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Presentation Notes
Hello everyone, thank you so much for coming and attending our webinar on Improved Load Rating Procedures for Deteriorated Unstiffened Steel Beam Ends. We could not have done this research without the generous efforts, time, and funding of the New England Transportation Consortium, the US Department of Transportation Federal Highway Administration and MassDOT.
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Presentation Notes
To begin I'm going to outline what we're going to see throughout this webinar and this is a culmination of several years of work. I'm going to first dive into the current state of inspection across the new england states and our analysis of inspection reports to determine common corrosion shapes.�Next, I will discuss our work which includes ongoing research  for which our team does corrosion mapping and deterioration documentation via three-dimensional scanning.� finally, I will walk through our  laboratory experiments where we test real corroded girders from new england bridges and our evaluation of the current state of practice with capacity estimation throughout the New England states.�
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3D Scanning for Bridge Inspection – Current State-of-Practice
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 Currently Bridge inspectors utilize a lot of hand tools which include hand calipers, straight edges, and the ultrasonic thickness gauges such as the one depicted here to evaluate section loss in a  corroded beam end. Measurement tools such as these can provide thickness measurements but are only done so through a singular point.  additionally, it can be very tedious and challenging to reach the beam end, to clean it thoroughly, and choose a singular or a handful of points to evaluate the state of the entire end.  it is common to see evaluations of an entire end that are summarized like the descriptions and drawings to the right where maybe one or a few points are taken or visual inspection is heavily relied upon.



Bridge Inspection – Compiled Inspection Reports
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Our team cared about these evaluations very deeply as they would serve as data for classifying the most common corrosion topologies across the new england states.  to the left are inspection reports that we would receive from across the New England states. some having great detail and including drawings or photographs and some only including visual inspection information. the pie chart to the right describes the amount of reports we received by state. we received a total of 553 reports which resulted in 225 reports being utilized for this corrosion pattern database. These 225 reports allowed the team to obtain information about 1,723  beam ends. �



Bridge Inspection – Corrosion Topologies
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6 corrosion shapes were used to sort this data and are depicted here, these were initially used and built upon a previous investigation of corroded ends in Massachusetts performed by Dr. Tzortzinis and the Gerasimidis lab group. Sorting the data in  this way allowed the team to find patterns, and very importantly the most common corrosion shapes exhibited across New England. 



Bridge Inspection – Corrosion Topologies
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These most common shapes can be observed here and you can see the breakdown to the right of the shapes observed most commonly. you will notice that the W1 and W2 corrosion shape are very similar as well as the W3 and W-4 corrosion shapes and were grouped together due to their similarities and to easily show the most commonly observed patterns. More detailed metrics on this include a full breakdown of the number of ends analyzed by state and individual shapes which can be found in the report.



Bridge Inspection – Corrosion Hole Patterns
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 while this data was compiled from inspection reports and measurements were taken using the current tools such as visual inspection, ultrasonic Fitness gauges, or hand calipers. a major part of this work was understanding current state of practice for inspection, utilizing that in the lab, but also finding ways to improve our visualization and documentation of corrosion. For that, we turned to 3D scanning.



Corrosion Mapping 
via 3D Scanning



3D Scanning for Bridge Inspection
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Add two lines, reduce textRemarks:In house LiDAR and 3D scanners to map our real corroded specimensFind the thickness of the deteriorated endMATLAB allows us to create contours with this thickness data to be used in Abaqus and capacity estimation equations



4. Post-Processing 5. Output map generation

3. Model Processing2. Scanning1. Component Identification

3D Scanning for Bridge Inspection - Process
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-Remove Text but keep photos -Experimental Testing, Corrosion mapping from reports, scanning (riegl or leo), modelling, predictions JUST a photo with one word caption-Remove text at the bottomUsing LiDAR and other 3D Scanners, reflectors, and a new algorithm, we can estimate the thickness of a steel plate and in this case, a corroded webWe are continuing to digitalize the laser scanning process with our LiDAR Machines on site and we are using point clouds and resulting contours to represent corroded surfaces of beam endsScanning can be performed in lab and can be performed on site to estimate remaining capacity for corroded steel girdersCreating Heat maps for corroded ends can show pitting and other areas of major section loss that would be of interest in lab and in situ specimensWe have seen instabilities in the lab with capacity and failure mode governed by maximum section lossWe have seen in many cases, and specifically in the last 3 experiments that the minimum area of corrosion governs the buckling mode of the beam end



