided do not present sufficient 
documentation to create common corrosion patterns for their states. This documentation 
primarily refers to sketches or dimensional measurements, which is likely not provided 
due to inspections being visually conducted. 

This allowed our research team to further isolate results of the states of the New England 
region who had sufficient documentation to allow for the creation of common corrosion 
patterns found by state. These states departments of transportation were in Group 2, which 
included RIDOT, MassDOT, and CTDOT. Upon isolating the states that provided enough 
information, each state had patterns generated specific to the data gathered from their 
reports. These patterns included the several types of corrosion shapes and damage 
discussed earlier in this report. Additionally, the patterns considered structures with and 
without diaphragms as part of the structural system. It can be observed that the presence 
of a diaphragm changes the corrosion patterns observed and is considered a separate 
pattern from structures without diaphragms. 

There are several conclusions that can be drawn from the data analyzed by Massachusetts, 
Rhode Island, and Connecticut when a diaphragm system is present. Each state has its 
most prominent corrosion pattern found in the reports: 

• For Massachusetts, the most common corrosion pattern was the W1 corrosion 
pattern closely followed by the W3 corrosion pattern. Regarding the state of 
Rhode Island, the most common corrosion pattern was W1. For the state of 
Connecticut, the most common corrosion pattern was W1 corrosion.  

• It can be seen from the states which corrosion patterns could be generated for 
bridges with diaphragms present, that the W1 corrosion pattern is the most 
prevalent.  

• Across all patterns and states with a diaphragm present, it was found that the 
thickness loss had great range from no thickness loss to complete thickness loss.  

• The most prominent range for thickness loss was around 18% to 55% across all 
states and corrosion patterns for structures with diaphragms. 
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• In addition to the corrosion shapes, there were also holes observed in the beam 
end specimens with a diaphragm present from the different states. Among the 
data from Connecticut, Massachusetts, and Rhode Island, it was found that the 
M1 hole corrosion pattern was the most common. 

• The following conclusions discuss the corrosion measurement parameters, 
shapes, and the trends found. It is worth noting again that this section only applies 
to Connecticut, Massachusetts, and Rhode Island where corrosion parameters and 
patterns could be identified and generated.  

o Our team discovered that among beams with a diaphragm system that the 
W1 pattern has parameters that followed a very interesting trend; the CH 
height parameter had many cases varying from minimal height corrosion 
to half height corrosion. Additionally, our team saw that in the 
Connecticut and Massachusetts specimens specifically, full height 
corrosion showed a strong presence. This is very different from the CH 
height parameter for beams without a diaphragm, which had many cases 
varying from minimal height corrosion to half height corrosion. Via the 
parameter graphics created for the CL parameters in Massachusetts and 
Rhode Island, it appeared that many of the beam ends had smaller ranges 
for corrosion length when compared to beam ends without a diaphragm 
system present. This is particularly interesting because the W1 corrosion 
pattern was the most prominent corrosion pattern identified in the 
analysis. 

o Another interesting trend our team found in the analysis was in the 
parameters of the W3 corrosion pattern. Our team found that the most 
intriguing of the parameters here were the CH2 height parameter and the 
CL3 length parameter. These parameters represent the largest height and 
length in the W3 corrosion pattern, respectively. In the case of beams with 
a diaphragm present, the CH2 parameter often equaled full height 
corrosion. Regarding the CL3 parameter for the W3 case with a 
diaphragm system, the length had large variation. Our team observed 
extreme cases in which CL3 was approximately 500% of the web height 
in Massachusetts. Among Connecticut and Rhode Island, there were cases 
that reached around 250% and 300% of web height, respectively. 
 

There are several conclusions that can be drawn from the data analyzed by Massachusetts, 
Rhode Island, and Connecticut when no diaphragm system is present. Each state has its 
most prominent corrosion pattern found in the reports: 

• For Massachusetts, the most common corrosion pattern was W1 corrosion. The 
state of Rhode Island had W1 as its most common corrosion pattern but also had 
several W3 corrosion patterns present throughout the bridge specimens. 
Regarding Connecticut, the most common corrosion pattern was W1 corrosion.  

• It can be seen from the states for which corrosion patterns could be generated for 
bridges without diaphragms present, that the W1 corrosion pattern is the most 
common.  

• Across all patterns and states without a diaphragm present, it was found that the 
web thickness loss had great range from no thickness loss to complete thickness 
loss. The most prominent range for thickness loss was around 18% to 50% across 
all states and corrosion patterns. 
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• Similar to the structures with a diaphragm, there were also holes observed in the 
beam end specimens without a diaphragm present from the different states. From 
the data analyzed and compiled from Massachusetts, Rhode Island, and 
Connecticut, it was found that the M1 hole corrosion pattern was the most 
prevalent. 

• The following conclusions discuss the corrosion measurement parameters, 
shapes, and the trends found. It is worth noting again that this section only applies 
to Connecticut, Massachusetts, and Rhode Island where corrosion parameters and 
patterns could be identified and generated. 

o Our team discovered that among beams without a diaphragm system that 
the W1 pattern, the most prominent pattern, has parameters that followed 
a very interesting trend; the CH height parameter was often less than half 
of the height of a given beam. This was true across Rhode Island, 
Connecticut, and Massachusetts. While this was true for the height, the 
length parameter CL varied from minimal length corrosion to a length 
corrosion of approximately 300% the height of the web. Among Rhode 
Island, Connecticut, and Massachusetts, the corrosion length maximum 
was greater than the full web height. This is particularly interesting 
because the W1 corrosion pattern was the most prominent corrosion 
pattern identified in the analysis. 

o An interesting trend our team found in the analysis was in the parameters 
of the W3 corrosion pattern. As discussed above, our team found that the 
most intriguing of the parameters here were the CH2 height parameter and 
the CL3 length parameter. These parameters represent the largest height 
and length in the W3 corrosion pattern, respectively. In the case of beams 
with a diaphragm present, the CH2 parameter often equaled full height 
corrosion. A critical note here is that this was also the case when a 
diaphragm is present, as described above. Similar to cases with a 
diaphragm, the CL3 parameter for the cases of W3 without a diaphragm 
system had large variation in the length. Our team observed extreme cases 
in which CL3 had extreme cases in Connecticut and Massachusetts. These 
were approximately 300% and 225% of web height, respectively. The 
interesting part of both the height and length measurements for the W3 
corrosion patterns was the similarity regardless of if a diaphragm is 
present. 

The comparison of these corrosion patterns may suggest that many similarities arise 
among the parameters of given corrosion patterns throughout the states of New England.  

Connection with laboratory testing and rating recommendations 

These findings are crucial to our work on this project for several reasons. Recognizing 
corrosion patterns and thickness losses across the beams of several states allowed our 
team to sort and generate data for the next part of this project. Once the damage done by 
corrosion to beam end specimens can be identified and understood, the goal then becomes 
finding the remaining beam capacity. Based on the common corrosion patterns and 
thickness loss measurements, the remaining capacity of the beams can be found.  

The main conclusions that can be drawn from the analyses conducted and discussed 
throughout this report is that corrosion patterns can be generated to classify the damage 
exhibited throughout the inspection reports and bridges of the New England States. There 
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are clear trends identified of the phenomenon across all of the states. These trends are 
helpful in identifying types of damage and will ultimately contribute to finding the 
remaining capacity of a beam and the overall bridge structure.  

Within this work, there were limitations in the main corrosion patterns our team was able 
to identify for each state. If a bridge inspection was conducted and corrosion is reported 
qualitatively, measurement parameters become difficult to establish. This limitation 
ultimately means that corrosion patterns cannot be generated. Another limitation of the 
work is the amount of data that can be received and used for the project. This could be 
lack of information presented in the inspection reports, minimal inspection reports to 
process, and the overall validity of the beams via the scope of the project. 

10.2.  Conclusions from Experiments, Simulations and Ratings 

Utilizing the rigorous analysis of the beam ends performed in the first task of the project, 
the research team was able to select bridges and individual ends of interest for testing at 
the Brack Structural Testing facility at The University of Massachusetts Amherst. Each 
beam that was tested had to be documented thoroughly for section loss. The team utilized 
in-house 3D scanning protocols for this process which were then used to evaluate the 
current methods of each New England state and to create finite element simulations. Each 
of these specimens were then load tested for their remaining capacity. Finally, each beam 
end specimen was evaluated using the procedures for capacity estimation of corroded 
ends by state and compared to the experimental peak loads achieved. 

10.2.1. Conclusions on Scanning and Corrosion Profiles 

There are several major conclusions we can draw from our evaluation of corrosion via 
3D scanning. 

• Beams from the same bridge exhibit similar corrosion profiles. This was observed 
in the first task of the project when the team analyzed inspection reports across all 
the New England States but can also be seen in each of the Maine beam specimens 
that were tested in experiments three through twelve. While the section loss itself 
varied, the shapes mainly resembled that of the W3 or W4 classification. 

• Scanning provides a fast method to evaluate section loss for corroded beam ends. 
To document the corroded end or even the isolated area at the base of the corroded 
web using current practices takes several hours. Scanning the beam end takes 
minutes to perform and can be post processed quickly using in-house algorithms. 

• Scanning allows for vast data and provides the entire profile of a corroded end. 
While an ultrasonic thickness gauge and slide caliper were used for measurements 
throughout the course of this project, the scanning provides an all-inclusive 
evaluation of the section loss on the corroded end which includes corrosion 
profiles, exorbitant section loss data, and damage that cannot be read by other 
tools accurately such as severe pitting. 

10.2.2.  Conclusions on Experiments and Simulations 
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The team was able to draw many conclusions regarding the experiments conducted 
throughout this project. 

• Each experiment was conducted and successfully captured the corroded end 
capacity. It was imperative to capture the beam end’s capacity and not to capture 
flexure or any other failure in other parts of the beam. Buckling failure was 
successfully achieved in each beam end experiment. 

• Buckling primarily occurred in the base or lower 50% of the web height and was 
localized. In a few of the laboratory experiments conducted, such as experiment 
one, buckling was induced at mid-height. This is likely due to the heaviest section 
loss being present at the mid-height of the web. While this was the observation, 
the team found that this capacity can still be estimated accurately via the 
provisions by Tzortzinis [47]. 

• The web deviation parameter was very similar across many of the experiments, 
the first two beams were of different shape and from the state of Connecticut. 
These two beams had around a 0.5tweb deviation. The Maine beams in experiments 
three through twelve were all from the same structure and had approximately 
0.1tweb deviation present in each specimen. Beam specimens from the same bridge 
exhibited similar corrosion patterns and similar web deviation. 

• The finite element models created to replicate the experimental results were able 
to capture the peak loads well and replicate the buckling shape. The largest 
difference in peak load observed was by about 15% and is likely due to modelling 
assumptions made in the finite element portion of this report. 

10.2.3.  Conclusions on Ratings and Recommendations 

Following corrosion classification and experimental testing conducted throughout the 
project, the research team was able to draw the following conclusions about the capacity 
evaluations by state and the recommendations for capacity estimation. 

• The Massachusetts provisions updated by Tzortzinis in [47] are the most accurate 
predictions of the actual capacity of the corroded beam ends overall. While there 
were cases where other state’s provisions were closer to predicting the corroded 
beam end capacity, the Massachusetts provisions consistently perform with higher 
fidelity. 

• The provisions incorporated in [47] consider key features such as a capacity 
reduction for a weighted thickness based on the CL parameter and for an increased 
amount of initial web deviation. This provides a more comprehensive evaluation 
of the beam end and provides a more accurate representation of section loss and 
geometric imperfection than other evaluation methods. 

• While all of the state provisions perform quite well regarding the experimental 
predictions, it is imperative to note that this is largely in part because of the 
scanning data, which provides a vast data field of thicknesses that allow for high 
quality capacity estimation. Visual inspection and handheld tools for point 
measurements will cause more uncertainty and inaccuracy in capacity estimation 
and may cause gross over or under estimations in the capacity estimation process. 

The limitations of this work are mainly concerning the time of the project. There were 
several challenges that took place due to laboratory delays such as access to move beam 
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specimens, cleaning beam specimens, and rig modifications that had to be made to 
accommodate the specimen for each test. With more time, the research team would have 
performed more experiments as a part of this phase and tested the material properties of 
the beam specimens. The research team will continue to conduct experiments, document 
section loss via scanning, update the finite element models, and conduct material tests. 
These results will be documented outside of this current project report. 

  



140 
 

11. Appendix I – Detailed data and processing 
graphs for beam ends without a diaphragm 

11.1.  Connecticut 

11.1.1.  Introduction 

As discussed in previous sections, the data was divided by state as the number of beams 
ends was significantly different from one state to the other. Thus, to not introduce bias in 
the results, all states were individually analyzed. Beyond this, the beam ends were divided 
into two sub-groups: ends with diaphragm and the ends without diaphragms. In this 
section, all information and graphs presented focus on beams ends without diaphragms 
from the state of Connecticut. 

Figure 55 depicts the frequency of patterns obtained for beam ends without diaphragm 
from the reports provided by CTDOT. 

 

Figure 55: Web corrosion patterns distribution for beams ends without a diaphragm – 
CTDOT 

It is worthwhile pointing out that the characteristic dimensions of the patterns - i.e., CH1, CH2, 
CH3, CL1, CL2, CL3 - were normalized with the web height, H0, where 𝐻𝐻0 = 𝐻𝐻 − 2 𝑡𝑡𝑓𝑓. 
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11.1.2.  Pattern W1 

11.1.2.1. Web corrosion 

The distribution of CH1 for this pattern is depicted in Figure 56. From Figure 56 two dominant 
trends can be seen: (i) full height corrosion, or (ii) corrosion up to 40% of the web, which can be 
written as: 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.4𝐻𝐻 𝑎𝑎𝑎𝑎𝑎𝑎 0.9𝐻𝐻 ≤ 𝐶𝐶𝐻𝐻1 ≤ 1𝐻𝐻 

The parameters for the corrosion patterns can be found with corresponding diagrams in Section 
1.5 Corrosion Patterns of this report. 

