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Research Needs:
A common pavement rehabilitation technique for rutted or cracked hot-mixed asphalt concrete
roadways is to mill the surface and then overlay with up to 6 inches of a portland cement
concrete (PCC) layer (1-3). More recent advancements in research has proven that a feasible
top wearing surface can be made at this 2 inch (50 mm) thin layer if it is comprised of fiber
reinforced concrete (FRC) (4; 5). FRC has increasingly being used in UTW overlays since it
has been proven through experimental lab and field testing improve the fatigue life and reduce
deflections of jointed concrete overlay slabs (6-11).
Cracking and debonding of the overlay structure can initiate as a result of drying shrinkage,
and temperature shrinkage, slab settlements, or external loads (12; 13). Temperature-induced
curling and cracking has been researched many times and is currently recognized as one of the
major failure mechanisms in concrete pavements (14-17). Slabs are designed to have joints cut
at spacing sizes proportional to the thickness (18-20). These joints are cut in order to provide a
specific location for thermal and humidity-induced cracking while also keeping net curling liftoff deflections to a minimum. It has experimentally been verified that with FRC overlays and
pavements, not every joint cracks upon the first thermal cycle. Yet the few joints that do crack
at early ages produce the lowest load transfer efficiency and widest crack widths at later ages
(21; 22). There are no known publications or research performed which has studied why or
how the addition of fiber-reinforcement in a thin concrete overlay affects the joint cracking and
slab curling.
A full-scale test pavement of a 50 mm thick FRC overlay was constructed in July 2009, which
has been subjected only to environmental loading since then (4; 21). This is a unique
pavement section as well because it has no mid-panel slab cracking except in pre-placed
constructed debonding zones. The cracking of joints was monitored at early ages between 3
and 20 days as well as climatic temperature data of the air and in 4 depths within the pavement
structure. Existing temperature and joint opening models (23) overpredict the actual crack
widths measured from the field. The proposed research will attempt to improve prediction of
crack width for thermally-loaded FRC pavements. The early-age properties of FRC as
measured in this research will be utilized in a cohesive zone finite element analysis of the same
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overlay design.
Research Objectives:
The main objective of this research is to perform experimental tests to determine the hardened
properties of fiber-reinforced concrete as they change with time at early-ages. These
properties and their function with time can be implemented into finite element modeling to
improve overlay prediction at early ages.
Research Methods:
Experimental testing is needed for improving the accuracy of the finite element model. These
will be done on plain and fiber-reinforced concrete mixtures. The early age properties are
needed for 1, 3, and 7 days in addition to later age properties at 28 and 90 days. The material
variables for this research will be to investigate two different synthetic fiber types and three
different fiber contents (0.25, 0.5, and 1.0% volume fraction) in concrete or mortar. The
standardized tests will be:


Elastic Modulus (ASTM C469) vs time



Coefficient of Thermal Expansion (AASHTO T336-11) vs time



Split-Tensile Strength of Concrete (ASTM C496) with time

Additionally, non-standardized tests will be performed at different ages, as described herein,
but still provide necessary information for improving accuracy of finite elment modeling.
1) Fracture Energy Testing
The wedge split tension test provides fracture properties with the lowest variability between
specimens (24-26). The fracture properties associated with the maximum tensile load to induce
cracking (Pmax) and the energy (area under the load versus crack opening displacement curve)
until complete failure (GFRC) for the FRC mixtures will be obtained (24; 25; 27; 28). The
specimen preparation requires a pre-formed notch be made for which the wedge assembly can
fit into, as well as aiding in controlling the location of crack initiation at the tip of the notch.
The sizes of the specimens are 150 x 150 x 150 mm (6 x 6 x 6 in) which are easily manageable.
A wedge, roller assembly, and displacement gauge have been custom-made based on previous
researched test dimensions for concrete. Previous research has found fracture properties of
concrete do change significantly at early ages (29). It is presumed that with FRC a significant
change will also occur, and this research will attempt to create regression analysis of how the
FRC fracture properties change with age.
2) Ring Shrinkage
A newly recommended dual ring test (30) and the standardized concrete restraint ring shrinkage
(AASHTO PP-334-08) will be built at the Utah DOT Central Materials Lab in the Fall of 2014.
The new dual ring test is unique in that it can measure both shrinkage and possible expansion
of a mortar mixture. It also has a heating and cooling wire and insulation coating as shown
in Figure 1 to provide better humidity and temperature controls during testing. Plus with
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twice as many strain gauges (four) this dual ring test can provide more precise averaged
shrinkage strain values of the mortar.

a)

b)

Figure 1. Dual-Ring Shrinkage a) insulation box with rings ready for mortar to be cast, and b)
heating/cooling coil unit on top of cast mortar sample.

