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1. Background and Introduction 

Design for service life rather than just for strength is becoming more common for 

bridges. Multiple elements should be considered in a service life design process. One aspect of 

this design with potential for a large impact is minimizing the number of transverse deck joints, 

which can be done by using link slabs between bridge spans. Ultra-high performance concrete 

(UHPC) has proven potential for durable link slab construction that can be completed faster than 

with conventional concrete, but many designers are not familiar with the full service life 

potential of UHPC link slabs. This project will build on previous research sponsored by ABC-

UTC and others to develop a “Guide for the Design of UHPC Link Slabs” including 

considerations of deformation, strength, and service life. The project will include a detailed 

examination of the literature available on UHPC link slabs to synthesize design guidance, 

including consideration of service life, and compare performance to conventional concrete 

construction. Data collected as part of previous research sponsored by ABC-UTC and ODOT 

will be combined with information from the literature to develop recommendations for structural 

design requirements and service life considerations required for use of both proprietary and non-

proprietary UHPC. Experimental testing of link slab durability before and after service level 

loading will be included to fill perceived gaps in knowledge of link slab durability performance. 

Finally, cost analysis information will be used to examine alternative construction details. A 

major objective of this project will be to develop user friendly tools, that will allow use of 

developed information within the framework developed by SHRP2 R19A for service life design 

of bridges and to provide educational materials to help practitioners understand how to use those 

tools 

2. Problem Statement 

Design for service life rather than just for strength against potential overload and fatigue 

failure is becoming a more common consideration for bridges (Azizinamini et al., 2013). 

Building bridges that last longer and extending the life of existing bridges is a critical issue in the 

United States. Multiple bridge elements should be considered in a service life design process. 

One aspect of design, and often bridge retrofit, with potential for a large impact is minimizing 

the number of transverse deck joints. Bridge deterioration can often be traced to poor 

performance of these deck joints due to failure of the joint seal allowing chloride laden water 

onto bridge girder ends, bearings, and substructure elements. Using link slabs over the piers 

allows for eliminating some interior joints and moving expansion joints to the end of the bridge 

while still maintaining typical bridge behavior. Link slabs allow the simply supported behavior 

expected for many bridges, yet still transmit deformations and forces to expansion joints and 

reduce potential penetrations in the bridge deck. Advanced materials, such as ultra-high 

performance concrete (UHPC) have the potential to further improve the performance of link 

slabs. 

UHPC is a fiber-reinforced cementitious composite with a compressive strength typically 

in excess of 22 ksi, excellent bond strength with reinforcement and substrate concrete, and a high 

post-cracking tensile strength. Together, these properties allow for the flexibility and cracking 

resistance needed for superior link slab performance. UHPC link slabs have great potential to 

simplify link slab details and substantially improve their durability. UHPC link slabs are 

specifically relevant to accelerating bridge retrofit in that the short required debonded lengths 

can significantly reduce the required amount of demolition and the overall time required for the 



project. Debonded lengths for UHPC link slabs can be as small as 16 in. compared to several feet 

for conventional construction. While the concrete in the immediate area of the joint may be 

deteriorated and can be removed quickly, concrete further from the joint will often be sound and 

take substantial time and labor to remove. Figure 1 shows an example UHPC link slab detail 

used by NYDOT showing the short length of UHPC material in the direction of the span 

(Graybeal, 2014). The high compressive strength of typical UHPC is not critical for this 

application and non-propriety UHPC grade materials with the required bond and flexural 

strengths are a potential option to obtain the desired durability. The hairline distributed cracks 

that form in a UHPC link slab limit pathways for water to penetrate to the bridge girders and 

substructure, and UHPC itself is inherently more durable than conventional concrete due to its 

very low permeability. UHPC link slabs have been used successfully in the field by several state 

DOTs and a limited number of research projects have examined structural behavior of UHPC 

link slabs.  