 

Figure 56: CH1 distribution of W1 pattern for beams without a diaphragm - CTDOT 
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Figure 57: CL1 distribution of W1 pattern for beams without a diaphragm – CTDOT 

Upon investigation of Figure 57, no major trend could be found. While no dominant trend could 
be seen, it is reasonable to state that the corrosion present for W1 is dominated by values smaller 
than 2.5H0.  

Aiming to compare the length and height of corrosion, Figure 58 depicts the ratio between the 
length and height of corrosion. It is possible to observe that the length is usually several times 
greater than the height. 

 

Figure 58: Ratio of corrosion length (CL1) to corrosion height (CH1) of W1 pattern for 
beams without a diaphragm - CTDOT 
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As many lengths are less than 2.5H, our team was able to check the ratio for beams ends where 
CL1 <2.5H. The resulting histogram is depicted in Figure 59. 

 

Figure 59: Ratio of corrosion length (CL1) to corrosion height (CH1) for CL1 < 2.5H0 - 
CTDOT 

Beyond this, to deepen the understanding regarding the interaction between CH1 and CL1, our 
team could isolate trends depicted in the CH1 distribution. As a result, our team could plot the 
length of corrosion for CH1<0.3H0. Figure 60 depicts the final distribution of CL1 for this case. 

 

Figure 60: CL1 distribution for CH1 <0.3H - CTDOT 

 



144 
 

A similar study to the CH1<0.3H0 case, our team conducted a study on the case where CH1>0.9H. 
Figure 61 below depicts the final distribution for this case. 

 

Figure 61: CL1 distribution for CH1 >0.9H - CTDOT 

When comparing Figure 60 to Figure 61, it is apparent that when the corrosion height is large, the 
corrosion length is often smaller. On the other hand, for small heights of corrosion, the corrosion 
length tends to be greater than the corrosion height. 

Figure 62 depicts the distribution of web thickness loss for pattern W1. It is noticeable that much 
of the thickness loss for the W1 case is no greater than 50%.  

 

Figure 62: Web thickness loss distribution for pattern W1 - CTDOT 
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Similar to the analysis conducted for corrosion length, our team was able to study the thickness 
loss for the two main trends detected previously. The resulting distributions are depicted in the 
Figure 63 and Figure 64. 

 

Figure 63: Web thickness loss distribution for CH1<0.3H and CL1<2.5H - CTDOT 

 

Figure 64: Web thickness loss distribution for Ch1<0.9H  and CL1<1H - CTDOT 

11.1.2.2. Flange corrosion 

Figure 65 depicts the length of corrosion in the flanges. It is worthwhile in recognizing that there 
is significantly less information regarding flange corrosion.  
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Figure 65: Distribution of corrosion length for pattern W1 - CTDOT 

To compare the length of corrosion in the flanges with the length of corrosion in the web, Figure 
66 was created. Here, the graph depicts the ratio of Cf/Cl, where Cf is the length of corrosion in 
the flanges and Cl is the web length corrosion. 
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Figure 66: Ratio between flange corrosion length for pattern W1 - CTDOT 

From Figure 66, it was valid to assume that the length of corrosion is the same for both web and 
flange. Therefore, for trends previously identified, our team assumed that the length of corrosion 
in the flange was equal to the corrosion in the web. 

Regarding the thickness loss of the flanges, the research team was able to plot the distribution 
depicted in Figure 67. 

 

Figure 67: Flange thickness Loss for pattern W1 - CTDOT 
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Similarly, our team was able to isolate the thickness loss for either trends found previously, as 
depicted in Figure 68 and Figure 69. 

 

Figure 68: Flange thickness loss distribution for CH1<0.3 - CTDOT 

 

 

Figure 69: Flange thickness loss distribution for CH1>0.9 - CTDOT 

For beam ends which CH1 is less than 0.3H, the thickness loss on the flanges tended to be small. 
This was different for cases which CH1 is greater than 0.9H, which resulted in a thickness loss of 
almost 100%. This allowed our team to assume the beams described by W1 patterns present the 
two patterns described in Table 75. 
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Table 75: Summary of extreme scenarios of W1 pattern - CTDOT 

# Pattern CH1 CL1 tloss/tweb Cf tloss/tflange 

1 W1 (0,0.4] (0,2.5] (0, 0.5] (0,2.5] [0.1,0.6] 
2 W1 1 (0,1] (0,0.4] (0,1] [0.9, 1] 

 

Based on Table 75, our team was able to plot the extreme corrosion scenarios for pattern W1.  

 

Figure 70: Extreme scenario for pattern W1 - CTDOT 

 

 

Figure 71: Extreme scenario for pattern W1 - CTDOT 

  



150 
 

11.1.2.3. Holes 

The frequency of hole appearance is portrayed in Table 76. 

Table 76: Holes and patterns for beams without a diaphragm - CTDOT 
 

Number No 
Hole 

M1 M
2 

M
3 

M
4 

M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 309 290 3 1 2 2 0 1 0 
W2 6 5 0 0 0 1 0 0 0 
W3 38 35 1 0 1 0 0 1 0 
W4 33 30 2 0 1 0 0 0 0 
W5 34 34 0 0 0 0 0 0 0 
W6 2 2 0 0 0 0 0 0 0 

 

It is imperative to acknowledge that corrosion holes are frequently reported just in the notes of 
these reports. This means that, although more holes have been reported in the provided reports, 
not all corrosion holes had dimensions or pictures. For this reason, they were not able to be 
accounted for in our database. 

 The web thickness loss distribution for beam ends with M1 holes is: 

 

Figure 72: Web thickness loss for beam ends with M1 holes - CTDOT 
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The web thickness loss distribution for beam ends with M2 holes is: 

 

Figure 73: Web thickness loss for beam ends with M2 holes - CTDOT 

 

The web thickness loss distribution for beam ends with M3 holes is: 

 

Figure 74: Web thickness loss for beam ends with M3 holes - CTDOT 
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The web thickness loss distribution for beam ends with M4 holes is: 

 

Figure 75: Web thickness loss for beam ends with M4 holes - CTDOT 

From Figure 72, Figure 73, Figure 74, and Figure 75 is not possible to determine the thickness in 
which the holes will appear. While this is a clear observation, the figures hint that corrosion holes 
can appear even for cases in which the thickness loss is not extreme. As a result of this, and due 
to the small amount of data regarding corrosion holes, it is not possible to define any trend or try 
to make any prediction of what causes the holes to appear. 

11.1.3.  Pattern W2 

11.1.3.1. Web corrosion 

The W2 corrosion pattern was observed only six times throughout the reports from the state of 
Connecticut. In a similar way to how W1 was recorded, the measurements for the W2 pattern 
provided in the reports were normalized by H0. Figure 76, Figure 77 and Figure 78 depict the 
distribution of the parameters of pattern W2. The parameters for the corrosion patterns can be 
found with corresponding diagrams in Section 1.5 Corrosion Patterns of this report. 

 



153 
 

 

Figure 76: CL1 distribution for W2 pattern - CTDOT 

 

Figure 77: CL2 distribution for W2 pattern - CTDOT 
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Figure 78: CH distribution for W2 pattern - CTDOT 

The distribution of web thickness loss depicted in Figure 79. 

 

Figure 79: Web thickness loss for W2 pattern - CTDOT 

From Figure 76, there is a trend present regarding CL1, as CL1<0.6H0 for most of the beam ends 
reported. This allowed our team to analyze the behavior of the other parameters given that 
CL1<0.6H0. 



155 
 

 

Figure 80: CL1 distribution for W2 pattern and CL1<0.6H - CTDOT 

 

 

Figure 81: CL2 distribution for W2 pattern and CL1<0.6H - CTDOT 
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Figure 82: CH distribution for W2 pattern and CL1<0.6H - CTDOT 

 

Figure 83: Web thickness loss for W2 pattern and CL1<0.6H - CTDOT 

 

 

Therefore, it is valid to assume that 0 < 𝐶𝐶𝐿𝐿1 ≤  0.6 0, 0.1𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿2 ≤ 0.4𝐻𝐻0, 0 < 𝐶𝐶𝐻𝐻 ≤
0.2𝐻𝐻0] and 0.3 ≤ 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤
≤ 0.45. The extreme scenario for W2 is depicted in Figure 84. 
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Figure 84: Extreme corrosion scenario for pattern W2 - CTDOT 

11.1.3.2. Flange corrosion 

It was not possible to perform flange corrosion analysis for pattern W2 as no information about 
corrosion in the flanges was provided for the beam ends identified with a W2 corrosion pattern. 

11.1.3.3. Holes 

Only a single hole was reported for this pattern. The topology of the recorded hole is an M4 
corrosion hole pattern. The dimensions for the given hole are: 𝑎𝑎 = 0.18, 𝑏𝑏 = 1.42, and 𝑐𝑐 = 1.36. 

11.1.4. Pattern W3 

11.1.4.1. Web corrosion 

The analysis began by studying the distribution of CH2, depicted in Figure 85. The parameters 
for the corrosion patterns can be found with corresponding diagrams in Section 1.5 Corrosion 
Patterns of this report. 

 

Figure 85: CH2 distribution for W3 pattern - CTDOT 



158 
 

A single trend for when CH2 >0.9H0 is clearly observed in Figure 85. Given that CH2>0.9H0, 
our team could plot the distribution of the other parameters of the corrosion pattern given that 
CH2>0.9H0. This is shown in the following figures. 

 

Figure 86: CL3 distribution for W3 pattern - CTDOT 

 

Figure 87: CL1 distribution for W3 pattern and CH2>0.9H - CTDOT 
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Figure 88: Web thickness loss distribution for W3 pattern and CH2>0.9H - CTDOT 

 

From the last figures, our team was able to conclude that: 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.4𝐻𝐻0 
0.9𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻2 ≤  1𝐻𝐻0 
0 < 𝐶𝐶𝐻𝐻3 ≤ 0.4𝐻𝐻0 
0 < 𝐶𝐶𝐿𝐿1 ≤ 1𝐻𝐻0 
0 < 𝐶𝐶𝐿𝐿2 ≤ 1.5𝐻𝐻0 
0 < 𝐶𝐶𝐿𝐿3 ≤ 2.5𝐻𝐻0 

0 <
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

≤ 0.4 

 
 

This resulted in the extreme scenario for pattern W3: 

 

Figure 89: Extreme corrosion scenario for W3 pattern – CTDOT 

 

 



160 
 

11.1.4.2. Flange corrosion 

The ratio between the length of corrosion in the flanges and the total corroded length (CL3) is 
depicted in Figure 90. Figure 91 depicts the raw corrosion length in the flange. 

 

 

Figure 90: Ratio between corrosion length in the flanges and CL3 for W3 pattern - 
CTDOT 

 

 

Figure 91: Raw corrosion length in the flanges for W3 pattern - CTDOT 

 

Figure 92 depicts the distribution of the thickness loss in the flanges. Similar to the previous 
sections, our team could assess the distribution of thickness loss for CH2>0.9. This case is 
depicted on Figure 93. 
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Figure 92: Flange thickness loss for W3 pattern - CTDOT 

 

Figure 93: Flange thickness loss for W3 pattern and CH2>0.9H - CTDOT 

 

As a result, for the case of CH2>0.9H0, our team assumed that 0.1 < 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

< 0.4. 

11.1.4.3. Holes 

Only four corrosion holes were observed in the reports provided by CTDOT. Additionally, two 
of the holes were observed in the same beam end. Due to the limited amount of information, the 
research team was not able to draw conclusions or trends from the information provided.  
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11.1.5. Pattern W4 

11.1.5.1. Web Corrosion 

Like the other studies conducted, this study started by analyzing CH2, depicted in Figure 94. The 
parameters for the corrosion patterns can be found with corresponding diagrams in Section 1.5 
Corrosion Patterns of this report. 

 

Figure 94: CH2 distribution for W4 pattern - CTDOT 

Figure 94 clearly depicts that CH2 is equal to 1 for most beam ends reported. Using this 
information, our team was able to further analyze the other parameters for CH2>0.9H0. The 
following figures depict the behavior of the other parameters for CH2>0.9H0. 

 

Figure 95: CH1 distribution for W4 pattern and CH2>0.9H - CTDOT 
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Figure 96: CL1 distribution for W4 pattern and CH2>0.9H - CTDOT 

 

Figure 97: CL2 distribution for W4 pattern and CH2>0.9H - CTDOT 
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Figure 98: CL3 distribution for W4 pattern and CH2>0.9H - CTDOT 

 

 

Figure 99:Web thickness loss distribution for W4 pattern and CH2>0.9H - CTDOT 

From these figures, our team was able to conclude that: 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.4𝐻𝐻0 
0.9𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻2 ≤ 1𝐻𝐻0 
0 < 𝐶𝐶𝐿𝐿1 ≤ 1𝐻𝐻0 
0.5𝐻𝐻0 < 𝐶𝐶𝐿𝐿2 ≤ 1.5𝐻𝐻0 
0.1𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤ 0.5𝐻𝐻0 

0.1 ≤
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

≤ 0.6 
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Thus, the extreme scenario for pattern W4 is: 

 

Figure 100: Extreme corrosion scenario for W4 pattern - CTDOT 

11.1.5.2. Flange Corrosion 

The information regarding flange corrosion combined with the W4 corrosion pattern was rarely 
observed in the reports analyzed from CTDOT. For this reason, the research team was not able to 
draw any conclusion nor trends from the available data. The histogram of the two observed flange 
corrosion scenarios can be found in Figure 101. 

 

Figure 101: Flange thickness loss for W4 pattern - CTDOT 
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11.1.5.3. Holes 

For the corrosion combination of W4 with holes, only three holes were observed with the W4 
pattern. It is important to note that the data here is not enough in order to draw conclusions via 
the histograms in Figure 102, Figure 103, Figure 104, and Figure 105. These depict the 
dimensions of the holes observed. 

