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Purpose of The Presentation

Wishlist: 
▪ Substructure analysis guidance in MBE

▪ Implementation in BrR



Criteria For Substructure Rating 

Deterioration: 
▪ Reduction of capacity

▪ Increase in the span length of pier cap due to loss of support



Criteria for Substructure Rating 

Erosion and Undermining: 
▪ Increase in the buckling length and danger of overturning in Abutments



Criteria for Substructure Rating 

Unusual Geometry and Configuration: 
▪ Straddle bents

▪ Steel Integral pier cap (Fracture critical)



Method of Substructure Analysis

▪ Masonry and Timber -ASD method 

 

ASD

▪ RC and Steel Structure - LFR and LRFR

 

LFR & LRFR



Force Effects

▪ Concrete pier cap with steel and timber columns: BrR: 

▪ Concrete pier cap with concrete columns. BrD or Combination of BrR and other independent 
programs: 

 

Steel and Concrete Substructures



Force Effects

▪ Two simple spans: Concrete pier caps and timber columns 

Sample Bridge



Force Effects 

▪ Two BrR models were created: Floorline (Force effect) and Girder line (capacity).

▪ Pier cap was modeled as Floorline using Rolled beam properties.

▪ DL from superstructure was input in to the Floorline model

▪ Rating analysis was performed 

▪ Moment, shear  and reaction were obtained from BrR output

 

Reinforced Concrete Pier Caps 



Force Effects

Moment and Shear Diagram Floorline: BrR output 



Capacity and Load Rating 

Reinforced Concrete Pier Caps 

▪ The pier cap was modeled in BrR as girder line 
for capacity calculation.

 

▪ RF=(ϕMn - MDL*γDL) / γLL*VLL+I 



Force Effects

▪ Where “S” centerline of the beams and “P” centerline of the piles.

▪ Live load distribution on columns, “LLDF” using lever rules.

▪ LLDF=(D3/Sp2+D6/Sp3)

▪ Example LL on pile “P3”

FBD

Steel and Timber Columns



Force Effect

▪ DL reaction from the Floorline model.

▪ LL reaction=LLDF*R2

▪ LL Reaction from the superstructure model with 
eccentricity (Combined Axial and bending)

▪ LL Reaction from continuous model maximum 
reaction (Axial only)

Steel and Timber Columns

Superstructure (simple span) model 

Continuous span model



Capacity and Load Rating

▪ Capacity based on NDS Supplemental Table 6A (see panel discussion for detail)

▪ Iterate by changing fcLL until the sum of the 1st and 2nd formula becomes “1”

Timber Columns: Combined Axial and Bending

▪ Rating based on research report FHWA-ICT-12-014

▪ Perform rating using the ‘Proposed Modification’

▪ The controlling rating will be the minimum between Axial and combined Axial 
and Bending rating.



Capacity and Load Rating

Steel Columns

▪ Capacity based on AASHTO LRFD 6.9 

▪ Load rating based on MBE H6A 

▪ Change the value of “RF” until  the criteria are satisfied 



Force Effect

Concrete Pier caps with Concrete Columns



Force Effect

▪ DL and LL reaction from BrR

Concrete Pier caps with Concrete Columns

▪ Use any independent programs (STAAD Pro, RC-Pier…) and 
input the reactions at the stringer locations.

▪ Perform analysis

 

▪ Moment and shear from result output

▪ Use BrD if available 

Alternatively: 

Model 



Force Effect

▪ BrR reactions:                                                                                         

Concrete Pier caps with Concrete Columns: 



Force Effect

▪ Sample Result Output

Concrete Pier caps with Concrete Columns



Capacity and Load Rating

Capacity and Flexural Rating

▪ Capacity based on Axial-Bending Interaction 

▪ RF=(ϕMn - MDL*γDL) / γLL*VLL+I 



Points for Panel Discussion

Parameters require Engineering judgment:

▪ Embedment length of columns

▪ Timber species and capacity  adjustment factors

▪ Timber inventory capacity MBE 6B.5.2.7 

▪ Wind load



Panel Discussion

Embedment Length

▪ Design plans not available 

▪ Foundation information not available

▪ Available: Stream profile

▪ Is it good enough to assume the unsupported length 
to be above the scour mudline with some factor of 
safety?



Panel Discussion

Timber 

▪ Species (Southern pine, Red pine…) 

▪ Condition treatment factor (0.74 to 1.0) 

▪ Load sharing factor (load path) 



Panel Discussion

Timber Capacity

▪ Capacity based on NDS Supplemental  Table 6A 



Panel Discussion

Timber Operating Capacity

▪ MBE 6B.5.2.7 only limits the operating capacity 
▪ Limit to inventory capacity should also be included

Operating:

P/A=(4.8E)/(l/r)2  

Inventory: Operating/1.33

P/A=(3.6E)/(l/r)2 



Panel Discussion

Wind Load

▪ Superstructure: No wind load

▪ Substructure should we consider wind load if so, 
why?



QUESTIONS?
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