3) Interfacial Bond Strength
Half FRC + half asphalt specimens such as shown in Figure 2 will be prepared and tested using
the same wedge-split apparatus and loading rate in order to determine the tensile bond strength
between FRC and asphalt at early ages. This type of bond testing is based off a paper by
Tschegg in which epoxy was tested between two concrete layers (31). For this procedure,
there will be no epoxy placed between the FRC and asphalt, but instead the original asphalt
will be roughened with a sand-blasting media to resemble more of the milled surface expected
for overlay construction.

Half
Aged
Asphalt

Figure 2. Interfacial Bond Test using the same wedge-split test apparatus with half FRC and
half asphalt.

Expected Outcomes:
At least one journal reports will be created by the completion of this project. It is anticipated
that a journal such as “Early-Age Properties of Fiber-Reinforced Concrete for Overlays” will
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be submitted to Transportation Research Board, International Journal of Pavement Engineering,
or American Society of Civil Engineering Journal of Materials.
Relevance to Strategic Goals:
This proposed project and outcomes are directly related to the “State of Good Repair” strategic
goal. This research will look at incorporating combined environmental loading and early-age
effects on thin overlays or patch repair mixtures using fiber-reinforcement. It is not well
understood what saw-cut joint spacing is needed or the net deflection or de-bonding effects can
be expected when utilizing fiber-reinforcement in the top overlay material. Measurements will
provide knowledge on how the FRC properties change at these early ages in which cracking is
typically started.
Educational Benefits:
At least one University of Utah graduate course will be influenced by the project. The testing
procedure will be covered in a lecture associated with a special topics course CVEEN 7290
Advanced Testing of Materials in the Fall of 2014. The technology transfer from the research
findings will also be attempted at the local/regional level by asking to participate in presenting
this research at the January 2015 Annual Workshop for the American Concrete Pavement
Association Utah Chapter.
Work Plan:
The proposed experimental testing will take roughly 6 months to complete. It is anticipated
that the journal paper will be completed in the summer of 2015.
Project Cost:
Total Project Costs: $37,434
MPC Funds Requested: $18,667
Matching Funds: $18,767
Source of Matching Funds: Utah Department of Transportation
TRB Keywords:
Concrete overlays, fiber-reinforced concrete, finite element modeling, early-age properties,
fracture energy

4

References:
[1] Mack, J. W., L. D. Hawbaker, and L. W. Cole. Ultrathin whitetopping - State-of-the-practice
for thin concrete overlays of asphalt. Transportation Research Record, Vol. 1610, No. Journal
Article, 1998, pp. 39-43.
[2] Rasmussen, R. O., and D. K. Rozycki. Thin and Ultra-Thin Whitetopping: A Synthesis of
Highway Practice.In, No. NCHRP-SYN-338, American Association of State Highway and
Transportation Officials; Federal Highway Administration, Washington, DC, 2004. p. 87.
[3] Transtec, G. Whitetopping - Design.In, No. 2007, Transtec Group, 2007.
[4] Bordelon, A. Flowable Fibrous Concrete for Thin Concrete Inlays. ASCE Conf. Proc., Vol.
398, No. 41167, 2011, p. 84.
[5] Harrington, D. Guide to Concrete Overlays: Sustainable Solutions for Resurfacing and
Rehabilitating Existing Pavements, 3rd Edition. American Concrete Pavement Association,
2014.
[6] Cervantes, V., and J. Roesler. Performance of Concrete Pavements with Optimized Slab
Geometry.In, University of Illinois at Urbana-Champaign, Department of Civil and
Environmental Engineering, Urbana, IL, 2009.
[7] Beckett, D. Ground-supported slabs made from steel-fibre-reinforced concrete. Concrete
(London), Vol. 38, No. 8, 2004, pp. 30-31.
[8] Rollings, R. S. Curling Failures of Steel-Fiber Reinforced Concrete Slabs. ASCE Journal
of Performance of Constructed Facilities, Vol. 7, No. 1, 1993, pp. 3-19.
[9] Johnston, C. D., and R. W. Zemp. Flexural Fatigue Performance of Steel Fiber Reinforced
Concrete--Influence of Fiber Content, Aspect Ratio, and Type.In, No. 88, 1991. pp. 374-383.
[10] Ramakrishnan, V., G. Y. Wu, and G. Hosalli. Flexural Fatigue Strength, Endurance Limit,
and Impact Strength of Fiber Reinforced Concretes. Transportation Research Record: Journal
of the Transportation Research Board, Vol. 1226, No. Journal Article, 1989, pp. 17-24.
[11] Zhang, J., H. Stang, and V. C. Li. Fatigue life prediction of fiber reinforced concrete under
flexural load. International Journal of Fatigue, Vol. 21, No. 10, 1999, pp. 1033-1049.
[12] Carlswärd, J. Shrinkage cracking of steel fibre reinforced self compacting concrete
overlays: test methods and theoretical modelling.In, No. Dissertation/Thesis, Lulea University
of Technology, Lulea, Sweden, 2006.