 

Figure 102: Depth of hole M1 combined with W4 pattern - CTDOT 

 

Figure 103: Length of hole M1 combined with W4 pattern - CTDOT 
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Figure 104: Depth of hole M3 combined with W4 pattern - CTDOT 

 

Figure 105: Length of hole M3 combined with W4 pattern - CTDOT 
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11.1.6. Pattern W5 

11.1.6.1. Web corrosion 

The study began by analyzing the height of corrosion. Figure 106 depicts the distribution of CH1 
for pattern W5. The parameters for the corrosion patterns can be found with corresponding 
diagrams in Section 1.5 Corrosion Patterns of this report. 

 

Figure 106: CH1 distribution of W5 pattern for beams without a diaphragm – CTDOT 

Figure 106 clearly depicts that CH1 tends to be smaller than 0.2H0. This means that when 
analyzing the behavior of CL1 for when CH1<0.2Ho, we found: 

 

 

Figure 107: CL1 distribution of W5 pattern for beams without a diaphragm – CTDOT 
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Figure 108 depicts the web thickness loss for CH2>0.9H0: 

 

Figure 108: Web thickness loss distribution of W5 pattern for beams without a diaphragm 
– CTDOT 

 

From the last figures, our team concluded that: 

0 < 𝐶𝐶𝐻𝐻1 ≤  0.2𝐻𝐻0 
0.4𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 1.5𝐻𝐻0 

0.1 ≤
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

≤ 0.5 

 

The extreme scenario for W5 pattern is: 

 

Figure 109: Extreme corrosion scenario for pattern W5 - CTDOT 
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11.1.6.2. Flange corrosion 

Data regarding flange corrosion was very limited in the reports analyzed. Only two beam ends 
had a combination of the W5 corrosion pattern and flange corrosion. For this reason, the research 
team was not able to draw conclusion regarding flange corrosion. 

11.1.6.3. Holes 

No hole corrosion patterns combined with the W5 corrosion pattern were observed in the bridge 
inspection reports provided by CTDOT.  

11.2. Maine 

11.2.1.  Introduction 
As discussed in previous sections, the reports from Maine DOT do not provided specific 
information regarding corrosion. Due to the absence of measurements, photographic records and 
sketches, the research team was not able to identify the corrosion patterns from the inspection 
reports provided. 

While this was the case, the reports often reported information regarding thickness loss in the 
flanges and webs. It is worthwhile pointing out, however, that the information presented in the 
reports usually does not refer to a specific beam of the bridge. For these cases, the research team 
opted to store the information as if it referred to a single beam of the bridge, instead of assuming 
it a common feature for all the beams of the bridge. This means that several of the bridge 
inspection reports compiled by the research team comprise the information of a single beam. 

The results are presented state by state as the amount of beam ends varies considerably from one 
state to the other. From the reports provided by MaineDOT, the research team was able to compile 
39 beam ends. It is important to note that none of the beam ends reported presented diaphragms. 

11.2.2.  Web Corrosion 
Most of the reports presented information regarding web thickness loss. The information is 
provided without specifically referring to a beam. Figure 110 depicts the histogram of web 
thickness loss for the beams ends provided by MaineDOT. 
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Figure 110: Web thickness loss histogram from the beam ends compiled - MaineDOT 

The research team was not able to gather information regarding corrosion length or corrosion 
height from the reports provided by MaineDOT. These parameters would be beneficial to have as 
they assist the team in developing common corrosion patterns and shapes. 

11.2.3. Flange Corrosion 
Most of the reports that contained information regarding the web thickness loss also included 
information regarding flange thickness loss. More precisely, 29 out of the 39 beams ends 
compiled presented information regarding corrosion in the flanges. Figure 111 and Figure 112 
depict the flange thickness loss for the bottom and top flanges, respectively.  

 

Figure 111: Bottom flange thickness loss histogram from the beam ends compiled - 
MaineDOT 
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Figure 112: Top flange thickness loss histogram from the beam ends compiled - 
MaineDOT 

The comparison between Figure 111 and Figure 112 clearly shows that the thickness loss of top 
flanges is smaller than the thickness loss of the bottom flanges. This is likely a result of how ice 
and water flow to the bottom flanges. 

 

 

11.2.4. Holes 
The holes documented in the inspection reports provided by MaineDOT always have 
measurements and dimensions. From the reports provided by MaineDOT, the research team was 
able to identify five holes among the beam ends. All the holes reported by the bridge inspection 
reports had pictures that clearly depicted the holes, allowing the research team to classify the 
beam end into a topology. 

All five holes observed in the reports are M1. Additionally, Figure 113 and Figure 114 depict the 
dimensions of the holes observed in the bridge inspection reports from MaineDOT. 
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Figure 113: M1 web hole’s height distribution of W1 web corrosion pattern for beams 
without a diaphragm - MaineDOT 

 

Figure 114: M1 web hole’s depth distribution of W1 web corrosion pattern for beams 
without a diaphragm - MaineDOT 
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11.3.  Massachusetts 

11.3.1.  Introduction 
The data for Massachusetts was divided in two main categories, beams ends with a diaphragm 
and without a diaphragm. All the graphs in this part of the document represent the second case. 
Figure 115 contains the frequency of each of the defined corrosion patterns (the total amount of 
times each pattern appears in the reports). 

 

Figure 115: Web corrosion patterns distribution for beams without a diaphragm - 
MassDOT 

For each web corrosion pattern, we have normalized the characteristic dimensions (CH1, CH2, 
CH3, CL1, CL2, CL3) with the height H0, where 𝐻𝐻0 = 𝐻𝐻 − 2𝑡𝑡𝑓𝑓.  

11.3.2. Pattern W1 

11.3.2.1. Web Corrosion 

The distribution of CH1 is shown in Figure 116. From this histogram, 2 main trends are noticed: 
either a) full height corrosion, or b) corrosion up to 30% of H0. The parameters for the corrosion 
patterns can be found with corresponding diagrams in Section 1.5 Corrosion Patterns of this 
report. 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.3𝐻𝐻 𝑎𝑎𝑎𝑎𝑎𝑎 0.9𝐻𝐻 ≤ 𝐶𝐶𝐻𝐻1 ≤ 𝐻𝐻 



175 
 

 

Figure 116: CH1 distribution of W1 pattern for beams without a diaphragm - MassDOT 

Similarly, the CL1 distribution is shown in Figure 117. From this histogram, it is valid to say 
that most of the web corrosion length is up to 1.5 times the H0.  

 

Figure 117: CL1 distribution of W1 pattern for beams without a diaphragm - MassDOT 

Figure 118 shows the ratio of CL1/CH1 which indicates that in general, the length of the corroded 
area is bigger than its height. Figure 119 focuses on the range 0-15 for the same distribution.   
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Figure 118: Ratio of corrosion length (CL1) to corrosion height (CH1) of W1 pattern for 
beams without a diaphragm - MassDOT 

 

 

Figure 119: Ratio of corrosion length (CL1) to corrosion height (CH1) of W1 pattern for 
beams without a diaphragm (range 0-15) - MassDOT 

 

 

As an additional step, the corrosion length and the web thickness loss distribution for each of the 
two cases of CH1 were plotted, a) for CH1<0.3Ho (Figure 120) and b) for CH1>0.9Ho (Figure 121). 



177 
 

 

Figure 120: CL1 distribution of W1 web corrosion pattern, with corrosion height up to 
30% of H0 for beams without a diaphragm - MassDOT 

 

 

Figure 121: Max thickness loss distribution of W1 web corrosion pattern, with corrosion 
height up to 30% of H0 for beams without a diaphragm - MassDOT 

Based on Figure 121, we can define as extreme case the following, which covers 103 out of the 
161 beam ends that demonstrate a W1 corrosion pattern without diaphragms: 
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Figure 122: First extreme W1 web corrosion pattern, with corrosion height up to 30% of 
H0 for beams without a diaphragm - MassDOT 

 

Based on Figure 122, the values for the web thickness loss are:  𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤
 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.4,0.6,0.8} 

Figure 123 shows the distribution of CL1 for the case when CH1>0.9Ho.  

 

Figure 123: CL1 distribution of W1 web corrosion pattern with corrosion greater than 
90% of Ho for beams without a diaphragm - MassDOT 



179 
 

 

Figure 124: Max thickness loss distribution of W1 web corrosion pattern with corrosion 
height greater than 90% of Ho for beams without a diaphragm - MassDOT 

Figure 124 shows the maximum thickness loss distribution for the same groups of beams. 
Therefore, for the full height corrosion (>0.9Ho), two different cases are identified as shown in 
Figure 125 and Figure 126. 

 

Figure 125: Second extreme W1 web corrosion pattern, with corrosion height greater than 
90% of Ho for beams without a diaphragm - MassDOT 
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Figure 126: Third extreme W1 web corrosion pattern, with corrosion height greater than 
90% of Ho for beams without a diaphragm - MassDOT 

 

From Figure 124 we can conclude that the web thickness loss for this case is: 
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.8} 

11.3.2.2. Flange Corrosion 

For each of the three cases (Figure 122, Figure 125, Figure 126) the ratio of the length of the 
corroded flange over the length of the corroded web was plotted (figure Figure 127, Figure 128, 
Figure 129). 

 

Figure 127: Ratio of flange to web corrosion length distribution of W1 web corrosion 
pattern with corrosion height up to 30% of Ho for beams without a diaphragm - MassDOT 
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Figure 128: Ratio of flange to web corrosion length distribution of W1 web corrosion 
pattern for extreme scenario CASE B for beams without a diaphragm - MassDOT 

 

Figure 129: Ratio of flange to web corrosion length distribution of W1 web corrosion 
pattern for extreme scenario CASE C for beams without a diaphragm - MassDOT 

 

 

 

 

 

The flange thickness loss is plotted in Figure 130: 
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Figure 130: Max flange thickness loss distribution of W1 web corrosion pattern with 
corrosion height up to 30% of H0 for beams without a diaphragm - MassDOT 

 

 

Figure 131: Max flange thickness loss distribution of W1 web corrosion pattern with full 
height corrosion for beams without a diaphragm - MassDOT 

Thus, for Case A: 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.4,0.6,0.8} (Figure 130) and for Cases B and 

C: 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.45,0.65} (Figure 131). 

For all cases 1 ≤ 𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙
≤ 2 (Figure 127, Figure 128, Figure 129). 
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11.3.2.3. Holes 

The frequency of hole appearance is shown in Table 77. 

Table 77: Hole appearances for beams without a diaphragm - MassDOT 

 Number No hole M1 M2 M3 M4 M12 M13 M24 

W1  161 146 9 1 3 0 0 2 0 

W2 10 8 2 0 0 0 0 0 0 

W3 56 44 7 0 3 1 0 1 0 

W4 40 347 4 0 0 0 0 2 0 

W5 17 13 3 1 0 0 0 0 0 

W6 2 2 0 0 0 0 0 0 0 

 

According to the table, the W1 pattern is combined 9 times with the M1 hole pattern (not all cases 
provide data). The web thickness loss at these cases is given as shown in Figure 132: 

 

Figure 132: Max thickness loss distribution for W1 web corrosion patterns and M1 hole 
for beams without a diaphragm - MassDOT 

Thus, we could say that the holes appear when the web thickness loss exceeds 40%. The 
distribution of the holes dimensions is shown below: 
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Figure 133: M1 web hole’s pattern height distribution of W1 web corrosion pattern for 
beams without a diaphragm - MassDOT 

 

Figure 134: M1 web hole’s pattern length distribution of W1 web corrosion pattern for 
beams without a diaphragm - MassDOT 

 

Observing Figure 133 and Figure 134, our team decided that M1 appears in the form of pit holes 
(very small dimensions) or in a rectangular shape with the long side parallel to flange. Due to the 
small number of the available data for the holes, dimensions are not investigated for each case A, 
B, C separately.  
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The extreme scenario, projected on the W1 corrosion pattern Case C with a=0.22H and b=0.3H0 
is presented below: 

 

Figure 135: M1 extreme web hole pattern scenario of W1 web corrosion pattern, projected 
on W1 CASE A, for beams without a diaphragm - MassDOT 

11.3.3. Pattern W2 

11.3.3.1. Web corrosion 

The W2 pattern was observed in total only 10 times. Similar to the W1 pattern, the distributions 
of all normalized dimensions and web thickness loss were plotted. The parameters for the 
corrosion patterns can be found with corresponding diagrams in Section 1.5 Corrosion Patterns 
of this report. 

 

Figure 136: Web thickness loss distribution of W2 pattern for beams without a diaphragm 
- MassDOT 
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Figure 137: CH1 distribution of W2 pattern for beams without a diaphragm - MassDOT 

 

 

Figure 138: CL1 distribution of W2 pattern for beams without a diaphragm - MassDOT 
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Figure 139: CL2 distribution of W2 pattern for beams without a diaphragm - MassDOT 

 

From Figure 137, for 6 out of 9 cases, the corrosion height is up to 0.3 H. For these cases, the web 
corrosion height, length and web thickness loss are presented below: 

 
Figure 140: CL1 distribution of W2 web corrosion pattern corroded up to 30% of H0 for 

beams without a diaphragm - MassDOT 
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Figure 141: CL2 distribution of W2 web corrosion pattern corroded up to 30% of H0 for 

beams without a diaphragm - MassDOT 

 

 
Figure 142: Max thickness loss distribution of W2 web corrosion pattern corroded up to 

30% of H0 for beams without a diaphragm - MassDOT 

 

From Figure 138 and Figure 139: 0.5 < 𝐶𝐶𝐿𝐿1 ≤  1.1𝐻𝐻 , 0.25 < 𝐶𝐶𝐿𝐿2 ≤ 1.2𝐻𝐻, where the extreme 
scenario is illustrated as: 
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Figure 143: W1 Case A extreme web corrosion scenario projected over W2 extreme web 

corrosion scenario - MassDOT 

The blue area indicates the Case A of W1 pattern, and with red the extreme W2 pattern scenario. 
Since the rest of W2 cases fit in the blue shadowed area, W1 case A can be merged with W2. 
According to Figure 136 the thickness loss for W2 is in the Case A-W1 range. 

