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Introduce myself
I’m going to share with you how CT performs Truss ratings using the capabilities of BrR
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Some of the items I think are import are performing ratings with adjacent vehicle. 
I will also talk about truss details that cannot be 
Limitations of the truss analysis engine and the workarounds needed to complete an LRFR Rating



CT’s Rating Standards

• Evaluation Method: LRFR
• Check all limit states
• 23 Vehicles

– Design Vehicles
– 7 AASHTO Legal
– 4 State Legal
– 9 Permits
– 2 Emergency
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First, for some context here are some of the rating standards we practice in Connecticut.
We use LRFR for all rating, regardless of the original design methodology. 
We perform ratings for all applicable limit states in the MBE – This includes Service I, Service III and fatigue
We rate for 23 vehicles for each rating.



Rating Software

• Primary Rating Tool: BrR
• Cannot be rated in BrR

– Can input be modified to achieve an 
accurate rating

– Can results be taken from BrR?
• Strengthening Cover Plates
• Removal of in-span hinges
• Bug Workarounds

• Use other general finite 
element software
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BrR is our primary rating tool. A bridge must be proven to not be able to be rated in BrR before using another analysis software
If the bridge cannot be completely rated in BrR, we first look to see if we can tweak some of the inputs or define overrides to achieve an accurate rating.
If those modifications cannot be performed, or if the structure would require enough tweaks such that the accuracy of the rating is lost.
We look to see if we can use BrR to perform some of the analysis, and the remainder of the rating will be performed using results from BrR by hand or spreadsheet
Some situtaions where that occurs is when existing bridges are strengthened using cover plates, change in boundary conditions. This was popular with replacing pin & hangers with bolted filed splices. 
Also, it used to perform workarounds, such as rating for service-I
If BrR cannot be used in any meaningful capacity of the structure, the structure will be modeled in a general finite element program.



Adjacent Vehicles

• Trusses with large 
overhangs

• Emergency 
vehicles placed 
along curb lines

“Multiple presence: If necessary, when combined with other 
unrestricted legal loads for rating purposes, the emergency vehicle 
needs only to be considered in a single lane of one direction of a 
bridge.” 
– FHWA Load Rating For the FAST ACT’s Emergency Vehicles
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One of the challenges we face with rating, is the use of adjacent legal vehicles to reduce force effects in our bridges.
A lot of the software tools available on the market are not equipped to handle adjacent vehicles.
We can take advantage of the fact that Special Permits and emergency vehicles will not be travelling a long side each other. 
This is espically critical for truss bridges, as the majority of truss bridges in Connecticut Bridge inventory was constructed before the 1960s and designed with the H20, and are now carrying modern highway loading.
Legal vehicles produce lower force effects than Permit or Emergency vehicles. Therefore, replacing the Permit or Emergency vehicles in the adjacent lane with a legal vehicle will reduce force effects in the bridge and therefore reduce restrictions to truck traffic.

For example, here is a cross section of a large truss bridge carrying an interstate in Connecticut. 
When considering curb-to-curb lane placement, in lieu of striped lane placement, which is necessary to perform emergency vehicle ratings, a truss line will need to support 2.74 lanes of traffic.
Being able to reduce force effects with taking advantage adjacent vehicles is 



Adjacent Vehicles

BRDSUP-1302: Adding adjacent 
vehicle option for LRFR legal rating
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BrR does support adjacent vehicles, however, adjacent vehicles are not supported for LRFR Truss analyses.
Also, BrR does not support legal ratings with adjacent lanes.
The rating procedure between permits and legal vehicles are different, and therefore the process for tricking may be involved BrR to rate for the EV.
Some areas of concern may be:
Number of adjacent lanes
Multiple presence factors
Service live load factors
Applicable limit states




How Do We Do It?

BrR
• Model the Superstructure
• Run the LRFR Analysis

Excel
• Import the Member 

Forces
• Perform the Rating
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So how do we do it?
First we model the truss Superstructure



Comments for the RADBUG 2019 CT’s Approach to LRFR Truss Analysis presentation 
 
Slide 15: 
BSSD-356 has been resolved for the 6.8.4 release and the upcoming 7.0 release. 
 
Slide 19: 
Enhancement request: Variable depth trusses (BSSD-2370 Define custom shear plane orientation for 
gusset plate analysis). 
 



