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MCFT for BrDR Users
A primer for using MCFT in Load Rating



MCFT for BrDR Users
Concrete Shear History: ASD HB-9 1953/1965
• Simple stress based
• Constant concrete shear capacity not coupled with flexure and load-independent
• No direct consideration of shear inducing tension in flexural reinforcement
• Simple, constant shear reinforcement capacity
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• Simple stress based
• Optional minimal coupling of shear capacity with flexure and loading
• No direct consideration of shear adding tension in flexural reinforcement
• Simple, constant shear reinforcement capacity

Concrete Shear History:   LFD HB-12 1977
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Concrete Shear History:   LFD HB-17 2002 (last published edition)

• Chapter 8 Reinforced Concrete • Chapter 9 Prestressed Concrete
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Concrete Shear History:   LRFD 1994 1st Edition - Introduction of MCFT

Same method as LFD Chapter 9 Prestressed Concrete

x

• Unified approach for both nonprestressed & prestressed concrete
• Flexure & shear are coupled complicating load rating -- optional iterative process
• Concrete & shear reinforcement capacities variable based on loading & diagonal cracking angle
• New design consideration that shear adds tension in flexural reinforcement
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Simplified Formulas --
essentially  same simplified 
equations as LFD Chapter 9 
Prestressed Concrete but 
re-written for f’c in ksi units.

Concrete Shear History:   LRFD 2007 4th Edition – Simplified Formulas



MCFT for BrDR Users
Concrete Shear History:   LRFD 2008 4th Edition Interim Revisions

Equations provided to directly compute  &  from 
longitudinal strain, s, at level of flexural reinforcement.

Simplified formulas 
removed in 8th edition
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• Analytical model for predicting load-deformation relationship in concrete in 
shear

• Fundamental publication: 
• Vecchio, Frank J., and Michael P. Collins. “The Modified Compression-Field Theory for 

Reinforced Concrete Elements Subjected to Shear.” ACI Journal 83-22, March-April 1986: 
219-231

• Accessible online from the VecTor Analysis Group
• https://www.vectoranalysisgroup.com/journal_publications/jp2.pdf

MCFT Methodology Background



MCFT for BrDR Users

• Key assumptions
• Membrane stress (In-Plane Shear and Axial Stress)
• Uncracked concrete is capable of carrying tension; Cracked concrete is not

MCFT Methodology Background
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• Stress and strain in cracked, reinforced panels 

MCFT Methodology Background
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• Conclusions of the paper are summarized graphically

MCFT Methodology Background
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• Design Equations for Shear
• Fundamental publication: 

• Collins et al., A General Shear Design Method, ACI Structural Journal 93-S5, 
January-February 1996

• Very similar to Appendix B5 in the current spec

MCFT Methodology Background
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MCFT Methodology Background
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Strain at flexural tension steel level, 
not mid-height as in Appendix B5

MCFT Methodology Background
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MCFT Methodology Background

•  and  combinations ensure:
• Stirrups are near yield ( > 0.002)
• Principal stresses in concrete do not exceed 

crushing strength
• The following relationship between average 

principal tensile strain in concrete and strain in 
steel reinforcement:
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MCFT Methodology Background
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MCFT Methodology Background

• Assumed value of 26.6o for  is reflected in current specification:
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MCFT Methodology Background

• REFERENCES:

• Vecchio, Frank J. and Michael P. Collins. “The Modified Compression-
Field Theory for Reinforced Concrete Elements Subjected to Shear”.  
ACI Journal 83-22, March-April 1986: 219-231.

• Collins, Michael P., Denis Mitchell, Perry Adebar, and Frank J. Vecchio. 
“A General Shear Design Method”, ACI Structural Journal 93-S5, 
January-February 1996:  36-45.



MCFT Issues in BrDR 

• BSSD-3560 Longitudinal reinforcement check  Apsfps< Asfy

• BSSD-4053 Low shear capacity when Aps not on flexural tension 
side of beam cross-section

• BSSD-4782 Applicability of Minimum Mu limit for load ratings
• BSSD-5167 Non-convergence of iterative shear capacity when MU 

changes sign
• BSSD-5725 Effect of strand development on Aps when computing 

longitudinal strain, S

• BSSD-5758 Assuming longitudinal strain = 0 when Mu < Mcr  --  
differences between Art. 5.7.3.4.2 & Appendix B5.2

