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The Effect of AC Overlays on D-Cracking 1n 

PCC Pavements 

DONALD J. JANSSEN and BARRY J. DEMPSEY 

ABSTRACT 

Durability cracking (D-cracking) is the progressive deterioration of portland 
cement concrete (PCC) and is normally caused by winter freeze-thaw cycling. The 
PCC coarse aggregate source has been identified as causing well-designed mixes 
to develop D-cracking. A common rehabilitation procedure for D-cracked PCC 
pavements is to overlay the PCC with asphalt concrete (AC). This renews the 
surface, but little is known about the long-term effect of ll.C overlays on 
D-cracked pavements. The primary climatic factors responsible for D-cracking 
are moisture and temperature. Finite-difference transient flow computer mois
ture movement modeling as well as tield instrumentation ana iaooratory measure
ments indicate that AC overlays have a negligible effect on the PCC pavement 
moisture regime. The effect of AC overlays on the PCC temperature regime was 
evaluated by finite-difference heat transfer computer modeling. AC overlays 
were found to decrease the number of freeze-thaw cycles and the rate of cooling 
in PCC pavements. Laboratory freeze-thaw durability tests duplicating field 
conditions for Interstate 70 near Vandalia, Illinois, were conducted on PCC 
samples with AC overlays 0 to 6 in. thick. All the PCC samples cycled to the 
equivalent of 5 years of winter exposure showed strength loss as determined by 
split tensile tests. The samples with 4-in. over lays showed the most strength 
loss. It was concluded that AC overlays do not prevent the progression of 
D-cracking in PCC; instead some overlay thicknesses accelerate it. When AC 
overlays are designed for D-cracked PCC pavements, the effect of decreasing 
strength of the deteriorating PCC should be considered. 

Durability cracking (D-cracking) in portland cement 
concrete (PCC) is the progressive deterioration of 
the concrete caused by environmental factors. It can 
occur even when the PCC has not been subjected to 
physical loading and is especially common in PCC 
pavements that are exposed to winter freeze-thaw 
cycling. Figure 1 shows a severely D-cracked PCC 
pavement. As D-cracking progresses in a PCC pave
ment, the load-carrying capacity and the ability of 
the pavement to resist deformation and cracking 
under repeated traffic loading gradually decrease. 
With time, this deterioration can lead to total 
structural failure of the pavement and loss of ser
viceability to the user. 

Studies in Illinois (1), Ohio (_~), and Iowa (_~), 

among others, have identified coarse aggregate 
sources that lead to D-cracking in what would nor
mally be considered good, durable mixes. The fine 
aggregate source has been found to have little sig
nificance in whether a mix develops D-cracking or 
not (j_). Extensive testing programs (_!_-]_) to iden
tify aggregates susceptible to D-cracking have 
helped to ensure that new pavements are not likely 
to develop D-cracking in the future. But there re
main many miles of D-cracked pavement that require 
some form of rehabilitation in order to continue to 
provide adequate serviceability to the user. 

A common rehabilitation procedure is to overlay 
existing D-cracked PCC pavement with a thin layer of 
asphalt concrete (AC). These AC overlays provide im
mediate improvement in the riding quality of 
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D-cracked PCC pavements. Little is known about the 
long-term effects of AC overlays on the continued 
durability performance of the PCC. Can AC overlays 
perform well over D-cracked PCC pavements? Will the 
PCC continue to perform adequately? Although a layer 
of AC on top of the PCC will tend to decrease the 
number of freeze-thaw cycles that occur in the PCC, 
it also tends to decrease the rate of cooling. The 
literature differs on whether a faster cooling rate 
(2,2l or a slower cooling rate <2,~l is more detri
mental to PCC. In addition, the AC over lay would 
form a barrier on top of the PCC that may prevent 
the evaporation of water. With evaporation reduced 
by an AC overlay, the PCC could be at a higher de
gree of saturation before winter freezing, which 
would lead to more severe damage <2l . A thorough 
study to determine the effects of AC overlays on the 
moisture and temperature regimes in D-cracked PCC 
pavements is needed to predict the long-term effects 
of AC overlays on the progression of D-cracking in 
PCC pavements. 

