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Project Overview

• 2 Contracts
– Contract 1:  361 ratings/509 bridges.

• 15 month contract
• All NDOT structures
• No culverts
• All LFR



Project Overview

• 2 Contracts
– Contract 2:  1011 ratings/1143 bridges

• 27 month contract
• Mix of NDOT & local structures
• 60% culverts
• Mix of LFR and LRFR



Project Overview

• Structure types rated
– Bread and butter

• Girder, Tee Beam, Box Girder, Slab
– Unique

• Truss, arch, flexible culvert, segmental, spliced 
girder, curved steel, hybrid

• Software used
– BRASS suite, MDX, SAP2000, CANDE



Project Administration

• Scoping the work
– NBI data (structure type, widening) used to 

scope the effort
– “Widget” approach for hour estimates
– Scoping issues

• Variable girder length within span?
• Curved?
• Arch or flexible culvert?
• NBIS mis-coding



Project Administration

• Data management/collection
– Large data volume to be collected/shared

• As-built plans
• Inspection reports & photos
• Field data

– Culvert fill depth
– Overlay thickness
– Structures with incomplete/missing plans
– Deteriorated structures



Project Administration

• Delivering the work
– 12 offices plus subconsultant participating 

in ratings
– Standardized approach required

• Software
• Electronic file format
• Deliverable format

– Tracking tools to monitor progress and 
results



Project Administration











Results Overview

• Bridge rating factors
• Culvert rating factors
• Percent of structures with rating 

factors < 1.0
• Rating factor by consultant



Bridge Inventory Rating Factor



Culvert Inventory Rating Factor



% Structures with RF < 1.0

25% Structures with Inventory RF < 1.0
3% Structures with Operating RF < 1.0



Technical Challenges

• Bridges
– Railroad car bridges

• No as-built plans
• Unknown steel yield (when built?)
• Damage from prior use
• Complicated load path – which member will 

govern?



Technical Challenges – Railroad 
Car Bridges



Technical Challenges

• Bridges
– Segmental

• Construction sequence
• Construction equipment
• Contractor changes



Technical Challenges

• Culverts
– Rigid culverts

• Lateral pressures
• Software limitations

– Variable cover
– Variable haunch configuration
– Variable material properties
– Variable wall/slab thickness



Technical Challenges



Technical Challenges

• Culverts
– Flexible culverts

• Structures that rely on soil-
structure interaction for stability

– Pipe (concrete & steel)
– Arch (concrete & steel)

• Typically detailed with a size 
and a performance specification 
– no knowledge of actual system 
installed



Technical Challenges

• Culverts
– Flexible culverts

• Assumptions required to perform rating
– Geometry
– Soil properties
– Material properties



Technical Challenges

• Culverts
– Flexible culverts

• Software limitations
– Used CANDE (Culvert ANalysis and DEsign)

• “Easy” interface elements
• Versatile

– Not a rating tool.  Requires extra work to develop 
rating factors from results

– Modeling effort significant.  Minor changes to model 
once started very laborious.



Technical Challenges

• Culverts
– Flexible culverts

• Software Limitations
– Limited ability to auto generate the mesh
– Time consuming to debug
– Run times up to 10 minutes
– No live load generator.  Must move live loads 

manually.



Flexible Culvert - Sample 
Vertical Stress Plot



Flexible Culvert – Sample 
Horizontal Stress Plot



Technical Challenges

• General
– Structures without plans

• Field measurements to establish dimensions, 
component sizes

• MBE provisions for “no-plans” rating



Technical Challenges

• General
– Deteriorated structures

• NDOT structures in generally good shape.  
– Bent caps under joints
– Overhangs

• Inspection ratings not always a good indicator 
of structural problems

– Deterioration often isolated
– Deterioration often does not lead to a capacity 

reduction



Technical Challenges

• General
– Deteriorated structures

• Incorporation of deterioration is difficult, 
requires significant judgment



Technical Challenges



Technical Challenges



Technical Challenges

• General
– Low ratings

• Some ratings come in very low on structures 
that show no signs of distress

• Skew is a common source of low ratings
– Provide interior girder result

• Culverts can be extremely sensitive to depth of 
overburden

– Test sensitivity to soil density
– Check only under travelled way



Observations/Recommendations

• The structures generally rated well
• Load raters need to observe 

structural deterioration to 
incorporate it properly

• Load rating software can be a 
blessing and a curse



Observations/Recommendations

• Software
– Load rating software is very efficient for 

specific conditions
– Variations from specific conditions results 

in significant increases in labor and 
complexity of documentation



Observations/Recommendations

• Software
– Software “wish-list”

• BRASS incorporate continuous PT box-girders
• BRASS accommodate variations in culvert 

section
• CANDE perform rating calculations for flexible 

culverts
• CANDE gets increased auto meshing 

functionality
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Why Everyone Should Love 
Load Ratings

• Exposure to wide variety of 
structures and structure types

• Intense exposure to code provisions 
for load distribution and capacity

• Gives engineers great perspective on 
how structures perform

• Debugging low ratings is fun!
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