11.3.3.2. Flange corrosion 

There was no analysis conducted on flange corrosion since the worst scenario is included in the 
W1 corrosion scenario.  

11.3.3.3. Holes 

In W2 pattern the M1 hole appears twice with dimensions a1=b1=0.05 and a2=0.15 and b2=0.5 
which exceeds the W1 and M1 combination max hole length. 

11.3.4. Pattern W3 

11.3.4.1. Web Corrosion 

The parameters for the corrosion patterns can be found with corresponding diagrams in Section 
1.5 Corrosion Patterns of this report. The data analysis started with the CH2 distribution: 



190 
 

 
Figure 144: CH2 distribution of W3 web corrosion pattern for beams without a diaphragm 

- MassDOT 

From Figure 144, it is obvious that the dominant scenario is the full height corroded web case. 
For CH2=H0 the dimension and thickness distributions are presented. 

 
Figure 145: CH1 distribution of W3 web corrosion pattern with full height corrosion for 

beams without a diaphragm - MassDOT 
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Figure 146: CH3 distribution of W3 web corrosion pattern with full height corrosion for 

beams without a diaphragm - MassDOT 

 

 
Figure 147: CL1 distribution of W3 web corrosion pattern with full height corrosion for 

beams without a diaphragm - MassDOT 

 



192 
 

 

Figure 148: CL2 distribution of W3 web corrosion pattern with full height corrosion for 
beams without a diaphragm - MassDOT 

 

 
Figure 149: CL3 distribution of W3 web corrosion pattern with full height corrosion for 

beams without a diaphragm - MassDOT 
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Figure 150: Max web thickness loss distribution of W3 web corrosion pattern with full 

height corrosion for beams without a diaphragm - MassDOT 

From the last figures we can conclude that: 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.35 

0 < 𝐶𝐶𝐻𝐻3 ≤ 0.35 

0.05 < 𝐶𝐶𝐿𝐿1 ≤ 0.7 

0.5 < 𝐶𝐶𝐿𝐿3 ≤ 2.3 
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8} 

And therefore, the extreme scenario is: 

 
Figure 151: Extreme W3 web corrosion scenario for beams without a diaphragm - 

MassDOT 
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11.3.4.2. Flange Corrosion 

 

 
Figure 152: Ratio of flange to web corrosion length distribution of W3 web corrosion 

pattern with full height corrosion for beams without a diaphragm - MassDOT 

 
Based on Figure 152, the parameter CF is considered equal to parameter CL. 

 

Figure 153: Max flange loss thickness distribution of W3 web corrosion pattern with full 
height corrosion for beams without a diaphragm - MassDOT 
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𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 { 0.4,0.6,0.8} 

11.3.4.3. Holes 

Holes dimensions distribution: 

 

Figure 154: M1 web hole’s pattern height distribution of W3 web corrosion pattern for 
beams without a diaphragm - MassDOT 

 
Figure 155: M1 web hole’s pattern length distribution of W1 web corrosion pattern for 

beams without a diaphragm - MassDOT 

The extreme corrosion hole scenario with parameters a=0.21 and b=0.63 are presented below. 
This extreme case is projected on the W3 pattern corroded area: 
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Figure 156: M1 extreme web hole pattern scenario of W1 web corrosion pattern, projected 
on W3 extreme corrosion scenario, for beams without a diaphragm - MassDOT 

11.3.5. Pattern W4 

11.3.5.1. Web Corrosion 

The thickness loss, as well as the distribution of all normalized dimensions are plotted in the 
following figures. The parameters for the corrosion patterns can be found with corresponding 
diagrams in Section 1.5 Corrosion Patterns of this report. 

This is a bar chart that plots Times (0 to 5) vs CH1/H_0 from 0 to .8 

 

Figure 157: CH2 distribution of W4 web corrosion pattern for beams without a 
diaphragm - MassDOT 
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Figure 158: CH1 distribution of W4 web corrosion pattern for beams without a 
diaphragm - MassDOT 

 

Figure 159: CL1 distribution of W4 web corrosion pattern for beams without a diaphragm 
- MassDOT 
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Figure 160: CL2 distribution of W4 web corrosion pattern for beams without a diaphragm 
- MassDOT 

 

Figure 161: Max web thickness loss distribution of W4 web corrosion pattern for beams 
without a diaphragm - MassDOT 

From the CH2 histogram (Figure 157), two main trends were noticed: either a) full height 
corrosion, or b) corrosion up to 50% of H0. As an additional step, the corrosion dimensions (CH1, 
CL1, CL2, CL3) and the web thickness loss distribution for each of the two cases of CH1 were 
plotted, a) for CH1=0.5Ho and b) for CH1=Ho. 
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Figure 162 : CH1 distribution of W4 web corrosion pattern, with corrosion height up to 
50% of H0 for beams without a diaphragm - MassDOT 

 

Figure 163: CL1 distribution of W4 web corrosion pattern, with corrosion height up to 
50% of H0 for beams without a diaphragm - MassDOT 
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Figure 164: CL2 distribution of W4 web corrosion pattern, with corrosion height up to 
50% of H0 for beams without a diaphragm - MassDOT 

 

 

Figure 165: CL3 distribution of W4 web corrosion pattern, with corrosion height up to 
50% of H0 for beams without a diaphragm - MassDOT 
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Figure 166: Max web thickness loss distribution of W4 web corrosion pattern, with 
corrosion height up to 50% of H0 for beams without a diaphragm - MassDOT 

 

Based on Figure 162, Figure 163, Figure 164, Figure 165, Figure 166: 

𝐶𝐶𝐻𝐻1 = 0.12𝐻𝐻0 

1.2𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿2 ≤ 3.2𝐻𝐻0 

0.2𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿1 ≅ 𝐶𝐶𝐿𝐿3 ≤ 0.4𝐻𝐻0 
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.05,0.15,0.55,0.75} 

The extreme scenario is: 

 

Figure 167: First extreme W4 web corrosion scenario for beams without a diaphragm - 
MassDOT 
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Figure 168: CH1 distribution of W4 web corrosion pattern, with full height corrosion for 
beams without a diaphragm - MassDOT 

 
Figure 169: CL1 distribution of W4 web corrosion pattern, with full height corrosion for 

beams without a diaphragm - MassDOT 
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Figure 170: CL2 distribution of W4 web corrosion pattern, with full height corrosion for 

beams without a diaphragm - MassDOT 

 
Figure 171: CL3 distribution of W4 web corrosion pattern, with full height corrosion for 

beams without a diaphragm - MassDOT 
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Figure 172: Max web thickness loss distribution of W4 web corrosion pattern, with full 
height corrosion for beams without a diaphragm - MassDOT 

For the full height corrosion: 

0.1𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻1 ≤ 0.5𝐻𝐻0 

0 < 𝐶𝐶𝐿𝐿1 ≤  0.9𝐻𝐻0 

 0.5𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿2 ≤ 1.8𝐻𝐻0 

0 < 𝐶𝐶𝐿𝐿3 ≤ 0.2𝐻𝐻0 

 

with thickness loss: 
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0..4,0.6,0.8} 

 
Figure 173: Second extreme W4 web corrosion scenario for beams without a diaphragm - 

MassDOT 
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The two W4 extreme scenarios are now projected over the extreme W3 scenario (blue colour): 

 
Figure 174: First extreme W4 scenario (red) projected over extreme W3 web corrosion 

scenario (blue) - MassDOT 

 
Figure 175: Second extreme W4 scenario (red) projected over extreme W3 web corrosion 

scenario (blue) - MassDOT 

Considering the way W3 and W4 have been defined, W3 can be expressed by W4 if we set 
W4CL1=W4CL3 and W4CH3≠0. Figure 174 and Figure 175 demonstrate that W3 includes the 
extreme W4 scenarios, thus W3 and W4 could be merged to one pattern. 

11.3.5.2. Flange Corrosion 

There is no analysis of flange corrosion and the generation of a separate flange corrosion pattern 
since the worst scenario was included in the W3 corrosion scenario. 
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11.3.5.3. Holes 

Table 78: Hole appearances for beams- MassDOT 

 Number No hole M1 M2 M3 M4 M12 M13 M24 

W1  161 146 9 1 3 0 0 2 0 

W2 10 8 2 0 0 0 0 0 0 

W3 56 44 7 0 3 1 0 1 0 

W4 40 347 4 0 0 0 0 2 0 

W5 17 13 3 1 0 0 0 0 0 

W6 2 2 0 0 0 0 0 0 0 

 

According to the table, the W4 pattern is combined four times with the M1 hole pattern. The 
available data are not enough to extract conclusions about the web thickness loss at these cases. 
The corrosion holes dimension distribution can be seen in the figures below: 

 

 
Figure 176: M1 web hole’s pattern height distribution of W4 web corrosion pattern for 

beams without a diaphragm - MassDOT 
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Figure 177: M1 web hole’s pattern length distribution of W3 web corrosion pattern for 
beams without a diaphragm - MassDOT 

 

The extreme hole corrosion cases belong in the range of the W3 pattern with M1 pattern holes 
(Figure 156). 

11.3.6. Pattern W5 

11.3.6.1. Web corrosion 

Across the inspection reports, the W5 corrosion pattern was observed in total only 17 times. The 
parameters for the corrosion patterns can be found with corresponding diagrams in Section 1.5 
Corrosion Patterns of this report. The normalized dimensions and the web thickness loss for the 
W5 pattern are presented below: 

 

Figure 178. Max web thickness loss distribution of W5 web corrosion pattern for beams 
without a diaphragm - MassDOT 
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Figure 179: CH2 distribution of W5 web corrosion pattern for beams without a 

diaphragm - MassDOT 

 

Figure 180: Max web thickness loss distribution of W5 web corrosion pattern for beams 
without a diaphragm - MassDOT 



209 
 

 

Figure 181:Ratio of corrosion length to height of W1 web corrosion pattern for beams 
without a diaphragm - MassDOT 

From Figure 179, our team described the following: 0.15𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻1 ≤ 𝐻𝐻0 

From Figure 180, our team described: 0.5𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻1 ≤ 1.8𝐻𝐻0, with thickness loss:  
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡ℎ𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓{0.2,0.5} 

The extreme case: 

 

Figure 182: Extreme W4 web corrosion scenario for beams without a diaphragm - 
MassDOT 

According to Figure 181 the tested cases should have a ratio 1 ≤ 𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶

≤ 4 . 
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11.3.6.2. Flange corrosion 

Our team plotted the ratio of the length of the corroded flange over the length of the corroded 
web in the following figure. 

 

Figure 183: Ratio of flange to web corrosion length distribution of W5 web corrosion 
pattern for beams without a diaphragm - MassDOT 

Thus, our team stated the following:  1 ≤ 𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙
≤ 1.8 

 

Figure 184: Max flange thickness loss distribution of W5 web corrosion pattern for beams 
without a diaphragm - MassDOT 
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11.3.6.3. Holes 

There are very few cases found in the inspection reports with corrosion holes. To have an 
accurate data set, more data is necessary. As a result, and for validity, these cases were 
disregarded.  

11.4.  New Hampshire 

11.4.1.  Introduction 
Similar to the inspection reports from MaineDOT, the reports provided by NHDOT do not provide 
the dimensions of the corroded areas of the beams. Additionally, the corrosion information 
provided for web and flange thickness loss are clearly linked to the beams. 

Altogether, the research team was able to compile 13 out of the 15 reports provided by NHDOT. 
From the compiled reports, the research team was able to gather corrosion information of exactly 
41 beam ends. Most of the information consists of the thickness loss of flanges and webs. It is 
worthwhile mentioning that none of the beam ends had diaphragms. 

11.4.2. Web corrosion 
The inspection reports do not always provide information regarding web thickness loss. More 
precisely, only 20% of the reports provided such information. Figure 185 depicts the histogram 
of the web thickness loss reported in the bridge inspection reports from NHDOT. 

 

Figure 185: Web thickness loss histogram from the beam ends compiled - NHDOT 

As discussed above, the research team was not able to gather information regarding corrosion 
length or corrosion height from the reports provided by NHDOT. This meant that our team could 
not create corrosion patterns for the bridge beams we analyzed via NHDOT’s inspection reports. 

11.4.3. Flange Corrosion 
Many inspection reports provided by NHDOT had information regarding flange corrosion. 
Specifically, 36 out of the 40 compiled beam ends had information of flange corrosion either on 
the top flange or on the bottom flange. Figure 186 and Figure 187 depict the histogram of 
corrosion obtained for the bottom and top flanges, respectively. 
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Figure 186: Bottom thickness loss histogram from the beam ends compiled - NHDOT 

 

Figure 187 : Top thickness loss histogram from the beam ends compiled - NHDOT 

 

11.4.4. Holes 
Only two holes were observed in the inspection reports provided by NHDOT. Additionally, both 
holes were reported with photographs. The dimensions of the holes are described by the plots in 
Figure 188 and Figure 189. 
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Figure 188: M1 web hole’s height distribution of W1 web corrosion pattern for beams 
without a diaphragm - NHDOT 

 

 

Figure 189: M1 web hole’s length distribution of W1 web corrosion pattern for beams 
without a diaphragm - NHDOT 

 

11.5.  Rhode Island 

11.5.1.  Introduction 
As discussed in the previous sections, the results are presented for each state individually as the 
amount of beam ends vary significantly from one state to the other. In addition to dividing data 
by state, the beam ends were also divided into two subgroups. The beam ends without a diaphragm 
system and the beam ends with a diaphragm system. 

From the reports provided by RIDOT, the research team was able to gather corrosion information 
of 89 beam ends without a diaphragm. Figure 190 depicts the frequency of corrosion patterns for 
beam ends without a diaphragm. 
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Figure 190 : Web corrosion patterns distribution for beams ends without diaphragm – 
RIDOT 
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11.5.2.  Pattern W1 

11.5.2.1. Web corrosion 

The parameters for the corrosion patterns can be found with corresponding diagrams in Section 
1.5 Corrosion Patterns of this report. The study starts by analyzing the height of corrosion for 
pattern W1, depicted in Figure 191. 