Terrestrial

Structural Members

3D Scanning

UNIVERSITY OF MASSACHUSETTS AMHERST  



Localized Inspection

Individual
Components

Critical Measurements

3D Scanning

UNIVERSITY OF MASSACHUSETTS AMHERST  



Case Study: Corroded End
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Higher Cloud Density, 
detail, and accuracy:

• Around 400,000 points in the 
selected area to the right and 
millions of points in the full web 
height area

• Captures difficult to measure 
components like pitting and 
section loss at the edge of the web

Portability and 
maneuverability:

• Roughly 5 minutes per scan
• Easy to train and learn the 

scanning process
• Handheld and relatively 

lightweight machinery allows for 
easy on-site scanning

Case Study: Corroded End
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Presentation Notes
-Remove Text but keep photos -Experimental Testing, Corrosion mapping from reports, scanning (riegl or leo), modelling, predictions JUST a photo with one word caption-Remove text at the bottomUsing LiDAR and other 3D Scanners, reflectors, and a new algorithm, we can estimate the thickness of a steel plate and in this case, a corroded webWe are continuing to digitalize the laser scanning process with our LiDAR Machines on site and we are using point clouds and resulting contours to represent corroded surfaces of beam endsScanning can be performed in lab and can be performed on site to estimate remaining capacity for corroded steel girdersCreating Heat maps for corroded ends can show pitting and other areas of major section loss that would be of interest in lab and in situ specimensWe have seen instabilities in the lab with capacity and failure mode governed by maximum section lossWe have seen in many cases, and specifically in the last 3 experiments that the minimum area of corrosion governs the buckling mode of the beam end



Laboratory 
Experiments and 
Capacity Evaluation of 
Rolled Girders with 
Corroded Ends



Connecticut 1

Beam Type: AS 24x65.4 (best match)
Intact Thickness: 0.51 inches
Height: 20 inches

Peak Load:
129.76 kips
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Presentation Notes
Specimen 1 was measured and determined to be best identified as a 20” deep American Standard beam type from the bridge structure 02929 on Route 80 in Deep River, Connecticut. The beam end was scanned using the Reigl VZ-2000 scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 1 exhibited a corrosion shape with major section loss present in this specimen was full height at the end of the beam in a semi-circular/curved shape, with the most critical area of section loss at the mid-height of the beam. The current corrosion shape classifications do not cover a semi-circular shape, so the best classification would be a W1 corrosion profile with full corrosion height and a corrosion length of 3.5 inches.�



Connecticut 2

Beam Type: CB 24x8.5 (Best match)
Intact Thickness: 0.42 inches
Height: 24 inches

Peak Load:
113.27 kips
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Presenter Notes
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Specimen 2 was measured and determined to be best identified as a CB 241-19 beam type from the bridge structure 02929 on Route 80 in Deep River, Connecticut. The beam end was scanned using the Reigl VZ-2000 scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 2 exhibited a W5 corrosion shape.



Maine 3

Beam Type: B33x132 Assumed
Intact Thickness: 0.58 inches
Height: 33.150 inches

Peak Load:
224.14 kips
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Specimen 5 was measured and determined to be best identified as a B33x132 beam type from the bridge structure in Jay, Maine. The beam end was scanned using the Reigl VZ-2000 scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 5 exhibited a W3 corrosion shape. 



Maine 4

Beam Type: B33x132 Assumed
Intact Thickness: 0.58 inches
Height: 33.150 inches

Peak Load:
211.06 kips
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Presenter Notes
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Specimen 6 was measured and determined to be best identified as a B33x132 beam type from the bridge structure in Jay, Maine. The beam end was scanned using the Reigl VZ-2000 scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 6 exhibited a W5 corrosion shape. 



Maine 6

Beam Type: B33x132 Assumed
Intact Thickness: 0.58 inches
Height: 33.150 inches

Peak Load:
247.36 kips
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Presenter Notes
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Specimen 8 was measured and determined to be best identified as a B33x132 beam type from the bridge structure in Jay, Maine. The beam end was scanned using the Artec LEO scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 8 was best described by a W2 corrosion shape. 