OBJECTIVES 

The general objective of this project was to evalu
ate the influence of various thicknesses of AC over
lays on the progression of D-crack ing in PCC pave
ments. The specific objectives were as follows: 

1. Determine the changes in the moisture and 
temperature regimes in D-cracked PCC pavements re
sulting from various AC overlay thicknesses, 

2. Conduct laboratory freeze-thaw durability 
tests on D-cracked PCC samples with various AC over
lay thicknesses and attempt to correlate any 
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FIGURE I Severely D-cracked rec pavement. 

strength variations that occur with changes in sam
ple moisture and temperature regimes, and 

3. Make recorrunendations for design procedures 
that take into account the effects of the AC overlay 
on the continued durability performance of the PCC. 

RESEARCH APPROACH 

The important climatic parameters responsible for 
D-cracking are moisture and temperature. The PCC 
moisture regime was evaluated by computer modeling, 
laboratory moisture content measurements, and field 
moisture determinations. The PCC temperature regime 
was evaluated by computer modeling. The combined ef
fects of changes in the temperature and moisture 
regimes on the progression of D-cracking were evalu
ated by laboratory testing that duplicated winter 
field conditions. 

A necessary material property for moisture regime 
modeling is moisture characteristics, which is the 
relation between equilibrium moisture content and 
matric suction. Matric suction is the force that 
causes capillary rise. It is equivalent to the dis
tance above the water table for equilibrium condi-· 
tions when no flow is occurring. Detailed discus
sions of moisture characteristics and matric suction 
have been given by Janssen and Dempsey (1) and 
Hillel (l.Q_). Figure 2 is a moisture-characteristics 
curve for laboratory D-cracked PCC. It should be 
noted that there is very little decrease in moisture 
content for large increases in suction. This is due 
to the very fine pore structure of PCC. 
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FIGURE 2 Moisture-characteristics 
curve for laboratory 0-cracked rec. 

Figure 3 is a plot of unsaturated hydraulic con
ductivity versus moisture content for laboratory 
D-cracked PCC. This was determined from the mois
ture-character is tics curve and measured saturated 
hydraulic conductivity, or permeability !1l· It 
should be noted that the unsaturated hydraulic con
ductivity decreases rapidly with a small decrease in 
moisture content. Details of the moisture charac
teristics and saturated hydraulic conductivity mea
surements have been given by Janssen (11). 
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FIGURE 3 Unsaturated hydraulic 
conductivity curve for laboratory 0-
cracked rec. 

Moisture movement was modeled by means of a 
finite-difference transient flow computer program 
developed by Boast (12). The pavement section mod
eled was an 8-in.-thick PCC layer with free water at 
the bottom and a relative humidity of 50 percent at 
the top. The initial moisture content in the PCC was 
5.7 percent. The results of moisture movement model
ing for a period of 3 months are shown in Figure 4. 

Field moisture contents were determined with psy-
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FIGURE 4 Moisture movement in PCC 
with 5. 7 percent initial moistme content. 

chrometers (Jd) installed in I-72 near Champaign, 
Illinois. Psychrometers, which have been used in the 
agricultural community for many years, actually mea
sure matr ic suction, which is converted to moisture 
content with a moisture-characteristics curve. The 
psychrometers were installed at depths of 2 and 
4 1/2 in. into the PCC for both overlaid and non-
overlaid D-cracked PCC. Table 1 gives psychrometer 
moisture content determinations for March through 

TABLE 1 Average Moistme 
Contents Determined with I· 72 
Psy~hrometers 

Moisture Content(%) by Psy-
chrometer Depth (in.) 

No Overlay Overlay 

Date 2 4 1/2 2 4 1/2 

3/22 6.6 6.4 7.3 7.4 
7/10 7.2 7.3 7.4 
7/11 6.9 7.2 7.1 6.8 
7/18 6.5 7.0 7.4 
7/25 6.2 7.4 6.3 6.4 
7/30 6.1 7.4 
7/31 7.0 6.7 
8/3 6.8 6.9 6.8 6.9 
8/14 6.8 6.8 7.2 6.5 
8/21 6.2 6.4 6.7 6.8 
8/22 6.5 6.5 
8/28 6.2 6.5 6.8 
9/4 6.2 6.9 6.5 6.2 
9/6 6.1 6.1 6.9 7.3 
9/11 7.0 6.8 7.1 7.0 
9/13 7.2 
9/18 6.5 6.2 
9/19 6.6 7.3 7.3 
9/20 6.5 7.3 
9/25 6.9 6.7 7.0 7.0 
9/27 7.0 
10/2 6.2 6.6 
10/4 6.3 6.5 
10/8 6.4 6.6 6.5 6.4 
10/10 6.8 6.7 6.8 7.3 
10/24 6.2 7.3 7.1 6.5 
11/2 6.1 6.0 
11/5 6.7 7.2 
11/7 6.8 
11/12 6.6 7.3 6.8 
11/13 7.1 6.8 
11/30 6.6 6.5 

Nole: Dashes indicate that no data were avail-
ahle. 
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November 1984. A moisture content of 7.6 percent was 
complete saturation. 

