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for effects of different aggregate types in the concrete mix 
on loss of load transfer and loss of skid resistance. 

Few problems were encountered in the design of the 
pavements in this project. However, there were some areas 
identified where lack of sufficient data or information 
perhaps led to the selection of conservative estimates of 
necessary inputs to the procedures. Consequently, some 
recommendations are made here for future research that 
include (a) a study of heavy-traffic lane distribution in 
multilane facilities and (b) the development of a quicker and 
less expensive method for characterizing the stress 
sensitivity of the subgrade. 

CONCLUSION 

The objectives of this paper were to demonstrate the use of 
the theoretically based overlay design procedure now being 
incorporated into Texas SDHPT practice and to illustrate its 
value by application in a complex design situation. 

Although this procedure is new and has little field 
verification, its design models are based on sound 
engineering principles so that it produces practical designs. 
Verification will take at least 5-10 years of observed field 
performance. It should be noted, too, that the procedure 
was effectively and easily applied to a complex pavement 
rehabilitation design situation that resulted in five separate 
design configurations. 

This paper, it is hoped, will provide some basis for (a) the 
acceptance of the new procedure, (b) the improvements in 
the areas discussed previously, and (c) the incorporation of 
the method into nationwide practice. 
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Prevention of Reflective Cracking in Arizona 

GEORGE B. WAY 

This report represents the culmination of more than seven years of careful plan
ning, construction, and objective data analysis. The results should be of value to 
federal, state, and local agencies concerned not only with the restoration of ex
isting roadways but also with new highway construction. The recommendations 
contained herein refer to overlays-in particular, thin overlays of 102 mm (4 in) 
or less placed over existing badly cracked, rutted, or otherwise distorted bitu
minous pavements. Overlaying can also improve skid resistance or rideability. 
However, no one treatment is a cure-all for all roadway conditions. Rather, the 
recommended crack-preventing treatments should be integrated into a total 
overlay design that is carefully tailored to the nature of the distress. Five treat· 
ments have significantly reduced reflective cracking: (al asphalt-rubber mem
brane seal coat under asphalt concrete finishing course (ACFC), (bl asbestos 
plus 3 percent asphalt, (c) heater scarification with reclamite (surface recycling), 
(d) asphalt-rubber membrane flushed into asphaltic concrete overlay, and (e) 
200/300 penetration asphalt. Application considerations are as follows: (a) one 
of the preceding treatments should be used in conjunction with a thin overlay of 
102 mm (4 in) or less of asphalt concrete (AC). (b) application of an asphalt
rubber membrane seal coat under the AC or ACFC should be used with chips to 
provide direct transfer of vertical loads, (c) heater scarification should be to a 
depth of 19 mm (0.75 in) or more, and (d) the lowest possible viscosity AC as
phalt with the slowest aging characteristics should be used. Findings from this 
project led to the use of thin overlays with special treatments. The thickness of 
these thin overlays varies from 19 mm (0.75 in) to 90 mm (3.5 in). If significant 
cracking appears on the existing highway before overlay, a special treatment is 
used. Treatments include either asphalt-rubber or heater scarification. 

The primary objective of any pavement desig.n is not only to 

provide a roadway of safe and desirable ride performance 
but to extend these characteristics over a maximum useful 
life with minimum required maintenance. However, due to 
the highly complex nature of flexible pavement structures, 
cracking, rutting, and other surface failures do occur and 
are primarily influenced by environmental, traffic, and 
original design factors. To extend the useful life of 
deteriorating roadways, generally accepted restoration 
typically involves the application of a thin asphaltic overlay 
formulation on the cracked and otherwise deformed 
pavement. 

Historically, however, the application of these thin 
overlays-generally 10 2 mm (4 in) or less--results in a new 
and complex problem, known as reflective cracking. 
Reflective cracking is the migration of a subsurface 
cracking pattern into and subsequently through the overlay 
structure. Of course, once the overlay is fractured, general 
erosion occurs that severely affects performance and 
requires further and costly maintenance. 

In an attempt to better understand the mechanism of 
reflective cracking and to pursue the development of new 
methods and materials to prevent its occurrence, a case 
study was conducted by the Arizona Department of 
Transportation (ADOT) in conjunction with a project of the 
Federal Highway Administration's National Experimental 
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and Evaluation Program (NEEP) on reducing reflective 
cracking in bituminous overlays. The NEEP project's 
objective was to improve and develop materials, methods, 
and technologies to prevent or greatly minimize the 
occurrence of reflective cracks in overlays placed on 
previously cracked bituminous pavements. 