 

Figure 191: CH1 distribution of W1 pattern for beams without diaphragm - RIDOT 

 

From Figure 191 is possible to observe that most of the beam ends have CH1 <0.5. Our team 
was able to isolate the beams which present CH1<0.5. By doing this, we expected to understand 
the interaction between the parameters of the corrosion pattern W1. Additionally, our team 
expected to detect a pattern from which there is opportunity to determine an extreme scenario. 

 

Figure 192: CL1 distribution of W1 pattern for beams without a diaphragm and 
CH1<0.5H0 – RIDOT 

Figure 192 clearly depicts a trend, which is CL1<3. Therefore, our team assumed that: 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.5𝐻𝐻0 
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0 < 𝐶𝐶𝐿𝐿1 ≤ 3𝐻𝐻0  

Figure 193 depicts the web thickness loss for the case CH1<0.5H0 and CL1<3. 

 

Figure 193: Web thickness loss of W1 pattern for beams without a diaphragm, 
CH1<0.5H0 and CL1< 3H0 – RIDOT 

Figure 193 depicts that the thickness loss clusters between 0% until 30%. That, is: 

0 <
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

≤ 0.3 

By gathering the intervals determined from Figure 191, Figure 192 and Figure 193, our team was 
able to determine the extreme case of corrosion for pattern W1. A schematic illustration of this 
extreme case of corrosion is depicted in Figure 194. 

 

Figure 194: Extreme scenario for pattern W1 – RIDOT 

11.5.2.2. Flange corrosion 

The research team was able to record flange corrosion information for only 12 beam ends from 
the reports provided by RIDOT. Half of the recorded measurements are combined with pattern 
W1.  
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Due to the limited quantities of beams with flange corrosion, the team was not able to detect any 
trend regarding flange corrosion from the recorded data. Figure 195, Figure 196 and Figure 197 
depict the statistics the research team was able to extract from the available data.  

 

 

Figure 195: Flange thickness Loss for pattern W1 – RIDOT 

 

 

Figure 196: Flange corrosion length for pattern W1 – RIDOT 
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Figure 197: Ratio between flange corrosion length and web corrosion length for pattern 
W1 – RIDOT 

11.5.2.3. Holes 

Table 79: Holes and patterns for beams without a diaphragm – RIDOT portrays the frequency 
of corrosion patterns and holes that the research team was able to record from the bridge 
inspection reports provided by RIDOT. 

Table 79: Holes and patterns for beams without a diaphragm – RIDOT 

 Number No 
Hole 

M
1 

M
2 

M
3 

M
4 

M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 54 49 4 0 1 0 0 0 0 
W2 1 1 0 0 0 0 0 0 0 
W3 25 21 0 0 1 2 0 0 0 
W4 5 5 0 0 0 0 0 0 0 
W5 4 4 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 
 

Therefore, only 5 holes were reported and were combined with the W1 corrosion pattern. 
Unfortunately, no trend was detected by the research team. Figure 198, Figure 199, Figure 200 
and Figure 201 depicts the dimensions of the recorded corrosion holes. 
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Figure 198: Height of M1 holes combined with W1 pattern – RIDOT 

 

Figure 199: Depth of M1 holes combined with W1 pattern – RIDOT 

 

Figure 200: Height of M3 hole combined with W1 pattern – RIDOT 
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Figure 201: Depth of M3 holes combines with W1 pattern – RIDOT 

11.5.3.  Pattern W2 

11.5.3.1. Web Corrosion 

Just a single case of the W2 corrosion pattern was recorded. Therefore, it was not possible to 
study trends from the available data. The parameters for the corrosion patterns can be found with 
corresponding diagrams in Section 1.5 Corrosion Patterns of this report. 

The dimensions of the recorded W2 case are: 

𝐶𝐶𝐻𝐻1
𝐻𝐻0

= 11% 

𝐶𝐶𝐿𝐿1
𝐻𝐻0

= 26.2% 

𝐶𝐶𝐿𝐿2
𝐻𝐻0

= 16.6% 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

= 24.4% 

Figure 202 depicts a schematic sketch of the recorded W2 case. 
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Figure 202: Schematic representation of W2 pattern – RIDOT 

11.5.3.2. Flange Corrosion 

There was no flange corrosion analyzed or recorded for this case. 

11.5.3.3. Holes 

There were no holes analyzed, recorded, or combined with this case. 

11.5.4.  Pattern W3 

11.5.4.1. Web Corrosion 

Similar to the other cases, the study of W3 corrosion pattern begins by the analysis of the total 
corrosion height, characterized by parameters CH2 of pattern W3. The parameters for the 
corrosion patterns can be found with corresponding diagrams in Section 1.5 Corrosion Patterns 
of this report. Figure 203 depicts the resulting distribution of CH2 for beams ends without 
diaphragm. 

 

Figure 203: CH2 distribution for W3 pattern - RIDOT 

Figure 203 depicts the clear trend that CH2>0.9H0. Therefore, one is able to obtain the 
distribution of the other parameters given that Ch2>0.9H0. Figures Figure 204, Figure 205, 
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Figure 206, Figure 207 and Figure 208 depict the behavior of the other parameters given that 
CH2>0.9H0. 

 

Figure 204: CH1 distribution for W3 pattern and CH2>0.9H0 - RIDOT 

 

Figure 205: CH3 distribution for W3 pattern and CH2>0.9H0 - RIDOT 

 

Figure 206: CL1 distribution for W3 pattern and CH2>0.9H0 - RIDOT 
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Figure 207: CL2 distribution for W3 pattern and CH2>0.9H0 - RIDOT 

 

Figure 208: CL3 distribution for W3 pattern and CH2>0.9H0 - RIDOT 

Figure 209 depicts the web thickness loss for the W3 corrosion pattern. 

 

Figure 209: Web thickness loss distribution for W3 pattern and CH2>0.9H0 - RIDOT 
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From the previous figures, our team was able to determine the intervals for the W3 corrosion 
patterns, which can be written as: 

0 ≤ 𝐶𝐶𝐻𝐻1 ≤ 0.4𝐻𝐻0 

0.9𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻2 ≤ 1𝐻𝐻0  

0 ≤ 𝐶𝐶𝐻𝐻3 ≤ 0.4𝐻𝐻0 

0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 0.5𝐻𝐻0 

0 ≤ 𝐶𝐶𝐿𝐿2 ≤ 2.5𝐻𝐻0 

0.5𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿3 ≤  3𝐻𝐻0 

0.1 ≤
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

≤ 0.5 

 

 

Figure 210 depicts a schematic representation of the extreme corrosion case for W3 corrosion 
pattern. 

 

Figure 210: Extreme corrosion case for W3 pattern - RIDOT 

11.5.4.2. Flange Corrosion 

From the bridge inspection reports, the research team was able to record 4 cases of flange 
corrosion combined with the pattern W3. No trend was detected by the research team regarding 
the flange thickness loss. Figures Figure 211, Figure 212 and Figure 213 depict the statistics that 
the research team was able to obtain from the bridge inspection reports. 
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Figure 211: Flange thickness loss distribution for W3 pattern – RIDOT 

  

Figure 212: Flange corrosion length for W3 pattern – RIDOT 

 

Figure 213: ratio between flange corrosion length and web corrosion length for W3 
pattern – RIDOT 

It is worth noting that, although no trend was depicted, it is possible to observe that the behavior 
of the corrosion of the flanges is similar to the corrosion of the web. That is, the length of 
corroded flange is close to the total length of web corrosion. 
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11.5.4.3. Holes 

From the bridge inspection reports provided by RIDOT, the research team was able to record only 
3 holes combined with the W3 corrosion pattern, as portrayed in Figures 186, 187, 188, and 189. 
As not all three holes belong to the same topology, the research team was not able to identify 
trends in the data. 

Figure 214, Figure 215, Figure 216 and Figure 217 depict the dimensions of the recorded holes. 

 

Figure 214: Height of M3 hole combined with W3 pattern – RIDOT 

 

Figure 215: Length of M3 hole combined with W3 pattern – RIDOT 

 

Figure 216: Height of M4 holes combined with W3 pattern – RIDOT 
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Figure 217: Length of M3 hole combined with W3 pattern – RIDOT 

11.5.5. Pattern W4 

11.5.5.1. Web Corrosion 

Figure 218 depicts the distribution of CH2 of pattern W4. Figure 218 clearly depicts the trend of 
CH2>0.9H0. The research team was not able to detect trends as the other parameters of W4 
pattern are scattered, which limited our research team in detecting trends. The parameters for the 
corrosion patterns can be found with corresponding diagrams in Section 1.5 Corrosion Patterns 
of this report. Figure 219, Figure 220, Figure 221 and Figure 222 depict the distribution of the 
other parameters recorded from the bridge inspection reports. 

 

Figure 218: CH2 distribution for W4 pattern – RIDOT 
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Figure 219: CH1 distribution for W4 pattern – RIDOT 

 

Figure 220: CL1 distribution for W4 pattern – RIDOT 

 

Figure 221: CL2 distribution for W4 pattern – RIDOT 
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Figure 222: CL3 distribution for W4 pattern – RIDOT 

Figure 223 depicts the web thickness loss of the W4 corrosion pattern.  

 

Figure 223: Web thickness loss distribution for W4 pattern – RIDOT 

11.5.5.2. Flange Corrosion 

From the bridge inspection reports, the research team was able to record just two measurements 
of flange corrosion combined with the W4 corrosion pattern. As two recorded pattern instances 
are not enough to define trends, Figure 224, Figure 225, and Figure 226 depict the measurements 
provided by the inspection reports. 

 

Figure 224: Flange corrosion length distribution for W4 pattern – RIDOT 
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Figure 225: Ratio between flange corrosion length and corrosion length for W4 pattern – 
RIDOT 

 

 

Figure 226: Flange thickness loss distribution for W4 pattern – RIDOT 

 

11.5.5.3. Holes 

No holes were reported in this section which combined with the W4 corrosion pattern. 
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11.5.6. Pattern W5 

11.5.6.1. Web corrosion 

The research team was able to record data from 4 cases of the W5 corrosion pattern. The 
parameters for the corrosion patterns can be found with corresponding diagrams in Section 1.5 
Corrosion Patterns of this report. As the amount of data recorded was not enough to detect any 
trends, Figure 227 and Figure 228 depict only the histogram of the parameters. 

 

Figure 227: CH1 distribution for W5 pattern – RIDOT 

 

Figure 228: CL1 distribution for W5 pattern – RIDOT 

Figure 229 depicts the web thickness loss for the W5 corrosion pattern. 

 

Figure 229: Web thickness loss for W5 pattern – RIDOT 
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11.5.6.2. Flange corrosion 

No flange corrosion information was reported combined with the W5 corrosion pattern. 

11.5.6.3. Holes 

No holes were reported combined with the W5 corrosion pattern. 

11.6.  Vermont 

11.6.1.  Introduction 
The research team was able to find corrosion information in only 15 out of approximately 70 
reports provided by VTrans. From the compiled reports, we were able to gather information for 
36 beams ends. Similar to the reports from MaineDOT and NHDOT, the reports from VTrans 
do not present the measurements of the corroded area. Therefore, only information regarding 
web and flange thickness loss were collected. Additionally, this means that corrosion patterns 
were not created due to the lack of parameters. It is also imperative to note that the reports did 
not clearly link the corrosion information to a specific beam. Aiming to treat the reports from all 
states equally, the information was compiled as if it referred to a single beam. 

11.6.2. Web corrosion 
As stated above, the absence of sketches and labels on the pictures hampered the research team 
to classify the corrosion topology. For this reason, the only information regarding web corrosion 
that the research team was able to obtain from the VTrans bridge inspection reports was the web 
thickness loss. Figure 230 depicts the histogram of web thickness loss obtained from the data 
provided by VTrans reports. 

 

Figure 230: Web thickness loss histogram from the beam ends compiled - VTrans 

 

11.6.3. Flange corrosion 
Similar to the reports from MaineDOT and NHDOT, the reports from VTrans often present 
information regarding the thickness loss in the flanges. Figures Figure 231 and Figure 232 
depict the thickness loss for bottom and top flanges, respectively. 
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Figure 231: Bottom flange thickness loss histogram from the beam ends compiled - 
VTrans 

 

 

Figure 232: Top flange thickness loss histogram from the beam ends compiled - VTrans 

11.6.4. Holes 
Although a relatively small amount of beam ends was compiled, a significant number of holes 
were observed in the data. 11 holes were observed in the documents provided by VTrans. Table 
52 denotes the topologies of the observed holes. 

Table 80: Holes for beams ends from VTrans 

Topology # of reported holes 
M1 5 
M2 0 
M3 2 
M4 2 

M1+M3 1 
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M1+M2 0 
M2+M4 0 

 

 

The dimensions of the holes are depicted in Figure 233, Figure 234, Figure 235, Figure 236, 
Figure 237, Figure 238, and Figure 239. 

 

Figure 233: M1 web hole’s height distribution beams without a diaphragm - VTrans  

 

Figure 234: M1 web hole’s depth distribution beams without a diaphragm - VTrans 
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Figure 235: M3 web hole’s height distribution beams without a diaphragm - VTrans 

 

Figure 236 : M3 web hole’s depth distribution beams without a diaphragm - VTrans 
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Figure 237: M4 web hole’s height distribution beams without a diaphragm - VTrans 

 

Figure 238: M4 web hole’s depth distribution beams without a diaphragm - VTrans 
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Figure 239 : M4 web hole’s distance from beam edge distribution beams without a 
diaphragm - VTrans 

 

12. Appendix II – Detailed data and processing 
graphs for beam ends with a diaphragm 

12.1.  Connecticut 

12.1.1.  Introduction 
As commented in the previous sections, the data was divided by state as the number of beams 
ends were significantly different from one state to the other. Thus, to not introduce bias in the 
results, all states were individually analyzed. Following this initial grouping of the data, beam 
ends were divided into two sub-groups: the ones with diaphragm and the ones without. In this 
section all information and graphs presented regard the beams ends with a diaphragm system from 
Connecticut. 

