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presented herein. The contents do not necessarily reflect 
the official views or policies of the Texas SDHPT or FH WA. 
This report does not constitute a standard, specification, or 
regulation. 
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Implementation of New Overlay Design Procedure in Texas 
STEPHEN SEEDS, B. FRANK McCULLOUGH, W. R. HUDSON, ANO MANUEL GUTIERREZ DE VELASCO 

A project is under way in Texas to adapt a version of the rigid pavement over
lay design procedure developed for the Federal Highway Administration by 
Austin Research Engineers, Inc., into standard Texas State Department of 
Highways and Public Transportation (SDHPT) practice. This project is part 
of a cooperative research program between Texas SDHPT and the Center for 
Highway Research at the University of Texas. This paper provides some feed
back on the use of this procedure and documents its successful application 
to an interstate rehabilitation and widening project in San Antonio. This 
project was unique in the sense that thickness and reinforcement designs were 
required for five different composite pavement structures that, by their nature, 
are not suitable for design by past empirical methods. In documenting the de
signs, the selection of design criteria, characterization of material properties, 
and thickness design recommendations for each section within the project are 
discussed. The paper provides a general description of the design procedure, 
discussion of the results of the design, conclusions about the applicability of 
the design model, and recommendations for further work. The validity and 
practicality of the new procedure, as well as its applicability for nationwide 
use, are noted. 

Many of the rigid pavements that make up much of the 
Interstate highway system were constructed in the 1950s 
and early 1960s. Most were designed to last 20 years and, 
consequently, are approaching the end of their design life. 

Many now require extensive rehabilitation. The Federal 
Highway Administration (FHW A), recognizing the need for a 
practical design procedure for overlays of these pavements, 
sponsored a project for the development of such a design 
procedure (1 ). This project was completed in 1977. 

The Texas State Department of Highways and Public 
Transportation (SDHPT), long interested in such a design 
tool, considered the new FHWA procedure workable and 
funded research at the Center for Highway Research 
(CFHR) at the University of Texas to examine the new 
procedure and adapt it for Texas conditions (~). The project 
provides for implementation of the new procedure into 
Texas SDHPT practice through field application on several 
pavement overlay projects. It also provides for 
incorporating other useful improvements to the design 
models and procedure that may aid in their implementation. 
This has led to further refinement of the rigid pavement 
overlay design model. 

OBJECTIVES 

The objectives of this paper are twofold: (a) to discuss the 
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application of the new Texas SDHPT overlay design 
procedure to an Interstate highway overlay project in San 
Antonio and (b) to show the value of the new theoretical 
procedure on overlay projects, especially where there is 
inadequate experience with design factors such as 
characterization of the existing pavement and the increased 
quantities of expected future traffic. 

SCOPE 

The scope of this paper includes the discussion of design 
criteria, materials characterization, and pavement thickness 
design recommendations for a single major Interstate 
rehabilitation project in San Antonio. A discussion of 
significant aspects of the project and of the design 
procedure is also included. Though the design models are an 
integral part of determining the pavement thicknesses 
required, detailed discussion of them is beyond the scope of 
this paper (1,2). Also, there are numerous economic 
analyses relative to the project, such as shoulder type and 
pavement life, which cannot be considered within the scope 
of this paper. 

PROJECT DESCRIPTION 

Coincidental with the growth of San Antonio in recent years 
has been the growth of traffic, particularly in the northern 
part of the city. Due to continued anticipated growth, the 
Texas SDHPT has undertaken a project to increase the 
traffic and load-carrying capacities of two major Interstate 
highways in the area: (a) I-35, which runs north-south 
through the city, and (b) I-410, which circles the city. A 
layout of the T-shaped intersection of the two is presented 
in Figure 1. The overlay and widening project around this 
interchange is of particular significance and was selected 
for trial application of the new design method. 

The project covers existing four-lane facilities, both on 
I-410 and on I-35 north of the interchange, and a six-lane 
facility on I-35 south of the interchange. All three legs of 
the interchange will be widened to eight lanes to carry the 
estimated future traffic. Such a project presents a complex 
design problem because a wide range of conditions are 
encountered. These include the design of overlays in some 
areas, the design of new pavement lanes in the areas where 
widening will occur, and the design of reconstructed 
pavements where grade revisions are to be made. 

The section of I-35 north of the interchange to Weidner 
Road is a jointed concrete pavement (JCP) structure and is 
to be overlaid and widened with continuously reinforced 
concrete pavement (CRCP). The section of I-35 south of 
the interchange to Walzem Road is a CRCP structure and is 
to be overlaid and wid-e.ngd with asphaltic-concrete 
pavement (ACP) with a continuously reinforced concrete 
(CRC) base slab providing support in the widened areas. The 
I-410 leg of the facility from I-35 to Perrin-Beitel is also a 
JCP structure, which, due to required grade revisions, will 

Figure 1. Layout of the existing facility showing the three legs onhe project. 
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be reconstructed with CRCP. Further information 
regarding the thickness designs is discussed in the next 
section. 