Preliminary evaluation and program study involved 
extensive material and treatment research, the selection 
and evaluation of test-site conditions, and the determination 
of an effective means for data accumulation and reduction. 
Some 18 individual roadway test sections were required to 
accommodate the full scope of desired test parameters. 
Adjacent to each test section was a control section that 
served as a normalizing base for comparative measurement. 
This approach allowed engineers to observe and accumulate 
qualitative results from each test section, contrast these 
results, and predict individual parameter influence. From 
these results, the determination of recommendations based 
on the effectiveness of crack prevention, cost, and other 
factors was made. 

PROJECT DESIGN AND CONSTRUCTION 

The test program was conducted on a 14.4-km (9-mile) 
section of highway (Minnetonka-East), located near Winslow, 
Arizona, on I-40. Winslow is considered a high desert region; 
it has an elevation of 1524 m (5000 ft) and less than 204 mm 
(8 in) of rainfall annually. Temperature variations range 
from -18°C (0°F) during the winter to 38°C (l00°F) during 
the summer. Minnetonka-East had a moderate-to-heavy 
average daily traffic (ADT) load of 10 000, a reasonably 
severe climate, and a history of severe cracking problems. 
This section of highway had become eligible for overlay 
during 1967 and was selected for use in the N EEP test 
program in 1970--the year the program was initiated. 

Preparatory to the test design, extensive preevaluation 
was performed to determine the nature and degree of 
distress. This evaluation involved many investigations, 
including core sampling, structural support testing, visual 
surveys, rut depth measurements, Benkelman beam tests, 
and traffic surveys. 

Minnetonka-East was originally constructed as two 
projects: (a) I-008-4(3), originally constructed in September· 
l !J58, and (b) I-40-4(15), originally constructed in August 
1962. The useful life to point-of-overlay eligibility (1967) 
for each highway segrnent was approximately nine years for 
I-008-4(3) and five years for I-40-4(15), with considerable 
intervening maintenance performed. The original materials 
used and their applied thicknesses are briefly described 
here. For I-008-4(3) (Station 208-504), completed in 1958, 
these materials and thicknesses were used: asphalt concrete 
(AC), which was plant mixed with 200/300 penetration 
asphalt, 89 mm (3.5 in); a bituminous-treated base of blow 
sand mixed with RC-2 and RC-3, 77 mm (3 in); and blow 
sand (select material) to a depth of 152-381 mm (6-15 in). 
For 1-40-4(15) (Station 504-705), completed in 1962, these 
materials and thicknesses were used: AC (3/4-in fine mix), 
which was plant mixed with penetration asphalt, IOI mm (4 
in); an aggregate base of Terrance sand and gravel deposit 
(the latter generally of a chert nature), 152 mm (6 in); blow 
sand (select material) to a depth of 152-304 mm (6-12 in); 
and a subgrade seal of blow sand, 228 mm (9 in). 

Field investigations were conducted in 1969 and included 
Benkelman beam deflection tests, rut depth, and general 
condition. Data from these tests are noted in the following 
table (I mm = O.O 39 in~ 

Item 
Rutting, mm 
Benkelman beam, mm 

Maximum 
38 

1.88 

Minimum 
0 
0.05 

Average 
14 
0.8 9 

The condition survey found extensive cracking, including 
block (flexural) and shrinkage (thermal) cracks. Spalling and 
rutting were also noted. 

Designers felt that a 127-mm (5-in) overlay was needed 
to properly contain the degree of distress, although federal 
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participation was limited to an overlay thickness of 32 mm 
(1.25 in) for AC and 13 mm (0.5 in) for asphalt concrete 
finishing course (ACFC). Designers concluded that the 
placement of such a thin overlay would produce significant 
reflective cracking early in the life of the 
overlay-primarily due to reduced structural support. This 
early cracking would then warrant extensive maintenance 
with loss of ride and appearance. This situation, in effect, 
would return the roadway to an unsatisfactory condition in a 
relatively short period of time. However, since this was the 
case, Minnetonka-East was an ideal choice for a 
thin-overlay test program because valid conclusions would 
be available within a short period of time. It was on this 
basis that the test program was to proceed, with, in many 
cases, rather significant and impressive results. 

