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NCHRP Problem Statement
I.
PROBLEM NUMBER

To be assigned by NCHRP staff.

II.
PROBLEM TITLE

Torsion in Concrete Bridges

III.
RESEARCH PROBLEM STATEMENT

As more and more concrete bridges are located on curved alignments, supported on skewed abutments, or made to carry severely imbalanced loads, torsion is becoming a more urgent concern. The AASHTO LRFD Bridge Design Specifications call for the effects due torsion to be investigated when Tu > 0.25 Tcr  when using the ‘’ method of shear analysis and design.  The 2005 Interims to the AASHTO LRFD 3rd Ed. added methodology from the AASHTO Segmental Guide Specifications permitting the cutoff to be Tu > 0.33 Tcr if shear resistance is based on shear cracking and a slightly different definition of Tcr is used.

Prior to 2005, the AASHTO LRFD Specs called for both shear stress and strain to be modified for torsional effects.  The Specs gave a modification for Vu to be used in calculating this stress and strain.  This led to larger values for the crack angle , lower values for the coefficient , and more required shear reinforcement Vs.   The requirement for Vs became even more severe if the modified Vu was used on the loads’ side of the equation Vu < Vn.  The Specs were silent on this, but conscientious engineers wanted to use a value for Vu that had been modified for torsion when comparing to resistance.    Result: excessive shear steel requirements.

The 2005 Interims to the AASHTO LRFD 3rd Ed. clarified these provisions by providing an expression to modify Vu for torsion, and remaining silent on modifying the values to be used in evaluating stress and strain for resistance.  For cellular structures, the complex formula to check longitudinal steel for shear-moment interaction was replaced with that from the AASHTO Segmental Guide Specs, 2nd Ed..  Opinion seems to differ on whether these changes were appropriate. An example of torsion calculations was not included in the FHWA examples and is not known to be available elsewhere--before or after the ’05 changes to the Specifications to demonstrate the efficacy of either approach.

For torsional effects due to asymmetry of the cross-section or curvature in the alignment, expert guidance is needed on whether or not modify both load and resistance for torsion, and whether or not it is justified to have a higher limit on torsion when the older shear methodology is used.

Additional issues arise when torsional effects are due to an excessive skew, also warranting expert guidance: 1. Can intermediate diaphragms provide enough torsional rigidity to negate the need for additional torsion reinforcement?  2. Can the skew adjustment factors in Section 4 of the LRFD Specs be used in lieu of the torsional considerations in Section 5?  [It would seem so knowing that skew adjustment factors were developed for application to non-skewed results from single girder-line analysis.]  3. In the case of a cellular structure modeled as a whole-width unit with skewed supports, can relief in force effects from the skewed boundary conditions be relied upon?

IV.
LITERATURE SEARCH SUMMARY
Collins, Micheal P. and Mitchell, Denis.  Prestressed Concrete Structures, Chapter 8 “Design for Torsion”; Response Publications, Canada, 1997.

Wallace, Mark R.  “Skew Parameter Studies – An Implementation of the Finite Element Program, CELL”, Caltrans Research Report CA-DOT-DS-1129-1-76-3, June 1975

Zokaie, T., Osterkamp, T., and Imbsen, R.  “Distribution of Wheel Loads on Highway Bridges”, Final Report (Volumes I and II) for NCHRP 12-26, March 1991

V.
POTENTIAL RESEARCH OBJECTIVE
Answer the following questions and provide rationale:

1. When using a shear methodology based on modified compression field theory and adjusting the resistance to account for torsional effects, should the shear also be adjusted? To be demonstrated (including longitudinal steel check) with two examples: a cellular structure on a heavy skew, and an open structure on a curved alignment.

2. Can the limit for NOT considering torsion be Tu > 0.33 Tcr  for segmental structures, cast-in-place cellular structures AND beam-slab bridges, regardless of shear methodology used?  If not, what is the appropriate limit for each?

3. Is it redundant to both analyze/design for torsion due to skew and apply skew adjustment factors, especially in the case of cellular structures when support conditions are skewed? 

4. For cellular cross-sections with skewed supports, can torsion either be reduced or ignored if intermediate diaphragms are provided? 

VI.
ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD

Recommended Funding:  $70,000
Research Period: 12 months
VII.
URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION
Implementation to be carried out by the AASHTO SCOBS Technical Committee for Loads and Load Combinations (T-10) in the form of revisions to the AASHTO LRFD Bridge Design Specifications
SCOBS Grand Challenge addressed by this research:  Advancing the AASHTO Specifications

VIII.
PERSON(S) DEVELOPING THE PROBLEM

Susan E. Hida, CA-AASHTO HSCOBS Member’s Rep

Senior Bridge Engineer, Office of Structures Design

CA Department of Transportation

1801 30th St., MS 9-3/3g

Sacramento, CA  95818

IX.
AASHTO MONITOR

To be determined

X.
DATE AND SUBMITTED BY

Kevin Thompson, State Bridge Engineer

Deputy Division Chief, Office of Structures Design

CA Department of Transportation

1801 30th St., MS 9-4/

Sacramento, CA  95818
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