5

[13] Silfwerbrand, J., and J. Paulsson. Better bonding of bridge deck overlays. Concrete
International, Vol. 20, No. 10, 1998, pp. 56-61.
[14] Zhang, J., and V. C. Li. Influence of supporting base characteristics on shrinkage-induced
stresses in concrete pavements. Journal of Transportation Engineering, Vol. 127, No. 6, 2001,
pp. 455-462.
[15] Shin, H. C., and D. A. Lange. Effects of shrinkage and temperature in bonded concrete
overlays. ACI Materials Journal, Vol. 101, No. 5, 2004, pp. 358-364.
[16] Ioannides, A. M., and L. Khazanovich. Nonlinear temperature effects on multilayered
concrete pavements. Journal of Transportation Engineering, Vol. 124, No. 2, 1998, pp. 128136.
[17] Hiller, J. Development of mechanistic-empirical principles for jointed plain concrete
pavement fatigue design.In, No. Ph.D., University of Illinois at Urbana-Champaign, United
States -- Illinois, 2007. pp. 281-281.
[18] Gucunski, N. Development of a Design Guide for Ultra Thin Whitetopping (UTW).In, No.
FHWA 2001 - 018, New Jersey Department of Transportation, Trenton, NJ, 1998. p. 54.
[19] Harrington, D. Guide to Concrete Overlays. American Concrete Pavement Association,
Skokie, IL, 2008.
[20] Tarr, S. M., M. J. Sheehan, and P. A. Okamoto. Guidelines for the Thickness Design of
Bonded Whitetopping in the State of Colorado.In, Colorado Department of Transportation,
Denver, CO, 1998.
[21] Bordelon, A. Flowable Fibrous Concrete For Thin Pavement Inlays.In Civil and
Environmental Engineering, No. Ph.D., University of Illinois Urbana-Champaign, Urbana, IL,
2011. p. 201.
[22] Bordelon, A. C. Fracture Behavior of Concrete Materials for Rigid Pavement Systems.In,
No. M.S. Thesis, University of Illinois at Urbana-Champaign, Urbana, IL, 2007.
[23] Darter, M. I., and E. J. Barenberg. Design of Zero-Maintenance Plain Plain Jointed
Concrete Pavement.In, No. DOT-FH-11-8474, FHWA, Washington DC, 1977.
[24] Brühwiler, E., and F. H. Wittmann. The Wedge Splitting Test, A New Method of
Performing Stable Fracture Mechanics Tests. Engineering Fracture Mechanics, Vol. 35, No.
1/2/3, 1990, pp. 117-125.
[25] Löfgren, I., H. Stang, and J. F. Olesen. The WST method, a fracture mechanics test method
for FRC. Materials and Structures/Materiaux et Constructions, Vol. 41, No. 1, 2008, pp. 197211.
6

[26] Kim, M. O., and A. Bordelon. Determination of Total Fracture Energy for FiberReinforced Concrete. ACI Special Publications, Vol. submitted, 2014.
[27] Hillerborg, A. The theoretical basis of a method to determine the fracture energy G F of
concrete. Materials and Structures, Vol. 18, No. 4, 1985, pp. 291-296.
[28] Gaedicke, C., S. Villalobos, J. Roesler, and D. Lange. Fracture mechanics analysis for saw
cutting requirements of concrete pavements.In, 2007. pp. 20-29.
[29] Østergaard, L., D. Lange, and H. Stang. Early-age stress-crack opening relationships for
high performance concrete. Cement and Concrete Composites, Vol. 26, No. 5, 2004, pp. 563572.
[30] Schlitter, J. L., D. P. Bentz, and W. J. Weiss. Qualifying Stress Development and
Remaining Stress Capacity in Restrained, Internally Cured Mortars. ACI Materials Journal,
Vol. 110, No. 1, 2013, pp. 3-12.
[31] Tschegg, E. K., and T. Krassnitzer. Mode I fracturing properties of epoxy bonding paste.
International Journal of Adhesion and Adhesives, Vol. 28, No. 7, 2008, pp. 340-349.

7

