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INTRODUCTION 

Prefabricated bridge elements (PBE) offer many advantages in terms of construction quality and timeline. 
However, these elements commonly require the use of field cast concrete or grout to close the connection 
regions between elements. Field-cast connections have proven troublesome for the construction process 
and for long-term performance, causing some owners to rethink their use of this accelerated bridge 
construction (ABC) technique. To address this challenge, researchers at the Federal Highway 
Administration’s (FHWA)Turner-Fairbank Highway Research Center (TFHRC) have completed more than 
a decade of research investigating materials, structural configurations, and construction processes. The 
primary objective of this extended abstract and presentation is to provide best practices for the design and 
detailing of PBE connections. These best practices were developed by critically examining internal and 
external research findings while also working with owners to deploy innovative solutions and refine the 
existing practices. The topics discussed included connection grout durability, connection performance and 
reinforcement detailing, and precast concrete surface preparations. This extended abstract will highlight 
some of the key concepts related to these topic areas. 

GROUT AND CONNECTION DURABILITY  

The durability of field-cast grouts and PBE connections are critical for ensuring long-term performance of 
the prefabricated structural system. Connection grouts should have good freeze-thaw resistance, low 
chloride ion permeability, and good dimensional stability. The conventional cementitious grouts commonly 
used in connections typically have a low water-to-solids ratio, but the large volume of inert fillers means the 
effective water-to-cementitious ratio is relatively high. As such, some of these grouts have low resistance 
to chloride penetration and poor dimensional stability (1,2). These grouts are typically highly flowable, but 
can still require significant effort to properly consolidate in and around field-cast connection details. Even 
with proper consolidation, the interfaces that exist between the grout and precast concrete can result in 
regions of high porosity (Figure 1-a). These porous interface regions allow chlorides and moisture to ingress 
more easily, which leads to concerns about reinforcement corrosion (Figure 1-b and 1-c). An ongoing study 
has shown that salt ingress in a closure pour region can be up to double the penetration observed in the 
parent materials (3). The presentation will discuss some best practices for grout and connection durability, 
such as the use of internal curing to enhance dimensional stability, the use of sealer and nanotechnology 
to improve interface porosity, and the application of advanced materials.   

 

Figure 1. Durability issues at grout-concrete interfaces. Source: FHWA. 



 

PRECAST CONCRETE SURFACE PREPARATION 

Precast concrete surface preparation plays an important role in the performance and behavior of PBE 
connections. The cold joints between precast concrete and field-cast connection grouts are susceptible to 
premature cracking as a result of bond failure, which can cause structural or durability issues. If cracking is 
to occur, the design objective generally dictates that cracks form within the precast concrete elements and 
not at the concrete-grout interface. Understanding the factors that affect bond behavior between precast 
concrete and PBE connection grouts is critical for proper design and detailing of connections. Previous 
research conducted at TFHRC and elsewhere has identified several of these factors, which include the 
substrate concrete roughness (Figure 2), the moisture content of the substrate concrete, and the 
consolidation of the field-cast material against the substrate concrete (4). Of equal importance are the test 
methods used to evaluate the bond strength, an example of which is shown in Figure 3. Parts a) and b) 
show two different methods for evaluating grout-to-concrete bond strength. Part c) compares the “tensile” 
bond strength determined from each test given the same set of test parameters. Note that there is very little 
correlation between the two tests. The presentation will cover both best practices for surface preparation 
and laboratory bond testing.  

   

a) Sand-blasted. b) Exposed aggregate level 1. c) Exposed aggregate level 2. 

Figure 2. Precast concrete surface finishes. Source: FHWA. 

  

 

a) Flexural beam test. b) Splitting cylinder test. 
c) Comparison of splitting and flexural 

beam tests. 

Figure 3. Grout-to-concrete interface bond testing. Source: FHWA. 

STRUCTURAL PERFORMANCE OF CONNECTIONS 

The structural performance PBE connections is critical. These connections tie structural elements together 
to form a functional structural system. The structural concrete research program at TFHRC has conducted 
over 80 large-scale experiments on PBE connections (5-7). Figure 4 shows two photos from the connection 
testing. These tests investigated different connection grout systems and connection detailing.  Furthermore, 
specimens were subjected to different loading protocols such as low- and high-level cyclic loading, and 
ultimate loading. Results from these experiments provided a better understanding of how PBE connections 
behave with different design parameters. In addition, the TFHRC structural concrete group has conducted 
more than 600 pull-out tests on rebar embedded into ultra-high performance concretes (UHPC) to 
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investigate UHPC non-contact lap spliced connections (5,8). The data from this research was used to 
develop structural design guidance for PBE connections that employ UHPC-class materials (9). The 
presentation will cover some of the best practices developed from these different sets of experiments.  

  

a) Bridge deck connection testing. b) Observed damage. 

Figure 4. Laboratory testing of PBE connections. Source: FHWA. 

SUMMARY  

The structural concrete group at FHWA’s TFHRC has made significant investments to better support the 
use of PBE connections and their field-cast grouts. The presentation will highlight many of the overarching 
best practices that have been developed from a decade of laboratory research.   
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