Moisture content measurements were made on PCC 
samples that were freeze-thaw cycled in the labora
tory. The samples were 4-in.-diameter by 8-in.-long 
cylinders, the bottoms of which were in contact with 
a moist crushed-stone base. Figure 5 gives moisture 
content distributions for samples with no overlay 
and Figure 6 for samples with 2-in. overlays. Satu
ration for these samples was at a moisture content 
of 7.8 percent. 
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FIGURE 5 Moisture content distributions, 
5-year samples, no overlay. 
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FIGURE 6 Moisture content distributions, 
5-year samples, 2-in. overlay. 

The temperature regime was modeled with a finite
difference heat transfer computer program developed 
by Dempsey (14). The modeled pavement section con
sisted of an 8-in. PCC surface on a 4-in. stabilized 
base with an AASHTO A-6 subgrade. Input consisted of 
climatic data including wind speed, cloud cover, 
daily high and low temperatures, and daily solar 
radiation. Climatic data from 1965 to 1980 were used 
to determine the average number of freeze-thaw cy
cles at the pavement surface for various locations 
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FIGURE 7 Number of freeze. 
thaw cycles in Illinois, top of 
PCC surface. 

in Illinois (Figure 7). January 1971 was determined 
to be typical for winters in the St. Louis, Mis
souri, area. This time period was used to evaluate 
the effects of various AC overlay thicknesses on the 
cooling rate, the number of freeze-thaw cycles, and 
the minimum temperature below freezing (Table 2). 

TABLE 2 Effects of AC Overlays on Freeze-Thaw Parameters, 
St . Louis, Missouri 

Parameter 

No. of freeze-thaw cycles 
Cooling rate, avg (F° /hr) 
Minimum temperature below freezing (F0

) 

Overlay (in.) 

None 2 

19 7 
l.19 0.56 
JO 17 

4 

4 
0.24 
22 

6 

2 
0.20 
25 

Freeze-thaw durability testing was performed in a 
programmable freeze-thaw durability testing unit de
veloped by Dempsey (15). The specimens consisted of 
4-in.-diameter by 8-in.-long PCC cylinders on dense 
graded crushed-stone bases (Illinois. CA-6 grada
tion). The bottoms of the bases were in contact with 
water. The specimens had either no AC overlay or 2-, 
4-, or 6-in.-thick overlays. The base-course thick
nesses were adjusted depending on the overlay thick
ness in order to give a total specimen height of 18 
in. (Figure 8). The sides of the specimens were 

AC !2" 
14" AC 

AC 6" 
PCC 8 " 

PCC 

PCC 
1 B" 

PCC 

CA-6 
BASE CA-6 

BASE CA-6 
BASE CA-6 

BASE 

FIGURE 8 Schematic of freeze-thaw durability 
specimens. 

73 

wrapped with plastic, and insulation was provided 
between them to ensure that both moisture and heat 
flow were only vertical. The PCC samples were' made 
from the same D-cracking susceptible coarse aggre
gate that was used in a D-cracked section of I-70 
near Vandalia, Illinois. 

The freeze-thaw cycle used in the laboratory was 
determined from heat transfer computer analysis of 
climatic data for St. Louis, Missouri, which in
cluded total daily sunshine, daily high and low tem
peratures, and daily average wind speed. This was 
the source of necessary climatic data closest to the 
Vandalia site being modeled. The values of pertinent 
freeze-thaw parameters for January 1971 for the St. 
Louis area, which were used to develop the labora
tory freeze-thaw cycle shown in Figure 9, are given 
in Table 3, which also gives a summary of the freeze
thaw parameters for the laboratory freeze-thaw cycle. 
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FIGURE 9 l~1 bora tory freeze-thaw cycle: top and 
bottom of 18-in . spc ·imen. 