Figure 240 depicts the frequency of patterns obtained for beam ends with a diaphragm from the 
reports provided by CTDOT. 
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Figure 240: Web corrosion patterns distribution for beams ends with a diaphragm – 
CTDOT 

 

Similar to all other cases, the dimensions CH1, CH2, CH3, CL1, CL2, CL3 are always 
normalized by H0, where 𝐻𝐻0 = 𝐻𝐻 − 2𝑡𝑡𝑓𝑓. 

12.1.2.  Pattern W1 

12.1.2.1. Web corrosion 

The study began with the analysis of the distribution of the corrosion height, depicted in Figure 
241. The parameters for the corrosion patterns can be found with corresponding diagrams in 
Section 1.5 Corrosion Patterns of this report. 
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Figure 241: Distribution of corrosion height for W1 pattern – CTDOT 

Our team discovered that, similar to the beams without a diaphragm, two trends are noticeable: 
(i) CH1<0.2H0, (ii) CH1 >0.9H0.  

Figure 242 depicts the length of corrosion for CH1<0.2H0, whereas Figure 243 depicts the 
length corrosion distribution for CH1>0.9H0. 

 

Figure 242: Corrosion length distribution for W1 pattern and CH1 <0.2H0 – CTDOT 
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Figure 243 : Corrosion length distribution for W1 pattern and CH1 >0.9H0 – CTDOT 

Figure 244 and Figure 245 depict the web thickness loss for CH1<0.2H0 and CH1>0.9H0, 
respectively. 

 

Figure 244 : Web thickness loss for W1 pattern and CH1<0.2H0 – CTDOT 
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Figure 245 : Web thickness loss for W1 pattern and CH1>0.9H0 – CTDOT 

Therefore, from the last figures, our team was able to define the following two corrosion cases: 

𝐶𝐶𝑎𝑎𝐶𝐶𝐶𝐶 𝐴𝐴 {█(0 < 𝐶𝐶𝐻𝐻1 ≤ 0.2𝐻𝐻_0  @0.2𝐻𝐻_0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 1.1𝐻𝐻_0@0.1 ≤ 𝑡𝑡_𝑙𝑙𝑙𝑙𝐶𝐶𝐶𝐶/𝑡𝑡_𝑤𝑤𝐶𝐶𝑏𝑏 ≤ 0.4 )┤ 

𝐶𝐶𝑎𝑎𝐶𝐶𝐶𝐶 𝐵𝐵 {█(0.9𝐻𝐻_0 ≤ 𝐶𝐶𝐻𝐻1 ≤ 1𝐻𝐻_0@0.2𝐻𝐻_0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 0.4𝐻𝐻_0@0.1 ≤ 𝑡𝑡_𝑙𝑙𝑙𝑙𝐶𝐶𝐶𝐶/𝑡𝑡_𝑤𝑤𝐶𝐶𝑏𝑏 
≤ 0.3 )┤ 

Figure 246 and Figure 247 depict Case A and B. 

 

Figure 246: Extreme corrosion scenario (case A) for beams with a diaphragm, W1 pattern 
– CTDOT 
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Figure 247: Extreme corrosion scenario (case B) for beams with a diaphragm, W1 pattern 
– CTDOT 

Figure 248 and Figure 249 depict the overlapping of extreme corrosion cases for beams with 
and without a diaphragm system. 

 

Figure 248: Comparison between extreme corrosion scenarios. Blue represents the 
extreme scenario for beams without diaphragm, whereas the region in red depicts extreme 

corrosion scenario for beams with a diaphragm – CTDOT 

 

Figure 249: Comparison between extreme corrosion scenarios. Blue represents the 
extreme scenario for beams without diaphragm, whereas the region in red depicts extreme 

corrosion scenario for beams with a diaphragm – CTDOT 
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12.1.2.2. Flange corrosion 

The research team was not able to collect information regarding flange corrosion for beam ends 
with a diaphragm system. For this reason, we were not able to study the flange corrosion of beams 
ends with a diaphragm from Connecticut. 

12.1.2.3. Holes 

Table 81 presents the frequency of holes and patterns found for beams ends with diaphragm. 

Table 81: Holes and patterns for beams ends with diaphragm from CTDOT 
 

Number No 
Hole 

M
1 

M
2 

M
3 

M
4 

M1 and 
M2 

M1 and 
M3 

M2 and 
M4 

W1 36 34 1 1 0 0 0 0 0 
W2 0 0 0 0 0 0 0 0 0 
W3 7 7 0 0 0 0 0 0 0 
W4 3 2 1 0 0 0 0 0 0 
W5 2 2 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

 

According to Table 53, only two holes were observed combined with the W1 corrosion pattern. 
The small amount of data available meant that the research could not draw conclusions. The 
dimensions of the holes are: 

Table 82: Dimensions of holes of pattern W3 for beam ends with a diaphragm – CTDOT 

Hole topology Length Deep 
M1 17.7% 17.7% 
M2 24% 24% 
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12.1.3. Pattern W3 

12.1.3.1. Web corrosion 

Although just seven cases of the W3 corrosion pattern combined with diaphragms were recorded, 
all cases presented corrosion height equal to the height of the web, as depicted in Figure 250. The 
parameters for the corrosion patterns can be found with corresponding diagrams in Section 1.5 
Corrosion Patterns of this report. 

 

Figure 250: CH2 distribution for W3 pattern for beams with a diaphragm – CTDOT 

The other parameters of  the W3 corrosion pattern are plotted in Figure 251, Figure 252, Figure 
253, Figure 254 and Figure 255. 

 

Figure 251: CH1 distribution for W3 pattern for beams with a diaphragm – CTDOT 
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Figure 252: CH2 distribution for W3 pattern for beams with a diaphragm – CTDOT 

 

Figure 253: CL1 distribution for W3 pattern for beams with a diaphragm – CTDOT 
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Figure 254: CL2 distribution for W3 pattern for beams with a diaphragm – CTDOT 

 

Figure 255: CL3 distribution for W3 pattern for beams with a diaphragm – CTDOT 
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Figure 256 depicts the web thickness loss distribution for pattern W3. 

 

Figure 256: Web thickness loss distribution for W3 pattern for beams with a diaphragm – 
CTDOT 

Therefore, from the last figures, our team was able to determine the intervals of the W3 
corrosion pattern for beams ends with diaphragms. 

0.1𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻1 ≤ 0.2𝐻𝐻0 

𝐶𝐶𝐻𝐻2 𝑡𝑡𝑎𝑎𝑡𝑡𝐶𝐶𝐶𝐶 𝑡𝑡ℎ𝐶𝐶 𝑣𝑣𝑎𝑎𝑙𝑙𝑣𝑣𝐶𝐶 𝑙𝑙𝑜𝑜 {1} 

0.1𝐻𝐻0 ≤ 𝐶𝐶𝐻𝐻3 ≤  0.2𝐻𝐻0  

0.2𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 0.4𝐻𝐻0 

0.4𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿2 ≤ 2.2𝐻𝐻0  

0.4𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿3 ≤ 2.5𝐻𝐻0 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

𝑡𝑡𝑎𝑎𝑡𝑡𝐶𝐶𝐶𝐶 𝑡𝑡ℎ𝐶𝐶 𝑣𝑣𝑎𝑎𝑙𝑙𝑣𝑣𝐶𝐶𝐶𝐶 𝑙𝑙𝑜𝑜 {0.2, 0.25, 0.85} 

Figure 257 depicts the extreme case of the W3 corrosion pattern for beam ends with a 
diaphragm system. 
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Figure 257: Extreme corrosion scenario of W3 pattern for beam ends with a diaphragm – 
CTDOT 

Figure 258 displays the comparison between the corrosion for beam ends with and without a 
diaphragm system. 

 

Figure 258: Comparison between extreme corrosion scenarios. Blue represents the 
extreme scenario for beams without diaphragm, whereas the region in red depicts extreme 

corrosion scenario for beams with a diaphragm – CTDOT 

12.1.3.2. Flange corrosion 

No information regarding flange corrosion combined with the W3 corrosion patterns for beam 
ends with a diaphragm were found in the reports provided by CTDOT. 

12.1.3.3. Holes 

As displayed in Table 53 , no holes were found combined with the W3 corrosion patterns in beam 
ends with a diaphragm. 
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12.2. Massachusetts 

12.2.1.  Introduction 
The data was divided into two main categories, beams ends with a diaphragm system and beam 
ends without a diaphragm system. All the graphs in this part of the document represent the first 
case. The histogram below contains the frequency of each of the defined corrosion patterns (the 
total amount of times each pattern appears in the reports). 

 

Figure 259. Web corrosion patterns distribution for beams with a diaphragm - MassDOT 

For each web corrosion pattern, we have normalized the characteristic dimensions (CH1, CH2, 
CH3, CL1, Cl2, CL3) with the height H0, where 𝐻𝐻0 = 𝐻𝐻 − 2𝑡𝑡𝑓𝑓.  

12.2.2. Pattern W1 

12.2.2.1. Web Corrosion 

The parameters for the corrosion patterns can be found with corresponding diagrams in Section 
1.5 Corrosion Patterns of this report. 
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Figure 260. CH1 distribution of W1 web pattern for beams with a diaphragm (total 189). - 
MassDOT 

 

Figure 261: CL1 distribution of W1 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 262: Max thickness loss distribution of W1 web corrosion pattern for beams with a 
diaphragm - MassDOT 

From the CH1 histogram, two main trends are noticed, which cover almost the 85% of cases (158 
out of 189): either a) full height corrosion, or b) corrosion up to 30% of H0.  

𝐶𝐶𝐻𝐻1 =  𝐻𝐻0 𝑙𝑙𝑜𝑜 0 < 𝐶𝐶𝐻𝐻1 ≤ 0.3𝐻𝐻0 

For full height: 

 

Figure 263: CL1 distribution of full height W1 web corrosion pattern for beams with a 
diaphragm - MassDOT 
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Figure 264: Max thickness loss distribution of full height W1 web corrosion pattern for 
beams with a diaphragm - MassDOT 

By observing the figure for full height corrosion and CL<=0.35H, we saw: 

(8) 

Figure 265: Max web thickness loss distribution of W1 web corrosion pattern, with 
corrosion height up to 35% of H0, for beams with a diaphragm - MassDOT 

 

For the full height corrosion case, one case is identified: CASE A 
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Figure 266: First extreme W1 web corrosion pattern, with full height corrosion for beams 

with a diaphragm - MassDOT 

 

With web thickness loss 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤
 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.4,0.6} (Figure 86) 
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12.2.2.2. Flange Corrosion for Case A 

 

 

Figure 267: Ratio of flange to web corrosion length distribution of W1 web corrosion 
pattern, with full height corrosion and up to 35% of H0 length, for beams with a 

diaphragm - MassDOT 

 

Figure 268: Max flange thickness loss distribution of W1 web corrosion pattern, with full 
height corrosion and up to 35% of H0 length, for beams with a diaphragm - MassDOT 
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Thus, for case A: 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.15,0.45} (Figure 268). The ratio of the length of the 

corroded flange over the length of the corroded web 1 ≤ 𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙  ≤1.7 

For 0 < 𝐶𝐶𝐻𝐻1 ≤ 0.3  

 

Figure 269: Max web thickness loss distribution of W1 web corrosion pattern with 
corrosion height up to 30% of H0 for beams with a diaphragm - MassDOT 

 

Figure 270: CL1 thickness loss distribution of W1 web corrosion pattern with corrosion 
height up to 30% of H0 for beams with a diaphragm - MassDOT 

 

From Figure 270,0 < 𝐶𝐶𝐿𝐿1 ≤ 2.5 with web thickness loss 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤
 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.4,0.6,0.8}. 

CASE B 
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Figure 271: Second extreme W1 web corrosion pattern, with corrosion height up to 30% 
of H0 for beams with a diaphragm - MassDOT 

 

 

For Case B: 𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.4,0.6,0.8} (Figure 269). The ratio of the length of the 

corroded flange over the length of the corroded web 0 < 𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙  ≤1 (Figure 267). 

12.2.2.3. Flange Corrosion for Case B 

For CH1<0.3H0 

 

Figure 272:  Ratio of flange to web corrosion length distribution of W1 web corrosion 
pattern with corrosion height up to 30% of H0 for beams with a diaphragm - MassDOT 
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Figure 273: Max flange thickness loss distribution of W1 web corrosion pattern with 
corrosion height up to 30% of H0 for beams with a diaphragm - MassDOT 

12.2.2.4. Holes 

The W1 corrosion pattern is combined 11 times with the M1 hole corrosion pattern. The web 
thickness loss, holes dimensions, and corrosion height at these cases are given as: 

 

Figure 274. Max thickness loss distribution for W1 web corrosion patterns and M1 hole 
for beams with a diaphragm - MassDOT 
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Figure 275: M1 web hole’s pattern height distribution of W1 web corrosion pattern for 
beams with a diaphragm - MassDOT 

 

Figure 276: M1 web hole’s pattern length distribution of W1 web corrosion pattern for 
beams with a diaphragm - MassDOT 
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Figure 277:  CH1 distribution for beams with M1 hole and W1 web corrosion pattern and 
a diaphragm - MassDOT 

From Figure 277, we can conclude that holes are equally distributed between web corrosion 
scenarios CASE A and CASE B. It is worth mentioning that there are two cases of long holes that 
are parallel to flange holes (Figure 276). The two longest holes (1.3H0 and 1.4 H0) are also the 
corrosion holes with the highest height (0.18 and 0.21) respectively. As a result, an extreme hole 
case is considered the following (projected on Case B web corrosion scenario): 

 

Figure 278: M1 extreme web hole pattern scenario of W1 web corrosion pattern, for 
beams with a diaphragm - MassDOT 

 

There are also 4 cases of the M2 corrosion hole pattern. The web thickness loss, holes 
dimensions, and corrosion height at these cases are given as: 
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Figure 279. Max thickness loss distribution for W1 web corrosion patterns and M2 hole 
for beams with a diaphragm - MassDOT 

 

 

 

Figure 280: M2 web hole’s pattern height distribution of W1 web corrosion pattern for 
beams with a diaphragm - MassDOT 
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Figure 281: M2 web hole’s pattern length distribution of W1 web corrosion pattern for 
beams with a diaphragm - MassDOT 

 

The data gathered from the inspection reports is very small for the research team to extract valid 
conclusions. 