 
Figure 1. Example UHPC link slab detail used on a bridge project in Owego, NY, shown as a 

split section with the left side showing details at the girder line and right side showing details 

midway between girders (Graybeal, 2014) 

Using UHPC for link slabs has great potential to simplify details and substantially 

improve durability. Several research studies have been carried out focused on link slabs and 

appropriate design guidelines are available in the AASHTO LRFD Guide Specifications for 

Accelerated Bridge Construction (2018). However, there is still some confusion about design 

requirements when using advanced materials such as UHPC and for quantifying the service life 

benefits of using UHPC link slabs compared to conventional construction. 

3. Objectives and Research Approach  

In order to be used with service life design recommendations (Azizinamini et al. 2013), 

information is needed on multiple aspects of UHPC link slabs. Bridge configurations appropriate 

for the use of UHPC link slabs for new construction, for repair/retrofit, and with an emphasis on 

accelerated construction will be identified. Failure mechanisms identified from previous research 

will be considered from both a structural and durability standpoint. Performance of UHPC link 

slabs will be examined relative to repeated traffic loading causing cracking and fatigue, and the 

resulting freeze-thaw durability and corrosion resistance compared to conventional construction. 



This project will build on previous research to develop a “Guide for the Design of UHPC 

Link Slabs” including considerations of deformation, strength, and service life. This study will 

expand upon research sponsored by the ABC-UTC and others focused on structural behavior of 

UHPC link slabs and on research sponsored by the Oklahoma Department of Transportation 

(ODOT) on UHPC for bridge retrofit and holistic design of bridge systems. The proposed project 

will include a detailed examination of the literature available on UHPC link slabs to synthesize 

design guidance, including consideration of service life (e.g. Azizinamini et al., 2013). Data 

collected as part of previous research sponsored by ABC-UTC (Shafei et al. 2018, Floyd et al. 

2019) and ODOT (Floyd et al. 2018) will be combined with information from the literature to 

develop recommendations for structural design requirements and service life considerations 

required for use of both proprietary and non-proprietary UHPC. Limited experimental testing 

will be included to fill perceived gaps in knowledge of link slab durability performance. Finally, 

cost analysis information will be used to examine alternative construction details. 

A major objective of this project will be to develop user friendly tools that will allow use 

of developed information specific to UHPC link slabs within the framework developed by 

SHRP2 R19A for service life design of bridges and to provide educational materials to help 

practitioners understand how to use those tools. 

4. Description of Research Project Tasks 

The following is a description of tasks carried out to date. 

Task 1 – Review of Link Slab Research and Practice 

The project will include a detailed examination of the literature available on UHPC link 

slabs to synthesize design guidance, including consideration of service life (e.g. Azizinamini et 

al., 2013), and how that guidance fits with published guide specifications. Data collected as part 

of previous research sponsored by ABC-UTC (Shafei et al., 2018; Floyd et al., 2019) and ODOT 

(Floyd et al., 2018) will be combined with information from the literature to develop 

recommendations for structural design requirements and considerations required for use of both 

proprietary and non-proprietary UHPC. Standard practices by states currently using link slabs 

will be examined by leveraging the connections available through the ABC-UTC with particular 

emphasis placed on New York DOT, which has successfully used UHPC link slabs for a number 

of bridges. Typical details used by these states will be presented in the proposed Guide with 

guidance on application of these details to specific bridges. 

An investigation of standard details and completed projects including link slabs and other 

deck joint types from several states was conducted. States examined so far include Oklahoma, 

Texas, Tennessee, and New York. Standard drawings for UHPC and conventional link slabs 

were obtained from New York DOT. A literature review of UHPC link slab research and design 

was begun. 

  Task 2 – Identification of Service Life Design Considerations 

Bridge configurations appropriate for use of UHPC link slabs for new construction, for 

repair/retrofit, and with an emphasis on accelerated construction/retrofit will be identified. 

Failure mechanisms identified from previous research will be considered from both the structural 

and durability standpoint, and performance will be examined relative to repeated traffic loading 

causing cracking and fatigue and the resulting freeze-thaw durability and corrosion resistance. A 



comparison will be made to the same properties for construction of link slab and continuous 

spans with conventional concrete. 

This task is scheduled to begin in Quarter 2 of the project year. 

