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Introduction 
Although strides have been made over the past decade to 
address the need for repair or replacement of bridges in 
the U.S., 8.9% of bridges (more than 54,000) are still 
classified as structurally deficient. The backlog of repair and rehabilitation costs is 
estimated at $123 billion. Furthermore, the number of bridges that have been in service 
for more than 50 years is also increasing each year, resulting in an increasing number 
of bridges that are considered structurally deficient. Cracking in concrete bridge decks 
is a primary factor that leads to a structurally deficient rating. Cracks provide a direct 
path for chlorides and moisture to reach steel reinforcement, which can initiate 
corrosion and subsequent spalling and lead to significant reductions in service life. 
Durability may also be compromised by an increased potential of freeze-thaw damage 
due to cracking. 
 

Project Description 
The purpose of this study is to implement internal curing (IC) and supplementary 

cementitious materials (SCMs) in conjunction with Low-Cracking High-Performance 

Concrete (LC-HPC) specifications to improve bridge deck service life through 
reduction of cracking. The goals of this report include identifying practical mixture 

proportioning procedures for internally-cured LC-HPC (IC-LC-HPC) and fine 

lightweight aggregate (FLWA) handling and storage. Construction procedures are also 
examined and correlated with cracking performance for the IC-LC-HPC bridge decks. 

The work involves cooperation between state DOTs, material suppliers, contractors, 

and designers. 

This report focuses on the construction of four IC-LC-HPC bridge decks in Minnesota 

and crack surveys through the first two years after placement. For IC-LC-HPC bridge 

decks, the Minnesota Department of Transportation (MnDOT) adopted many of the 
provisions from the Kansas LC-HPC specifications along with the addition of slag 

cement and IC in concrete mixtures. This report also describes the performance of two 

bridge decks that followed MnDOT specifications for high-performance concrete, 
which serve as controls. Two of the four IC-LC-HPC bridge decks are paired with 
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MnDOT HPC Control (MN-Control) decks constructed during the same construction season, have similar 

geometries, and were placed by the same contractor with concrete from the same supplier. Lessons during this 

study will be used to improve construction of future IC-LC-HPC decks in Minnesota and Kansas. 

Construction and early-age crack evaluations of four bridge decks in Minnesota placed from 2016 to 2018 that 
incorporate specifications for IC-LC-HPC are documented in this study. Two additional decks followed 
specifications for high-performance concrete and served as controls paired with IC-LC-HPC decks. Pre-wetted 
fine lightweight aggregate was used to provide a targeted internal curing water content of 8% by total weight of 
binder. The IC-LC-HPC mixtures included 27 to 30% slag cement by total binder weight while the control 
mixtures included 25 or 35% Class F fly ash by total weight of binder. For one IC-LC-HPC deck, mixture 
proportions were modified based on a higher FLWA absorption than originally used to design the mixture. 
 

Project Results 
One IC-LC-HPC placement failed due to errors in FLWA moisture corrections and concrete batching that led to 
rejections of batches, leaving an inadequate supply of material to complete the deck. Crack surveys were 
completed for the IC-LC-HPC and control decks placed in 2016 and 2017. Crack densities at these ages were 
low compared to most Low-Cracking High-Performance Concrete decks in Kansas and Internally-Cured High-
Performance Concrete decks in Indiana. The only exception was one IC-LC-HPC deck that exhibited extensive 
cracking within one year after placement, which had an overlay with a high cement paste content and no 
internal curing. This project serves as a foundation for implementing IC-LC-HPC in upcoming bridge decks in 
Kansas and Minnesota 
 

Project Information 
For information on this report, please contact David Darwin, Ph.D., P.E.; The University of Kansas, 1530 W. 
15th St, Lawrence, KS 66045; 785-864-3827; daved@ku.edu. 
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Directions for Downloading the Full Report 

To download the full report, visit https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx and do the following: 

1. Enter FHWA-KS-20-04 in the search box. 

2. Click the Search button to the right of the search box. 

3. You may have to scroll to find the specific report. 

4. To download the report, click on the title of the report to open the PDF file and save it to  

your hard drive. 

 

 

 

 

 

 

 

 

 

 

 

If you have any questions, please email us at KDOT#Research.Library@ks.gov. 
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