After considerable consultation with materials suppliers, 
other states, designers, and the Federal Highway 
Administration, 18 test sections were developed. The 18 
test sections were unique in design, treatment, and 
materials used. The following list gives a brief description 
title for each treatment by test section number: 

Test 
Section 
Number 
1 
2 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18A,B,C 

IBA 
18B 
18C 
Control 

sections 

Construction 

Description 
Asphalt-rubber plus precoated chips 
Heater scarification plus petroset 
Asphalt-rubber membrane interlayer (placed 

over AC and under ACFC) 
Asphalt-rubber membrane interlayer (placed 

over AC and under ACFC) 
Asbestos-fortified AC mix 
AC, 51 mm (2 in); no ACFC 
Los Angeles Basin 120/150 penetration asphalt 
Los Angeles Basin 40/50 penetration asphalt 
Four Corners 120/150 penetration asphalt 
Los Angeles Basin 200/300 penetration asphalt 
Emulsion-treated base in place of AC 
Petromat placed under overlay 
Fiberglass placed under overlay 
Petroset flush of overlay before ACFC placea 
Petroset placed in cracks 
Reclamite placed in cracks 
Reclamite flush of old AC 
Heater scarification of old AC plus reclamite 

flush, with varying AC overlay thickness 
32-mm (1.25-in) AC overlay 
76-mm (3-in) AC overlay 
38-mm (1.50-in) AC overlay 

Conventional (standard) overlay 

As is true with many construction projects, highway sections 
are not necessarily constructed in a sequential, orderly 
fashion. Instead, the contractor adjusts and tailors the 
operation to the nature of the work. Since the 
Minnetonka-East project involved a large number of test 
sections calling for different treatments, a logical 
construction sequence was not possible. A detailed account 
of the construction process appears in Way (1). 

Many of the construction problems, -however, were 
peculiar to the nature of a particular treatment and the 
contractor's inexperience in working with certain materials. 
For example, specific problems of this type included the 
balling up of fiberglass matting, difficulty in blade-laying 
the emulsion-treated base, the inability of a subcontractor 
to make a 10 percent latex emulsion, and construction 
delays in the distribution of asphalt-rubber that caused 
application of 4.5 L/m 2 (1 gal/yd') instead of the 
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intended 2.5 L/m' (0.55 gal/yd') on test section 1. 
As it was, prior to and during the construction sequence, 

project engineers spent considerable time consulting with 
suppliers and other sources to determine what problems 
might be encountered. Although certain problems did occur, 
they were kept to a minimum. Whether each treatment 
received equitable consideration during construction can be 
debated, however. All suppliers and consultants were asked 
to comment and offer a critique during each construction 
phase; generally, no unfavorable comments were reported 
with respect to the individual treatments. 

Problems 

A few general construction problems did occur that were 
not peculiar to any particular treatment. These problems 
were primarily related to compaction and rutting. 

The AC mix used on the eastbound highway, typically, 
was difficult to compact to the 92 percent minimum 
compaction specification. Compaction test results for the 
eastbound highway were 87 .2 percent in September 1971 
(based on an average or 50 or more tests) and 89.2 percent 
in Ma rch 197 5 (computed from I 0 cores}, those for the 
westbound highway were 91.5 percent in September 1971 (50 
or more tests). 

Great effort was made to overcome this problem. More 
compactive force, vibratory rollers, additional asphalt, and 
a more viscous asphalt were all tried, but none of these 
techniques overcame the fundamental problem. That is, the 
mix, due to the harsh angular texture of the aggregate 
(cinders) plus the thickness of the AC mat, made 
compaction to 92 percent virtually impossible. A change in 
mix design to blend sand (blow sand)-in place of cinder 
sand-and vibratory rolling did increase compaction for the 
westbound highway. 

Significant rutting on both highways made placement of 
32-mm (1. 25-in) AC very difficult. As a result, during April 
1972, considerable additional AC was used as patching 
material in spalls and ruts of the eastbound highway. In 
some places, the actual depth of pavement placed was 
closer to 76 mm (3 in) in the wheel paths. 

Nevertheless, when one considers the nature and 
magnitude of the task, the construction of the 
Minnetonka-East project went quite smoothly. 

PROJECT MONITORING 

Al though various test sections were opened to traffic on an 
as-completed basis, final construction was completed in 
J une 1972 and exposed to unrestricted traffic. It should be 
noted that, since completion of overlaying in 1972 through 
19781 the highway has been subjected to loads equivalent to 
more than 1 million 80-k N (1 8-kip) cumulative single-a.xle 
equivalents. 

Climatic variations were rather severe during the test 
period with above-average rainfall in 1972. Also, the test 
region had a freezing index of 260 during the 197 4-197 5 
winter. 

Table 1. Test-section ranking of treatments that significantly reduced reflective 
cracking, Arizona, 1975 and 1978. 