Task 3 – Cost Analysis 

An analysis of the cost and comparison to other possible methods for both construction 

and retrofit will be conducted including the economic effects of a potential extension of service 

life. Other potential design details for comparison include link slabs constructed with 

conventional concrete or other concrete materials, simple spans with a deck construction joint, 

full depth continuity connections, and elimination of the deck joint without designing the 

connection as a link slab. 
 

This task is scheduled to begin in Quarter 4 of the project year, but due to delays in 

laboratory work caused by the COVID-19 pandemic, initial work on this task was conducted. 

Cost data for link slabs and other joint types available from state DOT bid records was obtained 

from Oklahoma, Texas, Tennessee, and New York. Investigation into other states was begun. 

Task 4 – Link Slab Durability Specimen Construction and Preparation 

Most of the research on UHPC link slabs has been conducted using available proprietary 

UHPC mix designs and little research has been conducted on durability of link slabs with 

potential damage from service level cyclic loads. Two full-scale link slab segments will be 

constructed, using non-proprietary UHPC. If possible, one specimen will be constructed with 

conventional concrete for comparison. Formwork and methods developed from the matching 

funds projects will be utilized for specimen construction. The second link slab with each material 

will be subjected to 3 million service level load cycles to induce a level of damage to the 

specimen similar to that expected in the field. 
 

This task has been delayed due to lab closures at OU associated with the COVID-19 

pandemic. While a phased restart of research was begun in May 2020, the students working on 

this project were not selected to be part of Phase 1. Work on other tasks has been shifted to 

earlier in the project in an attempt to make up the delay. 

Task 5 – Link Slab Durability Testing 

Sections will be cut from one non-proprietary UHPC link slab specimen without it being 

subjected to any loading. The second link slab will then be cut into sections after being subjected 

to cyclic loading. Appropriate size sections cut from the link slab segments will be exposed to 

accelerated corrosion testing to examine the effect of the two different materials and the resulting 

interface on system durability. One set of composite conventional concrete-UHPC specimens 

will be exposed to a 5% saline solution ponded around the specimen, which will be connected to 

a DC power supply to accelerate the reinforcing bar corrosion using methods similar to Wang et 

al. (2014, 2017) and Abosrra et al. (2011). A stainless steel cathode will be placed in the saline 

solution and the anode connected to the slab reinforcement. The comparative time required to 

reach visible corrosion will be documented along with the location and progression of damage 

for each specimen. Results from previous ABC-UTC projects related to durability of UHPC in 

general will also be considered to provide a more complete picture of behavior. 

 This task is scheduled to begin in Quarter 3 of the project year. 



Task 6 – Education Module Development 

A series of voice annotated PowerPoint presentations and short videos will be developed 

that will be useful for training design professionals on design of UHPC link slabs including 

consideration of service life and durability. 

 This task is scheduled to begin in Quarter 4 of the project year. 

Task 7 – Assembling Reports and “Guide for Design of UHPC Link Slabs” 

Quarterly progress reports and a final report in Microsoft Word and ADA compliant 

Adobe Acrobat pdf will be provided at the end of the project year. A “Guide for Design of 

UHPC Link Slabs” will be developed incorporating the results of the research. This Guide will 

include user-friendly tools that will allow use of the research results within the framework 

developed by SHRP2 R19A for service life design of bridges. 

 The current report is the first of the quarterly progress reports for the project and 

documents the activities of part of April and May 2020. 

5. Expected Results and Specific Deliverables 
 

This project will develop user friendly tools that will facilitate design of UHPC link slabs 

within the framework developed by SHRP2 R19A for service life design of bridges. A “Guide 

for Design of UHPC Link Slabs” and training materials will be produced. 

Success of this project would provide a track record that could lead to funding to 

complete similar work related to other potential design items or retrofits. As new construction 

methods are implemented and a greater emphasis is placed on service life design, this type of 

Guide will be needed. The proposed “Guide for Design of UHPC Link Slabs” will provide useful 

guidance for design and construction of UHPC link slabs, which have great potential for joint 

elimination in Oklahoma and across the country. The proposed “Guide for Design of UHPC Link 

Slabs” will be a useful addition to states’ bridge design specifications 

6. Schedule 
 

Progress of tasks in this project is shown in the table below. 

   

Item % Completed 

Percentage of Completion of this project to Date  5% 
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