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Introduce myself
I’m going to share with you how CT performs Truss ratings using the capabilities of BrR


Contents

e Emergency Vehicle Rating with
Adjacent Vehicles

e Issues & Limitations
e Workarounds
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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

e Evaluation Method: LRFR
e Check all limit states
e 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

e Primary Rating Tool: BrR

e Cannot be rated in BrR

— Can input be modified to achieve an
accurate rating

— Can results be taken from BrR?
o Strengthening Cover Plates
e Removal of in-span hinges
e Bug Workarounds

o 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

l « Trusses with large
overhangs

e Emergency
vehicles placed
along curb lines

TTHIS SHEET IS

BY BRIDGE SHEE

CROSS SECTION AT SPAN NOS 22 TO 25 8 29 TO 3|

“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 ACI’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

FEA - Analysis is approximately 70.0 percent complete {less than a minute remaining)...
FEA - Analysis is approximately 80.0 percent complete {less than a minute remaining)...
FEA - Analysis is approximately 90.0 percent complete {less than a minute remaining)...
FEA - Analysis is finished. ..
FEA - Total Analysis time = less than a minute
EEL - Succpssfil finite slemeant ana “qiq
Warning - LRFR truss analysis does not support analysis with adjacent vehicle
Warning - Adjacent vehicle will not be included in the analysis!
lofo - Processingushicls HI 93 (11S)
Infa - Processing vehicle LRFD Fatigue Truck (US)...
Warning - LRFR truss analysis does not support analysis with fatigue vehicle
Warning - Vehicle LRFD Fatigue Truck (U5) for fatigue category will not be included in the analysis!
Infa - Processing vehicle SU4.
Infa - Processing vehicle SU5. .
Infa - Processing vehicle SLIG. ..
Infa - Processing vehicle SUT...
Info - Processing vehicle Type 3...
Infa - Processing vehicle Type 3-3...
Info - Processing vehicle Type 352_..

Infa - Processing vehicle CT-H20...

Infr - Procescsinn vehicla CT-HS20
£

Wigww B ating Log

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?

e Model the Superstructure
BrR K Run the LRFR Analysis

e Import the Member
Forces

=).40l=| e« 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

e XML Based Output Reports
e 2 Report Types

1. Panel Point Max Forces
e Member Loads
o Gusset Plate DL Forces

2. Panel Point Concurrent Forces
o Gusset Plate Live Load Forces
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Panel Point Max Forces

Truss Panel Point Maximum Forces

Truss Panel Point Concurrent Forces

Bridge Name: 1
NBI Structure ID: 04621 I
Bridge ID: 04621 Bridge Name: -1

Analyzed By: patriacm NBI Structure ID: 04621

Analyze Date: Tuesday, Tuly 09, 2019 13:40:52 Bridge ID: 04621
Analysis Engine: AASHTO Truss LRFR Engine Version 6.8.3 3001

Report By: patriacm Analyzed By: patriacm
Report Date: Tuesday, July 09, 2019 13:40:57 _
Report Stylesheet: C:\ProgramData\ AASHTOWARE BrDR683 Xs! Files TrussPane[PointMaxForces xslt Analyze Date: Tuesday. July 09. 2019 13:40:52
Analysis Engine: AASHTO Truss LRFR Engine Version 6.8.3.3001
Superstructure Definition Name: Span 01

Truss Name: T
Report By: patriacm

Note: Report Date: Tuesday, July 09, 2019 13:40:57

- Theta is measured from the positive longitudinal axis in counterclockwise direction. i ) . . ) L )

- Impact and distribution factors are included in live load forces. Report Stylesheet: C'\ProgramData\ AASHTOWARE'BrDR683'Xsl Files\TrussPane[PointConcurrentForces xslt
+ Positive member force indicates member in tension. Negative member force indicates member in compression

+ Positive net force indicates force is acting in positive direction. Negative net force indicates force is acting in negative direction.

LL Codes: Superstructure Definition Name: Span 01

+ (T) Truck load controls .

+ (L) Lane load controls Truss Name: B

* (Tn) Tandem load controls

+ (TP) Truck Pair load controls

+ (LgP) Legal pair load controls

* (TnT) Tandem Train foad controls Note:

+ (T-L) Truck + Lane load controls . y - § -

© (Tnel) Tandom » T ane load controls Theta is meas.ured Er_om the positive ].m?gmldma]: axis il counterclockwise direction.

- (TP+L) Truck Pair + Lane load controls + Impact and distribution factors are not included in live load forces.