Percentage of 
Reflective 

Test 0..cking 
Section 
Nwnber Treatment 1975 1978 

3,4 Asphalt-rubber under ACFC 4 2.l 
5 Asbestos pill'> 3 percent asphalt 13 5.9 
18A Heater scarification plus reclarnite 6 7.4 
l A-lphalt-rubber seal coat flushed into AC 19 12.8 

overlay 
10 200/300 penetrntion asphalt control 17 27 

sections without patclting 
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Because the Minnetonka project was designed to 
determine which materials and treatments would 
si·gnificantly reduce reflective cracking, it was necessary to 
accura tely determine the extent and type of cracking both 
before and after overlay. This was accomplished by a 
special photographic technique and an optical grid system. 
The number of cracks within each grid element was 
programmed into a computer for analysis and subsequent 
time-base comparison. This technique proved very 
effective. All photo locations were photographed each year 
through 1978. 

The percentage ranking figures (Table 1) represent a true 
perspective of the percentage of cracking after overlay. 
This was accomplished by dividing the percentage of area 
cracked a fter overlay by the percentage of area cracked 
before overlay for those sections with no patching (2,3). 
This test-section ranking represents one of the most 
important parts of this study. It clearly sets forth those 
five treatments that, when used in conjunction with an 
ACFC or other suitable open-textured surface, were capable 
of significantly reducing reflective cracking. These 
percentages are particularly significant in consideration of 
the very thin overlay used. 

Five treatments were found to have significantly 
reduced reflective cracking: 

1. A 2.3-L/m• (0.5~al/yd2 ) asphalt-rubber 
membrane placed on top of a 32-mm (1.25-in) AC overlay, 
chips applied and then covered with a 13-mm (0.5-in) ACFC; 

2. A 3 percent asbestos and 3 percent additiona l 
asphalt added to the 32-mm (1.25-in) AC overlay and 
covered with a 13-mm (0.5-in) ACFC; 

3. Existing AC heater scarified to a depth of 19 mm 
(0.7 5 in) a nd a 0.5-L/ m• (O.l-gal/yd2 ) emulsified 
petroleum resin applied, and then the surface (a fter rolling) 
ove rlayed wit h 32-mm (1 .. 25-in) AC and 13-mm (0.5-in) 
ACFC; 

4. A 32-mm (1.25-in) AC overlay flushed with 
4.5-L/m• (l~al/yd') asphalt-rubber and coated with 
chips; and 

5. A 200/300 penetration asphalt from the Los Angeles 
Basin added to the 32-mm (1.25-in) AC overlay and covered 
with a 13-mm (0.5-in) ACFC. 

Also, it was found that basic asphalt properties 
influenced the reduction of reflective cracking. It was 
found that the viscosity of 4.0 MPa•s at 25°C (77°F) 
[equivalent penetration about 45, absolute unaged viscosity 
of 300 Pa•s at 60°C (140°F)] was critical to crack 
initiation. That is, the longer an asphalt can maintain a 
viscosity below 4.0 MPa•s, the less likely that reflective 
cracks will occur. Actual physical crack formation and 
intensity are triggered by cold temperatures. Thus, once 
the asphalt reaches the 4.0-MPa•s level, it becomes highly 
susceptible to cracking. Therefore, it is an important 
consideration that all system designs use the 
lowest-viscosity asphalt commensurate with stability 
requirements and to use it in such a way as to retard aging 
as much as possible. 

CONCLUSION 

It has been demonstrated that thin overlays plus special 
treatments can control cracking and can provide 
more-than-satisfactory ride and rutting performance. Such 
thin overlays plus treatment are economic by any measure. 
The mechanism by which these treatments perform can be 
summarized as follows: 

1. Stress-absorbing membrane interlayer (SAMI)-Use 
of asphalt-rubber between the new AC and ACFC acts as a 
crack- tip reta.rder because it has such a low modulus of 
elasticity-estimated a t about 34 474 Pa (5000 psi). The 
placement of this layer at or near the top of the overlay 
delays reflective cracks; however, an uncomfortable amount 
of shoving can occur, thus leading to a rough ride. Such a 
condition became apparent after the 1975 asphalt-rubber 
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seal coat was placed over the ACFC. This seal coat was not 
necessary; however, its placement helped verify the point at 
which flexibility can give way to instability. To be 
consistent with fracture mechanics theory (4), it is 
suggested the asphalt-rubber layer be placed on top of the 
old AC with the new AC on top of it. In this way, the 
overlay structure would comply with conclusion 1 of the 
Texas report <.~): 

The best overlay design to reduce the appearance of 
cracking is, as shown in Figure 20, namely, (a) a thin 
layer with soft asphalt (low n) and low modulus of 
elasticity to serve as a stress-relieving medium overlaid 
by (b) a layer with soft asphalt (low n) and a high 
modulus of elasticity. Although this arrangement will 
hasten the propagation of unseen cracks through the 
surface of old pavement, it will slow them down 
considerably when they reach the surface and contact 
the underside of the stress-relieving layer. 

