
The AASHTO LRFD Bridge Design Specifi cations provide rules for strength design of shear connectors for 
steel composite beams. These current rules require that suffi cient shear studs be provided to develop the full 
composite strength of the steel beam. That is, shear studs must be provided to develop the full plastic strength of 
the cross-section, regardless of the actual loads on the beam. If the full composite fl exural capacity of the cross-
section is not needed to resist the design loads, then potentially many more studs are provided than actually 
needed. This is inconsistent with AASHTO rules for composite concrete beams. The current AASHTO rules for 
composite steel beams may require an excessive number of studs that can be diffi cult to place without violating 
current rules for minimum stud spacing, and may pose particular problems for TxDOT standard steel beam 
spans. 

A primary objective of this project is to determine if changes are warranted that would permit shear connectors 
to be designed based on required strength, rather than based on cross-section properties. Since 1969 the 
American Institute of Steel Construction (AISC) specifi cation for buildings has permitted composite steel beams 
to be designed as partially composite so the number of shear studs can be chosen based on the actual loading on 
the beam. For cases where full composite strength is not needed, the use of partial composite design can result 
in a substantial decrease in the required number of shear studs.

A survey of the literature was conducted to establish 
the basis for the composite design provisions in the 
current specifi cations for bridges and buildings. In 
order to address the issues and apparent inconsistencies 
in the AASHTO shear connector design requirements 
for composite steel beams, four areas of composite 
beam design were evaluated: stud design philosophy, 
defl ections, stud spacing requirements and stud fatigue 
behavior. In some cases where the existing research 
was associated with the elastic stress design approach, 
the data were reevaluated based on the plastic strength 
method in the LRFD design provisions.     
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Current AASHTO bridge specifi cations require that composite beams have suffi cient shear studs to fully yield 
the steel beam cross-section in tension. The large number of studs required is independent of the loading on the 
bridge. It is recommended that partial composite design, as used in building specifi cations, be permitted. It is 
shown that 85% of the full composite strength can be achieved with 40% fewer studs. 

Additional tests are recommended to evaluate the possibility of relaxing the current minimum spacing 
requirement. The current AASHTO fatigue requirements for stud design are conservative but no change is 
recommended.

What They Found
The AISC specifi cation has design recommendations for calculation of both strength and defl ections of partial 
composite beams. As expected, the partial composite design concept has a fi rm theoretical and experimental 
research foundation and is accepted in all international codes. Composite stud strength design in AASHTO and 
other codes is based on plastic design principles that assume the end studs have suffi cient ductility to allow a 
uniform distribution of stud shear capacity in the positive moment region. The maximum span lengths in the 
experimental data for composite beams is approximately 40 feet, yet composite design is routinely used in 
bridges with spans that exceed 250 feet. Research should be conducted to investigate the plastic stud design 
approach for long span bridges. Elastic service load defl ections calculated on the basis of a transformed section 
were found to be slightly underestimated. The effective moment of inertia for partial composite beams, as 
defi ned in AISC, is about 25 percent unconservative.  

The maximum spacing of shear connectors of 24 inches that was established in the 1940’s needs further 
research. This limit will prevent uplift of the slab and reduce the chances of moisture getting between the slab 
and steel beam. Moisture between the slab and the steel beam could cause corrosion problems. However, there 
is no record of non-composite bridges with excessive corrosion. Most codes have a maximum limit that is 
longer than 25 inches and is a function of slab thickness. The minimum shear connector spacing requirements 
should remain the same unless experiments are performed on push-out specimens or composite beams with a 
smaller shear stud spacing. If the minimum spacing requirements are reduced, then the requirements to allow 
for the proper compaction of the concrete given by ACI 318-02 should be considered, about 3d for a 7/8-inch 
diameter stud. 

When designing a composite beam in accordance with AASHTO, the composite beam must meet strength and 
fatigue requirements. The fatigue design is based on a fatigue life equation developed in 1967 from push-out 
tests. This type of test is a conservative estimate of the actual behavior of shear studs in a composite beam. The 
AASHTO fatigue equation is conservative when compared to the fatigue life equation used in other codes.