* (LgP+L) Legal Pair - Lane load controls + Positive member force indicates member in tension. Negative member force indicates member in compression.

+ (TnT-L) Tandem Train + Lane load controls | ! ! .
= Concurrent forces are based on the first truck position that causes the critical force in the primary member.

Live Load: CT-P120(6) (Permit Truck) LL Codes:

As Requested Impact: With Impact * (T) Truck load controls
AsRequestLane:  Multi-Lane + (L) Lane load controls
LLScaleFactor: 100

Panel Point Theta |[DC Force|[DW Force| LL Force (kip)
() i

Member

(Degrees) || (kip) (kip) [ Compression|[ Tension

LOLL ool 3677 033 6427(T) ) ) Critical LL Force Concurrent LL Critical LL Concurrent LL
! 5 ¥ :;:E;I; Corresponding (kip) Force (kip) Force (kip) Force (kip)

Lout 080 -11670) -1002] -13211() (Degrees) Member Compression Compression /

Tensi Compression /
Tension ension Tension

[0.00.0.00] | Net Longitudinal Foree:||  0.00 0.00 0.00 LoL1 PR
[0.00] CT-P120(6) -
Permit Truck|

Lo

[ Net Vertical Force: 101.96 16.61 11542

e Reports the Max and e Reports the concurrent load

Minimum forces for each ¢ Impactand distribution factors are

member not included
Run one vehicle at a time. BrR

o Impact and distribution combines all vehicles used in the

factors are included analysis
Connecticut Department of Transportation




Truss Force XML Out

Import Forces XML into Excel

<?xml version="1.0" encodin ?
<?xml-stylesheet type="text/xsl" href="C:\ProgramData\AASHTOWare\BrDR683\Xsl Files\TrussPanelPointConci
E<ZPanEliFDint7CDncAIIentiFUIcesikepuIt?
J<Report_Header>
<Bridge_Name>-1</Bridge_Names
<NBI_Structure_ID>04621</NBI_Structure_ID>
<Bridge_ID>04621</Bridge_ID>
<hnalyze By>patriacm</Analyze By>
<Analyze_Date>Tuesday, July 9, 2019<2/A.1a1yze_Date:>
<Analysis_Engins>AASHTO Truss LRFR Engine Version T.IJ.O.D<./A_1alysis_Engine:>
<Report_By>patriacm</Report By>
<Report_Date>7/9/2019</Report_Date>
<Report_Stylesheet>C:\ProgramData\AASHTOWare\BrDRE83\Xsl Files\TrussPanelPointConcurrentForces.xsli
<StructDef Name>Span 01</StructDef Name>
<Member Name>T1</Member Name>
</Report_Header>
F<Concurrent_Forces>
% <Concurrent_Forces_Table>
= <Concurrent_Forces_Table Headsr>
<Theta_Unit>Degrees</Theta Unit>
<Force_Unit>kip</Force_Unit>
</Concurrent_Forces_Table Header>
<Panel_ Point>
<Name>
</Name>
<Longitudinal_Coordinate Unit="ft">0.00</Longitudinal_Coordinate>
<Vertical_Coordinate Unit="ft">0.00</Vertical_Coordinate>
<Primary Member>
<Name:>

</Name>
<Theta>0.00</Theta>
<Critical_Compression Live_Load>

<fCritical Compression Live Load>
<Critical Tension Live Load>
</Critical Tension_]
<Member>

<Name>

</Name>
<Compression_LL Force></Compression_LL Force>
<Tension LL_Force>»60.13</Tension_LL_Force>
</Member>
<Member>
<Name>

u

Live Load Case Name

Element

Axial Force (kips)

-

Adjacent Vehicle

(kips)

