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Presentation Topics

 NYSDOT Skewed Steel I-Girder 

Analysis Requirements

 Literature Review

 Modified Line Girder Analysis

 BrDR Enhancement
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 Current NYSDOT policy: line girder analysis 

for skews less than 45 degrees

 Determine if revisions to current analysis and 

detailing policies are needed based on 

literature review

Skewed Steel I-Girder Bridges
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Excerpts from LRFD BDS C6.10.1

 Significant flange lateral bending may be 

caused by wind, by torsion from eccentric 

concrete deck overhang loads acting on 

cantilever forming brackets placed along 

exterior girders, and by the use of 

discontinuous crossframes, i.e., not forming a 

continuous line between multiple girders, in 

conjunction with skews exceeding 20 

degrees.

Literature Review

- 4th Edition, 2007 and possibly earlier editions
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Excerpts from LRFD BDS C6.10.1

 Lateral flange bending in the exterior girders 

is substantially reduced when cross-frames 

or diaphragms are placed in discontinuous 

lines over the entire bridge due to the 

reduced cross-frame or diaphragm forces.

 An examination of cross-frame or diaphragm 

forces is also considered prudent in all 

bridges with skew angles exceeding 20 

degrees.

Literature Review

- 5th Edition, 2010
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 To maximize engineering effectiveness, 

appropriate tools must be matched to the 

task. Straight skewed steel I-girder bridges 

have been designed traditionally using 

simplified 1D line girder analysis (LGA) 

methods. Modern 2D grid and 3D finite 

element analysis (3D FEA) procedures can 

capture the component and system response 

of these types of structures at a -higher 

resolution than the traditional approach.

Literature Review

Straight Steel I-Girder Bridges with Skew 

Index Approaching 0.3 (FDOT Report)
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Straight Steel I-Girder Bridges with Skew 

Index Approaching 0.3 (FDOT Report)

 However, these refined analysis tools require 

more expensive software and greater time to 

execute and interpret the higher resolution 

analysis models. It is broadly recognized that 

LGA is appropriate and sufficient for the 

design of straight non-skewed girder bridges 

Literature Review
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 The objectives of this research were to better 

understand the behavior of straight steel I-

girder bridges with small to moderate skew, 

and to define and potentially extend the limits 

at which LGA provides an effective structural 

engineering solution for these bridge types. 

 Comparative parametric 3D FEA and LGA 

studies were conducted on 26 bridges having 

a skew index up to and slightly larger than 

0.3…

Literature Review

Straight Steel I-Girder Bridges with Skew 

Index Approaching 0.3 (FDOT Report)
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 The results showed that routine LGA models 

using equal distribution of dead loads to the 

girders and established AASHTO live load 

distribution factors provide a fast and 

sufficient solution for straight steel I-girder 

bridges with skew index up to 0.45 and skew 

up to 50 degrees within certain qualifications.

Literature Review

Straight Steel I-Girder Bridges with Skew 

Index Approaching 0.3 (FDOT Report)
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Skew Index - LRFD BDS Eq. 4.6.3.3.2-2

Literature Review
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 Base need for refined analysis on both skew 

and skew index

 Use a modified line girder analysis to capture 

skew effects when appropriate

 If 20° < θ ≤ 45° and Is ≤ 0.3 use modified line 

girder analysis per FDOT Report BE535 for 

girders, diaphragms, and connections

 If θ > 45° or Is > 0.3 use 3D FEA for girders, 

diaphragms, bracing, and connections

Revisions to Analysis Requirements
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Modified Line Girder Analysis

Enhancement



13BrDR Enhancement

18.8 Service Units



14BrDR Enhancement



15BrDR Enhancement
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Table from FDOT Report BE535
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Diaphragm Offsets

 AASHTO recommends minimum offset ≥ 

4x bottom flange width



18BrDR Enhancement
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Framing Plan

Typical Section
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Span 1 – Exterior Girder Unfactored FLB

8 ksi

Span 2 – Exterior Girder Unfactored FLB

2 ksi 2 ksi 2 ksi 2 ksi 2 ksi 4 ksi

8 ksi 2 ksi 2 ksi 2 ksi 2 ksi 2 ksi 4 ksi

Controls 

Rating
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Without Flange Lateral Bending

With Flange Lateral Bending
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