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1 Chapter 1: INTRODUCTION 

 

1.1 Problem Statement 

Whitetopping is a rehabilitation method for moderately distressed hot mix asphalt (HMA) 

pavements by a plain concrete (PC) or fiber reinforced concrete (FRC) overlay.  Whitetopping is 

constructed with thinner and shorter slabs.  The structural stiffness of the existing HMA layer 

and the interface bonding between the concrete and HMA layers are accounted for in the 

mechanistic design procedure.  The advantages of this type of overlay over the traditional HMA 

overlays is by making use of the underlying HMA to carry the traffic, the thickness of the 

overlay can be reduced. 

The performance studies of different existing whitetopping projects available in the literature ( 

Vandenbossche, 2003; Burnham, 2006 and Barman, et al., 2010) reveal that these overlays 

mainly fail by corner, transverse and longitudinal cracks.  Also, it was observed that in most of 

the cases, cracks generally initiate at the edges of the slabs.  When the repeated wheel loads on a 

critical location induces excessive damage, eventually cracks initiate.  The reasons for the 

increased stress could be (i) low load transfer between the adjacent concrete slabs, (ii) low load 

transfer through the HMA layer under the joint and (iii) debonding at the interface of concrete 

and HMA layers.  All these reasons are directly or indirectly related to the joint condition.   

The joint performance, conventionally expressed in terms of load transfer efficiency (LTE), is a 

function of the joint stiffness.  Joint stiffness depends on the type of the concrete material, width 

of the crack (cw), magnitude and repetitions of the wheel load, size of the slab and modulus of 

the subgrade reaction, etc.  In whitetopping, a major share of the wheel load is transferred 

through the HMA layer, however, a better joint performance between the adjacent slabs reduces 

the stress on the loaded slab, and. more importantly, reduces the potential for interface 

debonding.  At a better joint performance, the differential deflection between the slabs remains 

low, which helps to reduce the debonding stress at the interface by protecting the HMA layer 

from peeling away from the concrete layer. 

A better joint performance between the slabs can be achieved by (i) ensuring a higher aggregate 

interlock area and (ii) by transferring the wheel load through some dowel action.  A higher 
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aggregate interlock area can be achieved by keeping the joints and cracks tight.  Regarding the 

dowel action, conventional dowel bars are not used in very thin (< 5 in) whitetopping.  The 

application FRC appears to be beneficial in this case.  FRC holds adjacent slabs in close 

proximity, resulting in an increase in effective aggregate interlock area.  Structural fibers with 

sufficient stiffness might also provide dowel action that helps to transfer the load to the adjacent 

slab. 

In the United States (US), FRC is commonly used in ultrathin whitetoppings.  The results of a 

survey reported in the National Cooperative Highway Research Program (NCHRP) Synthesis 

338 ( Rasmussen & Rozycki, 2004) show that sixty-four percent of the responders have used 

FRC in ultrathin whitetopping.  However, it is unfortunate that even though the FRC has been 

used for years, the real benefits are not completely accounted for in the whitetopping design 

procedures.  Only one whitetopping design procedure, namely, the Illinois Center for 

Transportation (ICT) design procedure, accounted for some of the benefits of the use of fibers in 

the performance of ultrathin whitetopping ( Roesler, et al., 2006 and Roesler, et al., 2008).  In 

that design procedure, a 20% increased modulus of rupture (MOR) is proposed to account for the 

contribution of fibers.  This was decided based on the experimental findings that the inclusion of 

an affordable quantity of fibers provides a 20% residual strength ratio (RSR).  But this might not 

be the actual and sole contribution of the fibers.  Moreover, the MOR and RSR do not represent a 

similar kind of strength of the concrete.  An increased RSR provides post crack benefits, whereas 

the MOR measures the flexural strength of the un-cracked concrete.  The main benefits of the 

FRC could actually be in the contribution of improved joint performance. 

 

1.2 Research Significance and Objectives 

The reason behind the aversion of incorporating the joint performance benefit of FRC into the 

current design procedures is no research has been performed to quantify the benefit of fibers in 

joint performance, especially in whitetopping overlays.  Most of the research studies ( Colley & 

Humphrey, 1967; Nowlen, 1968; Bruinsma, et al., 1995; Brink, et al., 2004; Hansen, et al., 1998; 

Jensen & Hansen, 2001) that characterize joint performance for conventional concrete pavements 

were carried out by casting large size slabs in laboratory conditions, which are expensive and 

generally cost-prohibitive when evaluating a large number of design parameters.  The in-service 



3 

 

joint performance evaluation through the use of a falling weight deflectometer (FWD) is also 

expensive. 

Therefore, it is a dire necessity to develop a simple joint performance evaluation procedure so 

that the joint performance characterization becomes easy, affordable and possible through the 

use of small scale specimens.  This would provide researchers with a more affordable means for 

characterizing joint performance.   

The present study includes the development of a small-scale joint performance test procedure.  

Beam specimens with a dimension of 24 inch x 6 inch x 6 inch can be used in this small-scale 

procedure.  This procedure is referred to as the beam accelerated load testing (BALT) procedure.  

This test procedure will be then correlated with the more typical large-scale joint performance 

test procedure.  The large-scale procedure is referred to as slab accelerated load testing (SALT) 

procedure.  The SALT will be conducted using ALF on the real size slabs.  The correlation 

between the two procedures will facilitate the utilization of beam specimens in the BALT 

procedure in deriving the joint performance for slabs.  

The other main objective of this research is to quantify the joint performance contribution of 

FRC in the whitetopping.  In order to achieve this, joint performance testing on both PC and 

FRC concrete specimens will be conducted.  The results will be compared so the contribution of 

the FRC in joint performance can be qunatified. 

Finally, through the use of the finite element method (FEM), a relationship between LTE and the 

non- dimensional joint stiffness (AGG*) will be developed, specifically for the whitetopping 

overlay.  AGG* will be defined as a function of LTE and the design feature of the whitetopping. 

This AGG* can be used in the mechanistic design of the whitetopping.  Also, the laboratory test 

results will be coupled with the FEM results to derive the debonding stresses for different 

whitetopping structures with and without the application of fibers. 

These overall objectives will be accomplished by completing the following major tasks: 

(i) Develop the BALT test setup and test procedure; 

(ii) Correlate the results of BALT  and SALT procedures; 
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(iii) Investigate the joint performance of the PC and FRC concrete mixtures at different crack 

widths and load repetitions; 

(iv) Establish a relationship between the LTE and AGG* for bonded whitetopping; 

(iv) Quantify the benefits of the inclusion of fibers in terms of load transfer efficiency; 

(v) Quantify the benefits of the inclusion of fibers in terms of reducing debonding stress; 

 

 