-

minCT-P120(6) - Permit Truck"T"_MNodel Elemfx2
maxCT-P120(6) - Permit Truck"T"_MNodel_Elemfx2
minCT-P120(6) - Permit Truck"T"_Model Elemfx2
maxCT-P120(6) - Permit Truck"T"_MNodel_Elemfx2
minCT-P120(6) - Permit Truck"T"_Mode2_Elemfx2
maxCT-P120(6) - Permit Truck"T"_MNode2_Elemfx2
minCT-P120(6) - Permit Truck"T"_Mode2_Elemfx2
maxCT-P120(6) - Permit Truck"T"_MNode2_Elemfx2
minCT-P120(6) - Permit Truck"T"_Mode2_Elemfx2
maxCT-P120(6) - Permit Truck"T"_MNode2_Elemfx2
minCT-P120(6) - Permit Truck"T"_Node2 Elemfx3
maxCT-P120(6) - Permit Truck"T"_Node2 Elemfx3
minCT-P120(6) - Permit Truck"T"_MNode2_Elemfx3
maxCT-P120(6) - Permit Truck"T"_Node2_Elemfx3
minCT-P120(6) - Permit Truck"T"_MNode2_Elemfx3
maxCT-P120(6) - Permit Truck"T"_Node2_Elemfx3
minCT-P120(6) - Permit Truck"T"_Mode3_Elemfx6
maxCT-P120(6) - Permit Truck"T"_MNode3_Elemfx6
minCT-P120(6) - Permit Truck"T"_Mode3_Elemfx6
maxCT-P120(6) - Permit Truck"T"_MNode3_Elemfxs
minCT-P120(6) - Permit Truck"T"_Mode3_Elemfx6
maxCT-P120(6) - Permit Truck"T"_MNode3_Elemfx6
minCT-P120(6) - Permit Truck"T"_Mode3_Elemfx6
maxCT-P120(6) - Permit Truck"T"_MNode3_Elemfxe
minCT-P120(6) - Permit Truck"T"_MNode3_Elemfx6
maxCT-P120(6) - Permit Truck"T"_MNode3_Elemfxe
minCT-P120(6) - Permit Truck"T"_MNoded Elemfx3
maxCT-P120(6) - Permit Truck"T"_Noded_Elemfx3
minCT-P120(6) - Permit Truck"T"_MNoded_Elemfx3
maxCT-P120(6) - Permit Truck"T"_Noded_Elemfx3
minCT-P120(6) - Permit Truck"T"_Moded Elemfx3
maxCT-P120(6) - Permit Truck"T"_Noded_Elemfx3
minCT-P120(6) - Permit Truck"T"_Moded Elemfxd

Excel

L R T R E R R R - R R o o R R T e R A N L ALY

BB R R R R R W W W W W W W W W W RRRNRRNRNRRNNRNNRE R

-123.60
0.00
45.21
0.00
-123.60
0.00
-90.42
0.00
92.93
0.00
-120.26
0.00
-92.93
0.00
92.93
0.00
-100.77
8.07
36.86
20.67
110.57
38.39
75.76
42.49
0.00
0.00
-120.26
0.00
-90.42
0.00
0.00
0.00
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-6L.8
0
22.605
0
-61.8
0
-45.21
0
46.465
0
-60.13
0
-46.465
0
46.465
0
-50.385
4.035
18.43
10.335
55.285
19.195
37.88
21.245




Superimposing Loads

Compute EV CURB-TO-CURB TRAVELWAY

EMERGENCY VEHICLE ONLY ON BRIDGE
D.F.

Compute - CURB-TO-CURB TRAVELWAY
Adjace nt La ne LEGAL LEGAL

Legal D.F. M M=

: |

Connecticut Department of Transportation “Zor >
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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

il C — DL — AL
7 LL

Notes:

o Apply distribution factors,
impact when Concurrent Truss
Forces are used

e Similar process for Special
Permits Mixed with Traffic

Connecticut Department of Transportation



Fatigue Ratings
e No Fatigue Analysis in BrR

e Fatigue Vehicle Forces are Extracted
from BrR and rated externally

o Example: Material around rivets & Misc.
welded attachments

Connecticut Department of Transpo
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Block Shear

e BRDRSUP-1866

* No User override for A, A,,, &
A, for other failure paths

e Tension Capacity Override
Required

Connecticut Department of Transportation



Minimum Load Factors

e BrR uses a minimum load factor of
1.0.

e Workarounds:

— Use BrR Forces and Rate via spreadsheets.
— Determine that Stress Reversal is not critical

Owvrride  Ovrride
PhiPn Fhi Pn{kip) ) Capacity HNote
(kip) {Ton)

LegalRoutine




Half Through-Trusses

Top Chord is elastically braced.

MBE C6A.6.9.1 & BDS 6.14.2.9

% o Elastically braced Top Chords
{ are not considered in BrR.

o Capacity Overrides or Rate
externally




Variable Depth Trusses

v

Gusset Plates Cannot be rated in BrR

Connecticut Department of Transportation



Pinh Connhected Members

Pins Connecting One Member:
Use Capacity override

M=l TS
4 2
6.0<M  ( 22V 3_095
‘Pf‘Pcs*Dg *Fy (pv(pcs*Dz *Fy .
PxlL P 3
6.0 Z 2.2 57
+ — 0.95

(Pf‘Pcs*Dg*Fy (Pv(Pcs*Dz*Fy

Solve for P

Connecticut Department of Transportation



Pinh Conhected 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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