TABLE 3 St . Louis, Missouri, and Laboratory Freeze-Thaw 
Parameters 

St. Louis Values 

Sample Laboratory Values 
Standard 

Parameter Mean Deviation Mean Minimum Maximum 

Cooling rate (F0 /hr) 1.2 0.40 l.35 l.21 I.SO 
Minimum temperature 
below frce7.ing (F0

) 22.8 4.31 21.5 18.0 25.0 
Difference between 

maximum and mini-
mum temperature 
(Fo) 17.8 6.01 16.3 14.5 18.0 

Results of split-tensile tests on the PCC samples 
that were freeze-thaw cycled to the equivalent of 
approximately 2 and 5 years of winter exposure are 
shown in Figure 10. Figure 11 shows split tensile 
strength loss versus overlay thickness for the 
5-year samples. 

DISCUSSION OF RESULTS 

The moisture movement modeling (Figure 4) indicated 
that moisture movement in PCC is extremely slow. 
After 3 months, drying of the PCC extended less than 
1 in. into the PCC. This is due to the extremely low 
unsaturated hydraulic conductivity of the PCC. Con
tinued drying decreases the unsaturated hydraulic 
conductivity even further, which tends to minimize 
moisture loss at depths greater than 1 in. This im-
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year samples. 

plies that AC overlays that prevent evaporation 
would have little effect on the PCC moisture regime, 
except near the surface where drying would be pre
vented. 

The field moisture determinations (Table 1) show 
little difference between moisture contents at 
depths of 2 in. and depths of 4 1/2 in. There is 
also little difference between moisture contents of 
overlaid and nonoverlaid sections. ·this is possibly 
because the measurement at 2 in. is too deep to de
tect surface drying. 

The laboratory moisture measurements (Figures 5 
and 6) show drying at the tops of the nonoverlaid 
samples and no drying under the overlay. Actual dry
ing at the top surface of the nonoverlaid PCC is 
probably of greater magnitude than is shown. Each 
measurement represents the average moisture content 
for 2 in. of sample and would not show any variation 
in that 2 in. 

AC overlays have a definite effect on the temper
ature regime in PCC pavements. Table 2 indicates 
that an overlay decreases both the number of freeze
thaw cycles and the cooling rate at the FCC pavement 
surface. Although a decrease in the number of 
freeze-thaw cycles is beneficial, it is possible 
that a slower freezing rate could cause increased 
damage (!!_). 

The results of the laboratory freeze-thaw dura
bility tests indicate that none of the tested over
lay thicknesses prevented D-cracking. Overlay thick
nesses in the 2- and 4-in. range caused increased 
freeze-thaw damage to the PCC. Statistical analysis 
of the 5-year samples showed that there was a sig-
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nificant strength difference between the 4-in. and 
the 6-in. overlay samples at ex equal to 5 percent. 
At o. equal to 7 percent there wa s a sign ifioant 
strength difference between the 4-in. overlay and 
the nonoverlaid samples. Figure 11 suggests that 
there is some overlay thickness greater than 6 in • 
that would prevent freeze-thaw strength loss. This 
would probably be due to the prevention of freezing 
in the PCC. 

CONCLUSIONS AND RECOMMENDATIONS 

The research conducted in this investigation has led 
to the following conclusions: 

1. The PCC pavement moisture regime is unaf
fected by AC overlays except within the top 1 to 2 
in. of the PCC. Most of the D-cracked FCC remains at 
a relatively high moisture content, and evaporative 
drying has little effect except at the surface. 

2. AC overlays cause significant changes in the 
pavement temperature regime. These changes includ e 
slowing the cooling rate, decreasing the number of 
freeze-thaw cycles, and raising the minimum pavement 
temperature. 

3. No common AC overlay thickness stops the pro
gression of D-cracking. Thicknesse s in the 2- to 
4-in. range actually accelerate the rate of freeze
thaw damage. Al though AC over lays decrease the num
ber of freeze-thaw cycles, which is beneficial, they 
also decrease the cooling rate. The combined effect 
of decreased number of freeze-thaw cycles and de
creased cooling rate was detrimental for PCC samples 
with 2- and 4-in. overlay thicknesses. 

