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Background
Prestressed concrete girders are an efficient structural 
component widely used for bridge applications in 
the state of Texas. Historically, the concrete girders 
were primarily utilized in simply-supported bridge 
applications. However, recent advances have seen 
the use of spliced concrete girders resulting in multi-
span units comprised of precast girder sections.  The 
resulting span lengths are significantly longer than 
traditional applications of the precast girders.  These 
longer span applications subsequently have more 
complex stages considering various erection sequences 
and as well as casting of the concrete bridge deck.  The 
longer span applications result in questions regarding 
girder stability throughout the construction process.  
In addition, live load distribution in the longer girder 
systems is not well understood.  Additional questions 
exist of the number of diaphragms that are required 
along the girder length.

What the Researchers Did
The researchers conducted extensive laboratory 
testing to obtain data on the flexural and torsional 
stiffness of typical precast girder segments utilized in 
Texas.  Data was obtained in both the uncracked and 
cracked state considering various combinations of 
flexure and torsion on the girders.  The experiments 
provided valuable data for validating the finite 
element analytical (FEA) models of the girder systems.  
The validated models were then utilized to conduct 
extensive parametric FEA studies on typical spliced-
girder systems utilized in Texas.  The parametric 
studies were used to quantify the stability behavior 
of these prestressed concrete girder systems during 
erection and casting of the concrete bridge deck.  
The analysis included both eigenvalue buckling and 
nonlinear geometrical analyses using both uncracked 
and cracked section properties.  Detailed studies were 
also conducted considering the live load distribution of 
the bridge system in-service.

What They Found
The researchers found the following: 

General Stability Recommendations for I-girders and 
U-girders:
Utilizing FEA models developed from laboratory
experiments, the RT evaluated a the commonly utilized
precast concrete girder sections in Texas had sufficient
stability for the likely geometries in spliced concrete
girder sections.  Both erection and deck placement
sequences were analyzed assuming a deadload factor
of 1.4, which is consistent with AASHTO Section 3.4.2.1.
Although the load factor of 1.4 is intended for steel
superstructures, the factor accounts for uncertainty in
the distribution of load during deck construction when
stability limit states are critical.  Therefore, utilizing
the 1.4 load factor is consistent with the controlling
lmit states being evaluated. Constructability concerns
due to significant lateral displacement during deck
construction should be considered.  The researchers
recommend providing cast-in-place concrete
diaphragms at all permanent supports and at least one
intermediate location between the supports.  Texas
bridges have made use of diaphragms at the splice
locations and midspan.  The researcher recommend



diaphragms be utilized at all intermediate splice 
locations. 

Effects of Crack Depth and Location on the Stability of 
I-girders and U-girders:
Although cracking likely to occur during transportation 
and erection are difficult to find since the prestressing 
closes the cracks, if cracks are found, the maximum 
crack depth in the positive and negative bending 
moment regions should not exceed that of the flanges 
to maintain sufficient girder buckling capacity. FEA 
solutions considering nonlinear geometrical effects 
demonstrated significant loss of stiffness as cracks 
propagate through the web towards the center of 
gravity. This loss of stiffness reduced the buckling 
capacity and amplified girder deformations. From 
laboratory testing, the results demonstrated that 
cracks may appear closed to visual inspection due to 
prestressing of the girders once the cracking load is 
removed. 

Live Load Distribution Factor (LLDF):
Studies on the live load distribution between girders 
were conducted on the range of spliced-girder 
systems utilized in Texas with the different diaphragm 
configurations shown in Figure 1. The studies consisted 
of influence surface analyses with the AASHTO live 
loading conditions.   The AASHTO LLDFs were generally 
conservative for bridge layouts with solid diaphragms 
at the supports and splices (Layout-2 in Figure 1). 
These additional diaphragms lead to improved bending 
moment, shear, and support reaction distributions and 
match the recommendations for girder stability.

What This Means
While limited studies have been conducted on stability 
of prestressed concrete girders, the research conducted 
in this study provided insight into the behavior during 
erection and construction.  Recommendations were 
provided for diaphragm spacing for both stability 
and live load distribution.  Recommendations were 
provided for the stability evaluation utilizing a simple 
procedure utilizing closed-form buckling solutions as 
well as an alternate refined FEA analysis.  The findings 
and recommendations provide confidence in the 
stability and live load distribution for spliced-concrete 
girder systems utilized in Texas.  
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