
AASHTO LRFD Shear: 
A Plethora of Choices

Susan E. Hida, P.E. - Caltrans
Western Bridge Engineer’s Seminar

9/24/07



Outline

Timeline of changes by AASHTO 
SCOBS T10 Tech. Comm.-Concrete 
Describe each method; give pros, cons
(will skip shear friction §5.8.4)
Longitudinal steel (sectional methods)
Torsion
Recommendations w/disclaimer



Timeline
‘9X “Summit Meeting of Shear Experts”
’94 1st Ed.—Strut-and-Tie plus:

Sectional method--MCFT using β θ Tables
For non-PS sections, β = 2.0 and θ = 45o

’98 2nd Ed., ’99 Interims--Strain revised, 
measured at mid-height – changes by 50%
’04 3rd Ed., ’05 Interims—Principal ft limit of 
0.11√f’c, methodology from Seg. Guide Specs 
’07 4th Ed.—modified Vci, Vcw (NCHRP 549)
’07 4th Ed., ’08 Interims--Canadian shear ( “ )
’07--New Seismic Guide Specs w/ductility 
method



The Choices

Sectional methods
Simplified MCFT w/tabularized θ, β 
Simplified MCFT w/θ = 45; β = 2.0 (§5.8.3.4.1)
Simplified MCFT w/eqns for θ, β (§5.8.3.4.2)
Option to use modified Vci , Vcw (§5.8.3.4.3) 
Option for segmental bridges (§5.8.6)

Member methods
AASHTO LRFD Seismic Guide Specs
Strut-and-Tie (§5.6.3)



Tabularized “θ, β” Method

Simplified form of modified compression 
field theory (MCFT) by Collins, 
Mitchell—a complete behavior model
Vc is dependent on the applied ε and vu
by adjusting β in Vc=0.0316β√f’cbvdv

Angle of diagonal compressive stress 
considered in stirrups:
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Iteration avoidance—
C5.8.3.4.2 permits 
assumption 0.5cotθ = 1.0
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Iteration avoidance—
C5.8.3.4.2 permits 
assumption 0.5cotθ = 1.0





θ = 45, β = 2.0, α = 90o

Non-PS members
Components less than 16-in. thick
Vc=0.0316β√f’cbvdv

Vs=Vu-φVc

Note—some DOT’s using for all 
members!
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Explicit Eqns for “θ, β”

Direct solution—Canadian Stds Assoc., 
2004, 

AASHTO ’08—adopted “Canadian”
equations, moved β−θ Tables to App.  
(Caltrans--continue using β−θ Tables)
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Modified Std. Specs--or  
“Vci, Vcw Method”

4th Ed. (’07)— Vci and Vcw (§5.8.3.4.3)

Kuchma and Hawkins, “Simplified Shear 
Design of Concrete Members” NCHRP 
Report No. 549, 2005
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Pros             Cons

Familiarity w/past
Ancestry never had 
iteration
Incipient cracking 
more appropriate for 
Service

Not a complete 
mechanistic model
Less accurate per 
calcs along many 
components 
Not the tool of choice 
when “sharpening the 
pencil”







Segmental Shear §5.8.6 

Taken from ’89 and ’99 Guide Specs for Dgn
of Segmental Bridges—similar to Std. Specs
Lessor of: 

where                        and
fpc = unfactored compressive stress in concrete 

after prestress losses have occurred either at 
the centroid of the cross-section resisting 
transient loads or at the junction of the web 
and flange where the centroid lies in the 
flange 
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Longitudinal Steel Check

Open issues w/Eq 5.8.3.5-1
Use max Mu and max Vu ?  Or, max Mu
and assoc. Vu?  Max Vu and assoc. Mu?
Which girder distribution factors (gdf)?
Apply skew factors?  M-V interaction not 
considered in their development; 
exacerbated w/skewed support conditions

Caltrans….
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Strut-and-Tie (§5.6.3, §5.8.3)
Simultaneous flexure and shear

Use when distance from face-of-support to 
0-shear is < 2d
Use when a girder load is within 2d to face-
of-support
In other words, use when plane-sections 
don’t remain plane!

Common applications: integral bent 
caps, C-bent caps and footings, 
outrigger bents 
Requires “thinking outside of the box”!



Where are plane-sections-remaining-
plane?

2 D 
MODEL

3 D 
MODEL

LIVE LOAD

Equally Divided



Reinforcement Details

@ 6” @ 15”@ 12” @ 12” @ 12”

22 #11

14 #11

Stirrups:  4 #6

Example:   Two – Column Integral 
Bent Cap

STM

@ 12” @ 16”@ 16” @ 16” @ 16”

24 #11

20 #11

Stirrups:  4 #6

SM



Seismic Shear
Vc = vcAe where Ae = 0.8Ag
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Torsion—is it right?

Before 3rd Ed., ’05 Interims
Specs were silent on modifying Vu for Tu

For β−θ table, vu and ε modified for Tu

Result: lower values for β and hence Vc

Changes 3rd Ed., ’05 Interims
Vu modified for Tu

Silent on modifying vu and ε for Tu



Conclusions and 
Recommendations

Consider which methodology will be 
used for rating or issuing permits; then 
set design policy
Strut-and-tie is more appropriate for 
knee joints and loads from framed gdrs; 
look for NCHRP Report in the future
For columns subjected to extreme 
events, see the new Seismic Guide 
Specs
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