12.2.3. Pattern W2 

12.2.3.1. Web Corrosion 

The W2 corrosion pattern was observed in total only 47 times. The parameters for the corrosion 
patterns can be found with corresponding diagrams in Section 1.5 Corrosion Patterns of this 
report. 
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Figure 282. CH1 distribution of W2 pattern for beams with a diaphragm - MassDOT 

 

 

Figure 283: CL1 distribution of W2 pattern for beams with a diaphragm - MassDOT 
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Figure 284: CL2 distribution of W2 pattern for beams with a diaphragm - MassDOT 

 

Figure 285: Web thickness loss distribution of W2 pattern for beams with a diaphragm - 
MassDOT 

From the above figure, our team stated: 

0 < 𝐶𝐶𝐻𝐻1 ≤ 0.5𝐻𝐻0 

0 < 𝐶𝐶𝐿𝐿1 ≤ 0.6𝐻𝐻0 

0 < 𝐶𝐶𝐿𝐿2 ≤ 1.8𝐻𝐻0  

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.2,0.4,0.6,0.8} 
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Figure 286: Extreme W2 web corrosion pattern for beams with a diaphragm - MassDOT 

 

 

Figure 287: W2 extreme web corrosion scenario (with red color) projected over W1 CASE 
B extreme web corrosion scenario (with blue color) - MassDOT 

The W1 corrosion pattern can be considered as a case of W2 with CL2 equal to zero here. 
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12.2.3.2. Flange Corrosion 

 

 

Figure 288: Ratio of flange to web corrosion length distribution of W2 web corrosion 
pattern corrosion for beams with a diaphragm - MassDOT 

 

Figure 289: Max flange loss thickness distribution of W2 web corrosion pattern for beams 
without a diaphragm - MassDOT 

12.2.3.3. Holes 

Table 83: Holes for beams with a diaphragm – MassDOT 

 Number No hole M1 M2 M3 M4 M12 M13 M24 

W1  214 190 11 4 5 2 2 0 0 
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W2 47 41 1 4 0 0 1 0 0 

W3 160 112 23 5 6 2 7 4 1 

W4 16 13 1 2 0 0 0 0 0 

W5 9 9 0 0 0 0 0 0 0 

W6 0 0 0 0 0 0 0 0 0 

 

According to the table above, the W2 corrosion pattern is combined once with the M1 hole 
corrosion pattern and 4 times with the M2 hole corrosion pattern. As it was already mentioned 
W2 and W1 will be combined and used as one pattern. Thus, for the M1 hole corrosion pattern 
our team checked if the dimensions of the unique hole belong in the range of the W1 pattern and 
M1 pattern combination. The unique hole with a=0.089H0 and b=0.31H0 satisfies the limits of 
Figure 100. 

For M2 hole corrosion pattern, the sample for the W1 pattern was very small, so the team was not 
able to extract conclusions. This led our team to process the M2 hole corrosion pattern for both 
W1 and W2 together: 

 

Figure 290: M2 web hole’s pattern height distribution of W1 and W2 web corrosion 
patterns for beams with a diaphragm - MassDOT 
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Figure 291: M2 web hole’s pattern length distribution of W1 and W2 web corrosion 
patterns for beams with a diaphragm - MassDOT 

Following this grouping, our team still found the sample to be very small (3 values for M2a, and 
5 for M2b). We then assumed that M2 holes present thin and long 100% material loss areas 
underneath the diaphragm: 

 

Figure 292: M2 hole pattern projected on the extreme W2 web corrosion pattern. With 
black color is illustrated the diaphragm that could be found with these patterns. The 

parameters are a<=0.11, and b<=0.3 - MassDOT 

12.2.4. Pattern W3 

12.2.4.1. Web Corrosion 

The data analysis started with the CH2 distribution. The parameters for the corrosion patterns can 
be found with corresponding diagrams in Section 1.5 Corrosion Patterns of this report. 
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Figure 293. CH2 distribution of W3 web corrosion pattern for beams with a diaphragm - 
MassDOT 

 

 

Figure 294: CH1 distribution of W3 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 295: CH3 distribution of W3 web corrosion pattern for beams with a diaphragm - 
MassDOT 

 

Figure 296: CL1 distribution of W3 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 297: CL2 distribution of W3 web corrosion pattern for beams with a diaphragm - 
MassDOT 

 

Figure 298: CL3 distribution of W3 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 299: Ma web thickness loss distribution of W3 web corrosion pattern for beams 
with a diaphragm - MassDOT 

From the CH2 histogram, two main trends are noticed, either a) full height corrosion, or b) 
corrosion up to 50% of H0.  

𝐶𝐶𝐻𝐻2 = 𝐻𝐻0 𝑙𝑙𝑜𝑜  0 < 𝐶𝐶𝐻𝐻2 ≤ 0.5𝐻𝐻0 
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For full height corrosion: 

 

Figure 300: CL1 distribution of W3 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 

 

 

Figure 301: CL2 distribution of W3 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 
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Figure 302: CL3 distribution of W3 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 

 

 

Figure 303: CH1 distribution of W3 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 
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Figure 304: CH3 distribution of W3 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 

 

Figure 305: Max web thickness loss distribution of W3 web corrosion pattern with full 
height corrosion for beams with a diaphragm - MassDOT 

 

From the CL3 histogram, two main trends were noticed: 

0.25𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤ 0.6𝐻𝐻0 𝑎𝑎𝑎𝑎𝑎𝑎 0.6𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤ 2.25𝐻𝐻0 

For full height corrosion and 0.25𝐻𝐻0< CL3 ≤ 0.6𝐻𝐻0 
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Figure 306: CL1 distribution of W3 web corrosion pattern with full height corrosion and 
deteriorated length up to 60% of H0 for beams with a diaphragm - MassDOT 

 

 

Figure 307: CH1 distribution of W3 web corrosion pattern with full height corrosion and 
deteriorated length up to 60% of H0 for beams with a diaphragm - MassDOT 
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Figure 308: CH3 distribution of W3 web corrosion pattern with full height corrosion and 
deteriorated length up to 60% of H0 for beams with diaphragm a - MassDOT 

 

Figure 309: CL2 distribution of W3 web corrosion pattern with full height corrosion and 
deteriorated length up to 60% of H0 for beams with a diaphragm - MassDOT 
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Figure 310: Max web thickness loss distribution, of W3 web corrosion pattern, with full 
height corrosion and deteriorated length up to 60% of H0 for beams with a diaphragm - 

MassDOT 

 

Figure 311: Ratio of flange to web corrosion length distribution, of W3 web corrosion 
pattern, with full height corrosion and deteriorated length up to 60% of H0 for beams with 

a diaphragm - MassDOT 
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Figure 312: Max flange loss thickness distribution, for beams with W3 web corrosion 
pattern, with full height corrosion, deteriorated length up to 60% of H0 and with a 

diaphragm - MassDOT 

0.25𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤  0.6𝐻𝐻0 

0.1𝐻𝐻0 < 𝐶𝐶𝐿𝐿1 ≤ 0.2𝐻𝐻0 

0.06𝐻𝐻0 < 𝐶𝐶𝐻𝐻1 = 𝐶𝐶𝐻𝐻3 ≤ 0.16𝐻𝐻0 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

  𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓  {0.4,0.6} 

𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙

= 1.2 and 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑡𝑡𝑓𝑓𝑓𝑓𝑤𝑤

𝑡𝑡𝑎𝑎𝑡𝑡𝐶𝐶𝐶𝐶 𝑣𝑣𝑎𝑎𝑙𝑙𝑣𝑣𝐶𝐶𝐶𝐶 𝑙𝑙𝑜𝑜{ 0.3,0.6} 

 

Figure 313: First extreme flange and W3 web corrosion scenario for beams with a 
diaphragm. - MassDOT 
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For full height corrosion and CL3<=2.3  

 

Figure 314: CH1 distribution of W3 web corrosion pattern, with full height corrosion and 
deteriorated length up to 230% of H0, for beams with a diaphragm - MassDOT 

 

Figure 315: CH3 distribution of W3 web corrosion pattern, with full height corrosion and 
deteriorated length up to 230% of H0, for beams with a diaphragm - MassDOT 
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Figure 316: CL1 distribution of W3 web corrosion pattern, with full height corrosion and 
deteriorated length up to 230% of H0, for beams with a diaphragm - MassDOT 

 
Figure 317: Max web thickness loss distribution, of W3 web corrosion pattern, with full 

height corrosion and deteriorated length up to 230% of H0, for beams with a diaphragm - 
MassDOT 
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Figure 318: Ratio of flange to web corrosion length distribution, of W3 web corrosion 
pattern, with full height corrosion and deteriorated length up to 230% of H0 for beams 

with a diaphragm - MassDOT 

 

 

Figure 319: Max flange loss thickness distribution, for beams with W3 web corrosion 
pattern, with full height corrosion, deteriorated length up to 230% of H0 and with a 

diaphragm - MassDOT 

0.6𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤ 2.3𝐻𝐻0 
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0.2𝐻𝐻0 < 𝐶𝐶𝐿𝐿1 ≤ 0.6𝐻𝐻0 

0.05𝐻𝐻0 < 𝐶𝐶𝐻𝐻1 = 𝐶𝐶𝐻𝐻3 ≤ 0.30𝐻𝐻0 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑡𝑡ℎ𝑤𝑤 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.4,0.6,0.8} 

𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙

= 1 and 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑡𝑡𝑓𝑓𝑓𝑓𝑤𝑤

𝑡𝑡𝑎𝑎𝑡𝑡𝐶𝐶𝐶𝐶 𝑡𝑡ℎ𝐶𝐶 𝑣𝑣𝑎𝑎𝑙𝑙𝑣𝑣𝐶𝐶 𝑙𝑙𝑜𝑜 { 0.65} 

Below depicts the second extreme corrosion scenario for the flange and W3 corrosion pattern 
combination. 

 

Figure 320: Second extreme flange and W3 web corrosion scenario for beams with a 
diaphragm - MassDOT 

For height <=0.5H0 

 

Figure 321: CL1 distribution of W3 web corrosion pattern, with corrosion height up to 
50% of H0, for beams with a diaphragm - MassDOT 
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Figure 322: CL2 distribution of W3 web corrosion pattern, with corrosion height up to 
50% of H0, for beams with a diaphragm - MassDOT 

 

 

Figure 323: CL3 distribution of W3 web corrosion pattern, with corrosion height up to 
50% of H0, for beams with a diaphragm - MassDOT 
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Figure 324: CH1 distribution of W3 web corrosion pattern, with corrosion height up to 
50% of H0, for beams with a diaphragm - MassDOT 

 

 

Figure 325: CH2 distribution of W3 web corrosion pattern, with corrosion height up to 
50% of H0, for beams with a diaphragm - MassDOT 
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Figure 326: CH3 distribution of W3 web corrosion pattern, with corrosion height up to 
50% of H0, for beams with a diaphragm - MassDOT 

 

 

Figure 327: Max web thickness loss distribution of W3 web corrosion pattern, with 
corrosion height up to 50% of H0, for beams with a diaphragm - MassDOT 
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12.2.4.2. Flange Corrosion 

 

Figure 328: Ratio of flange to web corrosion length distribution, of W3 web corrosion 
pattern, with corrosion height up to 50% of H0, for beams with a diaphragm - MassDOT 

 

 

Figure 329: Max flange loss thickness distribution, for beams with W3 web corrosion 
pattern, with corrosion height up to 50% of H0, for beams with a diaphragm - MassDOT 

 

0.5𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤ 3𝐻𝐻0 
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0.1𝐻𝐻0 < 𝐶𝐶𝐿𝐿1 ≤ 0.75𝐻𝐻0 

0.05𝐻𝐻0 < 𝐶𝐶𝐻𝐻1 ≤ 0.25𝐻𝐻0 

0.05𝐻𝐻0 < 𝐶𝐶𝐻𝐻3 ≤ 0.18𝐻𝐻0 
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑡𝑡ℎ𝑤𝑤 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.4,0.6,0.8} 

𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙

= 1 and 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑡𝑡𝑓𝑓𝑓𝑓𝑤𝑤

𝑡𝑡𝑎𝑎𝑡𝑡𝐶𝐶𝐶𝐶 𝑡𝑡ℎ𝐶𝐶 𝑣𝑣𝑎𝑎𝑙𝑙𝑣𝑣𝐶𝐶𝐶𝐶 𝑙𝑙𝑜𝑜 { 0.3,0.6,0.8} 

Below depicts the third extreme corrosion scenario for the flange and W3 corrosion pattern 
combination. 

 

Figure 330: Third extreme flange and W3 web corrosion scenario for beams with a 
diaphragm - MassDOT 

 

12.2.4.3. Holes 

Below, the histogram describes the distribution of holes dimensions for the M1 hole corrosion 
pattern. 
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Figure 331: M1 web hole’s pattern height distribution of W3 web corrosion pattern for 
beams with a diaphragm - MassDOT 

 

Figure 332: M1 web hole’s pattern length distribution of W3 web corrosion pattern for 
beams with a diaphragm - MassDOT 

 

Figure 333: M1 web hole’s ratio length to height distribution of W3 web corrosion pattern 
for beams with a diaphragm - MassDOT 
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Figure 334: Max corrosion height distribution of W3 pattern with M1 hole, for beams with 
a diaphragm - MassDOT 

From the figure above, it was noticed that holes appear mainly at the full height of the corroded 
web. The holes observed seem to be mainly thin and long across the web. From Figure 333, most 
of the cases have ratio of hole’s length to height up to 6. From Figure 332, the hole length is up 
to 50% of Ho. Thus, for the extreme corrosion hole scenario, the hole’s height is considered as 
0.083. 