AASHTOWare Bridge Analysis TAG MCFT-related Issues
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• AASHTOWare Bridge Task Force Chair, Jen Hart, along with Analysis 
TAG co-chairs, Yihong Gao & Robby Tennant, have reached out to 
AASHTO Safety & Evaluation and Concrete Technical Subcommittees 
seeking clarification of LRFD design specification and MBE provisions

• AASHTO technical committee chairs have facilitated TEAMS meetings 
with Concrete Subject Matter Experts

• Two meetings held this year with two additional meetings planned

• Goal is possible preparation of AASHTO ballot items for next year

AASHTOWare Bridge Analysis TAG MCFT-related Issues
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• BSSD-3560 Longitudinal reinforcement check  Apsfps< Asfy



MCFT Issues in BrDR 
• BSSD-3560 (continued)
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• BSSD-4053 Low shear capacity when Aps not on flexural tension 

side of beam cross-section

• Specification stipulates reinforcement 
being located on ‘flexural tension side’

• For post-tensioned members, Aps is 
typically defined as a total force located 
at along a c.g. profile

• Implementation becomes problematic in 
moment reversal zones

• Significant shear capacity reduction when 
Aps = 0 (essentially RC member)
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• BSSD-4053 (continued)

Relatively flat P/T tendon profile 
near girder section mid-depth
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• BSSD-4053 (continued)

• Prestress force is known to be vertically distributed 
and not  applied at a single height location, but exact 
location of individual tendon paths may not be known

6 ½” Separation Between Tendon Ducts
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• BSSD-4053 (continued)

• Excerpt from FHWA Pub FHWA-HIF-22-
025 Concrete Bridge Shear Load Rating 
Guide & Examples: Using Modified 
Compression Field Theory

• 10” vertical height distribution depth 
assumed for Aps

• Spec guidance for distribution height of 
Aps would be beneficial

Assumed 
depth 
distribution
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• BSSD-4053 (continued)

• AASHTO LRFD specs recognizes issue

• Verbiage included in Article CB5.2:

• Consideration being given to add ‘Moment 
Curvature’ (moment-shear strength 
interaction) in BrDR based on explicitly 
computed mid-depth strain, x

“In some situations, it will be more 
appropriate to determine x using the more 
accurate procedure of Eq. CB5.2-1 rather 
than the simpler Eqs. B5.2-3 through B5.2-5”

ALTERNATIVE SOLUTION
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• BSSD-4782 Applicability of Minimum Mu limit for load ratings
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• BSSD-4782 (continued)
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• BSSD-4782 (continued)
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• BSSD-5167 Non-convergence of iterative shear capacity when MU 

changes sign
• Contraflexure region
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• BSSD-5167 (continued)
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• BSSD-5167  (continued)

• Very different load 
ratings for essentially 
the same live load
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• BSSD-5167 (continued)
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• BSSD-5725 Effect of strand development on 

Aps when computing longitudinal 
strain, S

• Article 5.7.3.4.2 states in calculating Aps,the area of 
tendons terminated less than their development length 
from the section under consideration should be reduced 
in proportion to lack of full development.  

• Various reference publications take different 
approaches – full strand development length vs transfer 
length (PCI Bridge Design Manual; MnDOT & IDOT Design 
Manuals; FHWA Concrete Bridge Shear Load Rating Guide & 
Examples)
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• BSSD-5725 (continued)

• Bridge submitted by Indiana DOT  --  Single-span (35’-3”) P/S spread box beams debonded strands

• Significant reduction in shear-controlled load ratings between BrR v7.2 & v7.7
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• BSSD-5725 (continued)
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• BSSD-5725 (continued)
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• BSSD-5725 (continued)

EV3 vehicle
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• BSSD-5725 (continued)

EV3 vehicle
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• BSSD-5758 Assuming longitudinal strain = 0 when Mu < Mcr  --  

differences between Art. 5.7.3.4.2 & Appendix B5.2
• 2022 AASHTO Agenda Item 50 Sub-item #2

• Allows LRFD Article 5.7.3.4.2 to be 
modified for the purpose of load rating

• If section remains uncracked at strength 
limit state (Mu < Mcr), the longitudinal 
strain, s, can be assumed to be zero.

• Passed agenda item did not reference 
Appendix B5.2, therefore not implemented 
in BrDR for that shear method option

• Not applying same provision when 
Appendix B5.2 shear method can result in 
significant shear load rating discrepancies.



MCFT Issues in BrDR 
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THANK YOU!

QUESTIONS?
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   ∑  M c = 0 = M u + N u   d v 2 +  ( V u − V p )   cot ⁡ ( 𝜃 )    d v 2 − T    d v