BrR Force Output Reports

• XML Based Output Reports
• 2 Report Types

1. Panel Point Max Forces
• Member Loads
• Gusset Plate DL Forces

2. Panel Point Concurrent Forces
• Gusset Plate Live Load Forces



Panel Point Max Forces

• Reports the Max and 
Minimum forces for each 
member

• Impact and distribution 
factors are included

• Reports the concurrent load 
• Impact and distribution factors are 

not included
• Run one vehicle at a time. BrR 

combines all vehicles used in the 
analysis



Truss Force XML Output
Import Forces XML into Excel

XML Excel



Superimposing Loads

Compute EV 
D.F.

Compute 
Adjacent Lane 
Legal D.F.
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Distribution of Live Load for trusses are based on the lever rule. This allows the use of superimposing lanes of vehicles.



Carry Out Rating

𝑹𝑹𝑹𝑹 =
𝑪𝑪 − 𝑫𝑫𝑫𝑫 − 𝑨𝑨𝑨𝑨

𝑳𝑳𝑳𝑳

Notes:
• Apply distribution factors, 

impact when Concurrent Truss 
Forces are used

• Similar process for Special 
Permits Mixed with Traffic



Fatigue Ratings
• No Fatigue Analysis in BrR
• Fatigue Vehicle Forces are Extracted 

from BrR and rated externally
• Example: Material around rivets & Misc. 

welded attachments



Block Shear

• BRDRSUP-1866

• No User override for Avn, Avg, & 
Atn for other failure paths

• Tension Capacity Override 
Required



Minimum Load Factors

• BrR uses a minimum load factor of 
1.0.

• Workarounds:
– Use BrR Forces and Rate via spreadsheets.
– Determine that Stress Reversal is not critical



Half Through-Trusses

• Top Chord is elastically braced.
MBE C6A.6.9.1 & BDS 6.14.2.9

• Elastically braced Top Chords 
are not considered in BrR.

• Capacity Overrides or Rate 
externally



Variable Depth Trusses

Gusset Plates Cannot be rated in BrR

x

y



Pin Connected Members

𝑴𝑴 = 𝑷𝑷∗𝑳𝑳
𝟒𝟒

, 𝑽𝑽 = 𝑷𝑷
𝟐𝟐

𝟔𝟔.𝟎𝟎 ∗𝑴𝑴
𝝋𝝋𝒇𝒇𝝋𝝋𝒄𝒄𝒄𝒄 ∗ 𝑫𝑫𝟑𝟑 ∗ 𝑭𝑭𝒚𝒚

+
𝟐𝟐.𝟐𝟐 ∗ 𝑽𝑽

𝝋𝝋𝒗𝒗𝝋𝝋𝒄𝒄𝒄𝒄 ∗ 𝑫𝑫𝟐𝟐 ∗ 𝑭𝑭𝒚𝒚

𝟑𝟑

= 𝟎𝟎.𝟗𝟗𝟗𝟗

𝟔𝟔.𝟎𝟎 ∗ 𝑷𝑷 ∗ 𝑳𝑳𝟒𝟒
𝝋𝝋𝒇𝒇𝝋𝝋𝒄𝒄𝒄𝒄 ∗ 𝑫𝑫𝟑𝟑 ∗ 𝑭𝑭𝒚𝒚

+
𝟐𝟐.𝟐𝟐 ∗ 𝑷𝑷𝟐𝟐

𝝋𝝋𝒗𝒗𝝋𝝋𝒄𝒄𝒄𝒄 ∗ 𝑫𝑫𝟐𝟐 ∗ 𝑭𝑭𝒚𝒚

𝟑𝟑

= 𝟎𝟎.𝟗𝟗𝟗𝟗

Solve for P

Pins Connecting One Member: 
Use Capacity override



Pin Connected Members
Pins Connecting Multiple Members: 

Rate Outside of BrR



Summary

• Adjacent Vehicle Rating
• Fatigue Rating
• Block Shear
• Half-Through Trusses
• Minimum Load Factors
• Variable Depth Trusses
• Pin Connected Members
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So these are some of the challenges we have experienced, and the solutions we came up with to perform LRFR Truss ratings using BrR.
If you have solved this issues before, I would be interested to hear.




Questions

DOT.BridgeRating@ct.gov
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