 

Figure 335: M1 hole pattern projected on the second extreme W3 web corrosion pattern 
scenario. With black color is illustrated the diaphragm that could be found with these 

patterns - MassDOT 
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12.2.5. Pattern W4 
The parameters for the corrosion patterns can be found with corresponding diagrams in Section 
1.5 Corrosion Patterns of this report. 

 

12.2.5.1. Web Corrosion 

 

Figure 336: CH1 distribution of W4 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 337: CH2 distribution of W4 web corrosion pattern for beams with a diaphragm - 
MassDOT 

 

 

Figure 338: Max web thickness loss distribution of W4 web corrosion pattern for beams 
with a diaphragm - MassDOT 

 

Figure 339: CL1 distribution of W4 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 340: CL2 distribution of W4 web corrosion pattern for beams with a diaphragm - 
MassDOT 

 

Figure 341: CL3 distribution of W4 web corrosion pattern for beams with a diaphragm - 
MassDOT 

Like in W3 patterns there are observed two trends a) full height corrosion and b) up to 40%Ho. 
For full height corrosion: 
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Figure 342: CH1 distribution of W4 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 

 

 

Figure 343: CL1 distribution of W4 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 
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Figure 344: CL2 distribution of W4 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 

 

 

Figure 345: CL3 distribution of W4 web corrosion pattern with full height corrosion for 
beams with a diaphragm - MassDOT 
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Figure 346: Max web thickness loss distribution of W4 web corrosion pattern with full 
height corrosion for beams with a diaphragm - MassDOT 

 

Given that the sample of data is small: 

0.2𝐻𝐻0 < 𝐶𝐶𝐿𝐿1 < 0.8𝐻𝐻0 

1𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿2 ≤ 2.1𝐻𝐻0  

0.2𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 < 0.8𝐻𝐻0 

0.1𝐻𝐻0 < 𝐶𝐶𝐻𝐻1 ≤ 0.3𝐻𝐻0  

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.1,0.2,0.6} 

 the extreme scenario: 

 

Figure 347: First extreme W4 web corrosion scenario for beams with a diaphragm - 
MassDOT 
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Even when considering the small sample, the W4 corrosion pattern with full height corrosion 
seems to follow the corresponding W3 corrosion pattern. 

For Ch2<=0.4H 

 

Figure 348: CH1 distribution of W4 web corrosion pattern, with corrosion height up to 
40% of H0, for beams with a diaphragm - MassDOT 

 

Figure 349: CL1 distribution of W4 web corrosion pattern, with corrosion height up to 
40% of H0, for beams with a diaphragm - MassDOT 
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Figure 350: CL3 distribution of W4 web corrosion pattern, with corrosion height up to 
40% of H0, for beams with a diaphragm - MassDOT 

 

Figure 351: CL2 distribution of W4 web corrosion pattern, with corrosion height up to 
40% of H0, for beams with a diaphragm - MassDOT 



298 
 

 

Figure 352: Max web thickness loss distribution of W4 web corrosion pattern, with 
corrosion height up to 40% of H0, for beams with a diaphragm - MassDOT 

0.1𝐻𝐻0 < 𝐶𝐶𝐿𝐿1 ≤ 0.8𝐻𝐻0 

0.6𝐻𝐻0 < 𝐶𝐶𝐿𝐿2 ≤ 3.1𝐻𝐻0 

0.1𝐻𝐻0 < 𝐶𝐶𝐿𝐿3 ≤  0.8𝐻𝐻0  

0.1𝐻𝐻0 < 𝐶𝐶𝐻𝐻1 ≤ 0.2𝐻𝐻0  

 

Figure 353: Second extreme W4 web corrosion scenario for beams with a diaphragm - 
MassDOT 

  

Upon inspection, the W3 corrosion pattern seems to follow the corresponding W4 corrosion 
pattern. 

12.2.5.2. Holes 

The M1 corrosion hole pattern is found only once, and it presents itself as pit hole 
(0.0044*0.0044). The M2 hole corrosion pattern is combined with the W3 M2 pattern 
combination. 
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Figure 354: M2 web hole’s pattern height distribution of W3 and W4 web corrosion 
pattern for beams with a diaphragm - MassDOT 

 

 

Figure 355: M2 web hole’s pattern length distribution of W3 and W4 web corrosion 
pattern for beams with a diaphragm - MassDOT 

 

The worst-case scenario for the M2 hole corrosion pattern was projected on an extreme W4 
corrosion pattern with the following parameters: a=0.1 b=0.25 
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Figure 356: Extreme M2 hole pattern scenario projected on second extreme W4 web 
corrosion scenario for beams with a diaphragm - MassDOT 

12.2.6. Pattern W5 
The parameters for the corrosion patterns can be found with corresponding diagrams in Section 
1.5 Corrosion Patterns of this report. 

12.2.6.1. Web Corrosion 

 

Figure 357. CH1 distribution of W5 web corrosion pattern for beams with a diaphragm - 
MassDOT 
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Figure 358: CL1 distribution of W4 web corrosion pattern for beams with a diaphragm - 
MassDOT 

 

 

Figure 359: Max web thickness loss distribution of W5 web corrosion pattern for beams 
with a diaphragm - MassDOT 
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Figure 360: Max flange thickness loss of beams with W5 web corrosion pattern for beams 
with a diaphragm - MassDOT 

 

Figure 361: Ratio of flange to web corrosion length distribution, of W5 web corrosion 
pattern for beams with a diaphragm - MassDOT 

0.3𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 0.85𝐻𝐻0 

0.15𝐻𝐻0 < 𝐶𝐶𝐻𝐻1 ≤ 0.30𝐻𝐻0 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑡𝑡ℎ𝑤𝑤 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤 𝑙𝑙𝑓𝑓 {0.35} 

𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑓𝑓𝑙𝑙𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤

 𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤𝑙𝑙 𝑡𝑡ℎ𝑤𝑤 𝑣𝑣𝑡𝑡𝑙𝑙𝑣𝑣𝑤𝑤𝑙𝑙 𝑙𝑙𝑓𝑓 {0.3,0.6,0.8} with 𝐶𝐶𝑓𝑓
𝐶𝐶𝑙𝑙
𝑡𝑡𝑎𝑎𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡 𝑡𝑡ℎ𝐶𝐶 𝑣𝑣𝑎𝑎𝑙𝑙𝑣𝑣𝐶𝐶𝐶𝐶 𝑙𝑙𝑜𝑜 {1,1.6} 
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Figure 362: Extreme W5 web corrosion scenario for beams with a diaphragm - MassDOT 

 

12.3. Rhode Island 

12.3.1.  Introduction 
As discussed in the previous sections, the data was divided into two groups: (i) beams without 
diaphragm and (ii) beams with diaphragm. Additionally, due to significantly differences in the 
amount of data provided by each state, the results are also divided into groupings by state. 
Therefore, in this section only beam ends with diaphragms from Rhode Island are considered. 

Figure 363 depicts the frequency of corrosion patterns for beam ends with a diaphragm system 
from Rhode Island. This also means that the graph denotes the total amount of times each pattern 
appears in the reports. 
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Figure 363: Web corrosion patterns distribution for beams ends with a diaphragm – 
RIDOT 

It is imperative to note that the parameters defined for each corrosion pattern (CH1, CH2, CH3, 
CL1, CL2, CL3) have been normalized by the web height, H0, defined as H0=H-2tf. 

12.3.2. Pattern W1 

12.3.2.1. Web corrosion 

Similar to the beams without a diaphragm system, the study of trends in the data began with the 
analysis for the distribution of the total height of corrosion. The parameters for the corrosion 
patterns can be found with corresponding diagrams in Section 1.5 Corrosion Patterns of this 
report. This resulted in the data presented in Figure 364, which depicts the histogram of CH1 
combined with pattern W1. This was obtained from the bridge inspection reports provided by 
RIDOT. 
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Figure 364: CH1 distribution for beams with diaphragm and W1 corrosion pattern – 
RIDOT 

Figure 364 clearly depicts that 0 < 𝐶𝐶𝐻𝐻1 ≤ 0.2𝐻𝐻0 . With the goal of understanding the relationship 
between the other parameters of corrosion and the corrosion height, our team had to analyze the 
behavior of the other parameters given that CH1<0.2H0. Figure 365 and Figure 366 depict the 
length of corrosion and the web thickness loss for this case. 

 

Figure 365: CL1 distribution for beams with diaphragm and W1 corrosion pattern – 
RIDOT 

Although no clear trend is observed from Figure 365, the graph lead our team to state that the 
length can span 0.25H0 up to 2.5H0. That is, 0.25𝐻𝐻0 ≤ 𝐶𝐶𝐿𝐿1 ≤ 2.5𝐻𝐻0 . 
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Figure 366 depicts the distribution of web thickness loss given that CH1<0.2H0. 

 

Figure 366: Web thickness loss distribution for beams with diaphragm and W1 corrosion 
pattern – RIDOT 

From Figure 366, our team assumed that most of the beams have web thickness loss found in the 
following interval: 

0.1 ≤
𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤

≤  0.3 

Therefore, it is possible to define an extreme case of corrosion for beam ends with a diaphragm 
system, as depicted in Figure 367. 

 

Figure 367: Extreme corrosion case of W1 pattern for beams with a diaphragm – RIDOT 
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Figure 368 describes the comparison between the extreme corrosion case pattern for the W1 
corrosion pattern of beam ends with and without a diaphragm system. 

 

Figure 368: Comparison between extreme corrosion scenarios. Blue represents the 
extreme scenario for beams without diaphragm, whereas the region in red depicts extreme 

corrosion scenario for beams with a diaphragm – RIDOT 

12.3.2.2. Flange corrosion 

Only three cases of flange corrosion were recorded combined with W1 corrosion pattern for beam 
ends with a diaphragm system. As the amount of data was not sufficient for the research team to 
draw conclusions, Figure 369, Figure 370, Figure 371 depict only the statistics the research team 
was able to record from the bridge inspection reports. 

 

Figure 369: Flange corrosion length for beam ends with diaphragm for W1 pattern – 
RIDOT 
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Figure 370: Ratio between flange corrosion length and web corrosion length for W1 
pattern – RIDOT 

 

Figure 371: Flange thickness loss distribution for W1 pattern – RIDOT 

12.3.2.3. Holes 

Table 81 shows the occurrence of corrosion patterns and holes recorded from the bridge 
inspection reports provided by RIDOT.  
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Table 84: Holes and patterns for beams ends with diaphragm from RIDOT 

 Number No 
Hole M1 M2 M3 M4 M1 and 

M2 
M1 and 

M3 
M2 and 

M4 
W1 29 27 2 0 1 0 0 0 0 
W2 0 0 0 0 0 0 0 0 0 
W3 8 7 0 0 0 1 0 0 0 
W4 1 1 0 0 0 0 0 0 0 
W5 0 0 0 0 0 0 0 0 0 
W6 0 0 0 0 0 0 0 0 0 

 

As shown in Table 81, just three holes were recorded combined with the W1 corrosion pattern. 
Due to the small amount of available data, it was not possible to detect any trends. For this 
reason, Figure 372 and Figure 373 depict the dimensions of the M1 corrosion holes. Figure 374 
and Figure 375 depict the dimensions of the M3 corrosion hole. 

 

Figure 372: Height of M1 holes combined with W1 pattern – RIDOT 
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Figure 373: Depth of M1 holes combined with W1 pattern – RIDOT 

 

Figure 374: Height of M3 holes combined with W1 pattern – RIDOT 
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Figure 375: Depth of M3 holes combined with W1 pattern – RIDOT 

12.3.3. Pattern W3 

12.3.3.1. Web corrosion 

Only eight cases of the W3 corrosion pattern were recorded by the research team. The parameters 
for the corrosion patterns can be found with corresponding diagrams in Section 1.5 Corrosion 
Patterns of this report. Similar to the other cases, the study began by analyzing the distribution of 
the total height of corrosion, depicted in Figure 376. 

 

Figure 376: CH2 distribution for W3 pattern – RIDOT 

Although Figure 376 clearly depicts that most of the beam ends have the height fully corroded, 
it was not possible to detect other major trends. The reason for that can be found in Figure 377, 
Figure 378, Figure 379, Figure 380 and Figure 381. These figures depict scatter among the 
histograms of the corrosion shape parameters. This limited our team in being able to detect 
trends in the corrosion data. 
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Figure 377: CH1 distribution for W3 pattern – RIDOT 

 

 

Figure 378: CH3 distribution for W3 pattern – RIDOT 
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Figure 379: CL1 distribution for W3 pattern – RIDOT 

 

 

Figure 380: CL2 distribution for W3 pattern – RIDOT 
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Figure 381: CL3 distribution for W3 pattern – RIDOT 
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Figure 382 depicts the web thickness loss for beams whose CH2=1H0. 

 

Figure 382: Web thickness loss distribution for W3 pattern – RIDOT 

12.3.3.2. Flange corrosion 

The research team was able to record information regarding the combination of flange corrosion 
and the W3 corrosion pattern for two cases. This meant that, due to the small amount of data 
available, the research team was not able to detect any trend in the data. Figure 383, Figure 384 
and Figure 385 depict the statistics the research team was able to obtain from the compiled data. 

 

Figure 383: Flange corrosion length for W3 pattern – RIDOT 



316 
 

 

Figure 384: Ratio between flange corrosion length and web corrosion length for W3 
pattern – RIDOT 

 

Figure 385: Flange thickness loss distribution for W3 pattern – RIDOT 
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12.3.3.3. Holes 

Only a single hole was recorded combined with the W3 corrosion pattern, as shown in Table 56. 
This one hole does not constitute enough data for depicting trends. For this reason, the research 
team was not able to draw any conclusion. Finally, Table 57 shows the dimensions of the M4 
corrosion hole normalized by H0. 

Table 85: Dimensions of M4 hole combined with W3 pattern – RIDOT 

Hole topology Length Deep Distance from the end 
of the beam 

M4 6% 3% 42% 
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