Maine 7

Beam Type: B33x132 Assumed
Intact Thickness: 0.58 inches
Height: 33.150 inches

Peak Load:
257.31 kips
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Presenter Notes
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Specimen 9 was measured and determined to be best identified as a B33x132 beam type from the bridge structure in Jay, Maine. The beam end was scanned using the Artec LEO scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 9 was best described by a W1 corrosion shape.



Maine 9

Beam Type: B33x132 Assumed
Intact Thickness: 0.58 inches
Height: 33.150 inches

Peak Load:
267.14 kips
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Specimen 11 was measured and determined to be best identified as a B33x132 beam type from the bridge structure in Jay, Maine. The beam end was scanned using the Artec LEO scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 11  was best described by a W3 corrosion shape.



Maine 10

Beam Type: B33x132 Assumed
Intact Thickness: 0.58 inches
Height: 33.150 inches

Peak Load:
232.32 kips
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Specimen 12 was measured and determined to be best identified as a B33x132 beam type from the bridge structure in Jay, Maine. The beam end was scanned using the Artec LEO scanner with a resulting corrosion profile shown in Figure. With a combination of visual inspection and the resulting corrosion profile, it was determined that Specimen 12 was best described by a W4 corrosion shape. 



Current Provisions For Capacity Evaluation of Corroded Ends

MassDOT
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-Remove Text but keep photos -Experimental Testing, Corrosion mapping from reports, scanning (riegl or leo), modelling, predictions JUST a photo with one word caption-Remove text at the bottomUsing LiDAR and other 3D Scanners, reflectors, and a new algorithm, we can estimate the thickness of a steel plate and in this case, a corroded webWe are continuing to digitalize the laser scanning process with our LiDAR Machines on site and we are using point clouds and resulting contours to represent corroded surfaces of beam endsScanning can be performed in lab and can be performed on site to estimate remaining capacity for corroded steel girdersCreating Heat maps for corroded ends can show pitting and other areas of major section loss that would be of interest in lab and in situ specimensWe have seen instabilities in the lab with capacity and failure mode governed by maximum section lossWe have seen in many cases, and specifically in the last 3 experiments that the minimum area of corrosion governs the buckling mode of the beam end
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Comparison of Capacity Estimation



Conclusions

Corrosion Profiles:

- The groupings of W1/W2 and W3/W4 corrosion profiles were the most prevalent 
observed throughout the data of bridge inspections provided by the states of New 
England- Beams from the same bridge exhibit similar corrosion shapes 

Scanning:

- Scanning provides the inspector/user with a comprehensive profile for a corroded end as 
opposed to just using visual and point measurements- Enhanced Inspection: Easy to use even with limited access- High fidelity modelling and measurement reliability: More data, higher accuracy, 
higher precision

Experiments and Ratings :

- Each experiment was successful in capturing capacity of the corroded end; failure in the 
form of web buckling was achieved in each experiment- Overall, MassDOT’s capacity predictions for corroded beam ends performed with higher 
accuracy and consistency across all twelve experiments
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More detailed information can be found:

1. Tzortzinis, G., Knickle, B., Bardow, A., Breña, S., Gerasimidis S. “Strength 
evaluation of deteriorated girder ends. I: Experimental study on naturally                    
corroded I-beams.” Thin-Walled Structures, 2021. 

2. Tzortzinis, G., Knickle, B., Bardow, A., Breña, S., Gerasimidis, S.  “Strength 
evaluation of deteriorated girder ends. II: Numerical study on corroded I-beams.”
Thin-Walled Structures, 2021.

3. Tzortzinis, G., Breña, S., Gerasimidis, S.  “Experimental, computational and 
analytical evaluation of plate girders with corroded ends.”  (In Press)

4. Tzortzinis, G., Ai, C., Breña, S., Gerasimidis, S. “Using 3D laser scanning for
estimating the capacity of corroded steel girders: Experiments, computations and
analytical solutions.” (Under Review)

5. Tzortzinis, G., Gerasimidis, S., and S. Breña. 2021 “Improved load rating
procedures for deteriorated steel beam ends with deteriorated stiffeners. Final
Report”. MassDOT Research Rep. 21-024, Massachusetts Department of
Transportation, Office of Transportation Planning, Boston, MA

6. Tzortzinis, G., Gerasimidis, S., Breña, S., and B. Knickle. 2019. “Development of
load rating procedures for deteriorated steel beam ends: deliverable 4.” MassDOT
Research Rep. 19-008, Massachusetts Department of Transportation, Office of
Transportation Planning, Boston, MA
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