It is recommended that when an AC overlay is an 
alternat ive for D-cracked PCC rehabilitation , the 
following should be considered: 

1. The structural design should take into ac
count the continued deterioration of the PCC, and 

2. The economic analysis should consider a 
shortened design life due to the decreasing PCC 
strength. 

Further research should be conducted in the fol
lowing areas: 

1. The effect of various slow cooling rates (be
tween 0.2 and l.5°F/ hr) on the progression of 
D-cracking; 

2. The effect of different aggregates on the 
rate of D-cracking progression caused by slow cool
ing rates; and 

3. The effect of reduced PCC strength on AC 
overlaid PCC pavement performance. 

ACKNOWLEDGMENTS 

This paper was prepared from a study conducted in 
the Engineering Exper i ment Station by the Department 
of Civil Engineering, University of Illinois at 
Urbana-Champaign, in cooperation with the Illinois 
Department of Transportation. Special thanks are 
given to the Illinois Department of Transportation 
personnel for their assistance with this investiga
tion, and to Arti Patel and James DuBose for their 
assistance with the laboratory, computer, and field 
work. 

REFERENCES 

1. A Preliminary Investigation of the D-Cracking 
Problem in Illinois. Bureau of Materials and 



Janssen and Dempsey 

Physical Research, Illinois Department of 
Transportation, Springfield, May 1979. 

2. P. Klieger, G. Monfore, D. Stark, and w. Teske. 
D-Cracking of Concrete Pavements in Ohio. Re
port Ohio-DOT-ll-84. Ohio Department of Trans
portation, Columbus, Oct. 1974. 

3. V.J. Marks and w. Dubberke. Durability of Con
crete and the Iowa Pore Index Test. Interim Re
port, Project HR-2022. Office of Materials, 
Highway Division, Iowa Department of Transpor
tation, Ames, July 1981. 

4. P. Klieger, D. Stark, and w. Teske. The Influ
ence of Environment and Materials on D-Crack
ing. Report FHWA-OH-78-06. Ohio Department of 
Transportation, Columbus, Oct. 1978. 

5. T.C. Powers. A Working Hypothesis for Further 
studies of Frost Resistance of Concrete. AC! 
Proceedings, Vol. 41, 1945, pp. 245-272. 

6. v.v. Litvan. Phase Transitions of Adsorbates: 
IV, Mechanism of Frost Action in Hardened Cement 
Paste. Journal of the American Ceramic Society, 
Vol. 55, No. 1, 1972. 

7. A.R. Collins. The Destruction of Concrete by 
Frost. Journal of the Institution of Civil En
gineers, Vol. 23, No. l, 1944, pp. 29-41. 

8. c.-H. Lin and R.D. Walker. Effects of Cooling 
Rates on the Durability of Concrete. In Trans
portation Research Record 539, TRB, ~ational 
Research Council, Washington, D.C., 1975, pp. 
8-19. 

9. D.J. Janssen and B.J. Dempsey. Soil-Water Prop
erties of Subgrade Soils. Department of Civil 
Engineering, University of Illinois, Urbana
Champaign, April 1980. 

10. D. Hillel. Soil and Water: Physical Principles 
and Processes . Academic Press, New York, 1973. 

75 

11. D.J. Janssen. The Effect of Asphalt Concrete 
Overlays on the Progression of Durability 
Cracking in Portland Cement Concrete. Ph.D. 
thesis. Department of Civil Engineering, Uni
versity of Illinois, Urbana, 1985. 

12. c.w. Boast. Soil Water Simulation Computer Pro
gram for Teaching Purposes. Journal of Agro
nomic Education, Vol. 4, 1975, pp. 98-105. 

13. R.W. Brown and D.L. Bartos. A Calibration Model 
for Screen-Caged Peltier Thermocouple Psychrom
eters. Research Paper Int-293. Intermountain 
Forest and Range Experiment Station, USDA For
est Service, Ogden, Utah, July 1982. 

14. B.J. Dempsey. A Heat-Transfer Model for Evalu
ating Frost Action and Temperature Related Ef
fects in Multilayered Pavement Systems. Ph.D. 
thesis. Department of Civil Engineering, Uni
versity of Illinois, Urbana, 1969. 

15. B.J. Dempsey. A Programmed Freeze-Thaw Durabil
ity Testing Unit for Evaluating Paving Materi
als. American Society for Testing and Materi
als, Philadelphia, Pa., 1972. 

The contents of this paper reflect the views of the 
authors, who are responsible for the facts and the 
accuracy of the data presented here. The contents do 
not necessarily reflect the official views or poli
cies of the Illinois Department of Transportation. 
This paper does not constitute a standard, specifi
cation, or regulation. 

Publication of this paper sponsored by Committee on 
Performance of Concrete. 