2. Mechanical rearrangement of the old AC crack 
pattern, heater scarification--This process, which is akin to 
in-place recycling, remolds 19 mm to 25 mm (0.75 to 1 in) of 
old AC into a material similar to a new AC. In so doing, it 
shortens the existing crack length by 19-25 mm (0.75-1 in). 
This shortening of crack length can and does substantially 
reduce reflective cracking as demonstrated in the Texas 
report (4), which examines reflective cracking by using 
fracture -mechanics. 

3. Low-viscosity asphalt in the AC or over asphalted 
AC, 200/300 penetration, and asbestos sections-Both the 
200/300 penetration and asbestos sections substantially alter 
the elastic modulus of the AC, thus altering certain fatigue 
parameters that reduce the crack-tip stress-intensity value. 
In some ways, this approach is akin to the asphalt-rubber 
interlayer, except that the layer now becomes the entire AC 
overlay. 

The Minnetonka-East program, in conjunction with the 
N EEP project, was initiated in an attempt to better 
understand the mechanism, treatments, and methods 
necessary for the reduction or prevention of reflective 
cracking in overlays placed on severely cracked bituminous 
pavement. 

This report represents the culmination of more than 
seven years of careful planning, construction, and objective 
data analysis. The results should be of value to federal, 
state, and local agencies concerned not only with the 
restoration of existing roadways but also with new highway 
construction. 

Recommendations 

Five treatments were found to have significantly reduced 
reflective cracking: 

1. Asphalt-rubber membrane seal coat under ACFC, 
2. Asbestos plus 3 percent asphalt, 
3. Heater scarification with reclamite (surface 

recycling), 
4. Asphalt-rubber membrane flushed into asphaltic 

concrete overlay, and 
5. A 200/300 penetration asphalt. 

Application considerations are as follows: 

1. One of the above treatments should be used in 
conjunction with a thin overlay of less than 102 mm (4 in) of 
AC. 

2. Application of an asphalt-rubber membrane seal 
coat under the AC or ACFC should be used with chips to 
provide direct transfer of vertical loads. 
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3. Heater scarification should be to a depth of 19 mm 
(0. 7 5 in) or more. 

4. The lowest-viscosity AC asphalt with the slowest 
aging characteristics should be used. 

5. Existing roadways that are being considered for 
overlay should be carefully investigated for possible 
stripping tendencies. Should stripping appear likely, efforts 
should be made to either give less structural value to the 
existing AC or reconstruct the existing surface. 

6. Open-texture surfaces should be placed on top of 
dense-graded overlays. This not only provides good skid 
resistance but improves the roadway's appearance by hiding 
narrow reflective cracks. 

Implementation 

During the course of this project, it became obvious that 
certain treatments were performing better than others. By 
1975, both the heater-scarification and asphalt- rubber 
methods looked very promising. Both methods promised a 
practical means to control reflective cracking. Thus, the 
use of these treatments in overlays was accelerated. The 
number of projects and kilometers of overlays built since 
1975 are as follows (1.6 km= l mile): 

Number Number 
of of 

~ Projects Kilometers 
Overlays > 90 

mm (3.5 in); 
no treatment 80 864 

Overlays with heater 
scarification 43 576 

Overlays with 
asphalt-rubber 33 400 

Generally, treatment with either heater scarification 
(currently referred to as surface recycling) or 
asphalt-rubber (also called SAMI) is used when the existing 
pavement has 10 percent or more cracking. Typical costs 
per square yard are AC, 1 in, $1.05; ACFC, 0.5 in, $0.75; 
heater scarification plus emulsified petroleum resin, $0.80; 
and asphalt-rubber plus chips, $1.30. 

Projects are monitored for roughness and percentage of 
cracking annua lly. Now, both treatments are working as 
expected. Hea ter scariJication has generally been used in 
the desert regions, whereas asphalt-rubber has been used in 
the high-elevation areas. ADOT is including both types of 
treatment in its pavement management system as beneficial 
overlay alternatives. 
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