It is important to note that the basis for thickness design 
is the new Texas SDHPT Rigid Pavement Overlay Design 
Procedure as discussed in Schnitter, Hudson, and 
MeCullough (2) along with minor improvements documented 
in Seeds (1) and Taute (i). 

THICKNESS DESIGN 

Design Procedure 

The design procedure used here {1-_!) has eight basic steps. 

l. Select the design criteria, which include 80-kN 
(18-kip) equivalent single-axle load (ESAL) traffic estimates 
(past and projected), traffic distribution factors, overlay and 
shoulder types to be considered, available aggregates, bond 
breaker criteria, construction methods, geometric 
constraints, or any other criteria that constrain the overlay 
design. 

2. Conduct a condition survey of pavements in the 
areas u?der consideration and classify the type of cracking, 
other distress modes observed, and soil type in the area. 

3. Gather Dynaflect deflection data at approximately 
3 0.5-m (100-ft) intervals along the length of the project. 

4. Select design sections by analyzing the Dynaflect 
deflection profiles. 

5. Characterize the material properties of the 
pavement and subgrade, i.e., concrete flexural strength and 
elastic properties for each layer. This is usually done by a 
combination of laboratory testing [i.e., indirect tensile tests 
on portland cement concrete (PCC) and other bound layers 
and resilient modulus tests on subgrade and base materials] 
and Dynaflect deflection basin fitting (e.g., for a design 
Dynaflect deflection basin in each section, select elastic 
material properties of each layer that correspond to the 
best-fitted basin predicted by elastic-layer theory). Results 
of the laboratory tests should be used to hone in on the 
solution. Adjustments to these layer moduli should then be 
made for stress sensitivity (since the design axle load is 
much heavier than the Dynaflect load) and predicted 
temperature conditions. 

6. Estimate the fraction of remaining life in the 
existing pavement for each design section. This is obtained 
from estimates of the life of the existing pavement, past 
traffic estimates (step 1), existing pavement condition (step 
2), and subgrade strength (step 5). 

7. Use the rigid pavement overlay design (RPOD) 
computer model to generate overlay thickness design curves 
for each design section. Note that, due to the range in 
acceptable design criteria, several design curves may be 
generated for a particular design section. 

8. Select the overlay thickness required for each 
design section for the estimated future traffic from the 
design curves generated in step 7. If alternative designs 
exist, the optimum should be selected based on projected 
cost and performance comparisons. 

These are the essential steps used in determining the 
design thicknesses for the overlaid sections of the project. 
They are not quite the same for the pavements in the 
widened areas because there is essentially no existing 
pavement in these areas. Normally, the design here would 
be the same as for a new pavement; but, in cases where 
there are two load-carrying layers (in this case, a CRCP 
foundation layer with an overlay), there are several 
combinations of thicknesses of these two layers that will 
provide the desired life. 

Consequently, another level of RPOD computer program 
solutions is required in which the thickness of the PCC 
foundation slab is varied. (Note that this PCC foundation 
slab would be modeled as an existing pavement with 100 
percent remaining life.) Interpolation in the resulting 
family of design curves is then used to select the overlay 
and foundation slab-thickness combination best suited for 
any construction or cost criteria. 
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Design Criteria 

As a result of several meetings of the CFHR project staff 
and Texas SDHPT personnel involved with the project, the 
following criteria and guidelines were established for use in 
the pavement designs. 

1. The one-way 20-year projections of 80-k N (18-kip) 
single-axle loads developed by the Planning Survey Division 
for the three legs of the interchange are presented in Table 
i. These equivalencies are based on a 20.3-cm (8-in) rigid 
pavement. 

2. The handling of large volumes of traffic during 
construction emphasizes the need for an orderly 
construction sequence. Hence, a possible strategy of 
overlaying two existing pavement lanes and widening with 
full-depth pavement to obtain the other two lanes was 
eliminated in favor of widening with a concrete base for 
handling traffic, then overlaying the entire width with a 
constant thickness. 

3. The availability of limestone coarse aggregates for 
use in PCC led to considering its properties in the design 
analysis. Performance studies of pavements in Texas have 
shown that better performance is generally obtained with 
limestone aggregates than with siliceous aggregates due to a 
smaller rate in loss of load transfer during the life of the 
facility. Because the probability was high that this type of 
aggregate was to be used on the project, it was felt that the 
design should reflect its use. 

4. In accordance with the Highway Design Division 
Manual, a factor of 70 percent was used for converting the 
total one-<lirectional traffic to that in the design lane. This 
factor corresponds to the outside lane of eight-lane divided 
facilities. A lower factor of 20 percent was used for the 
inside lane. 

5. The unlimited supply of limestone fines at an 
economical price resulted in its exclusive use in PCC 
pavements near San Antonio. Unfortunately, loss of skid 
resistance is a problem with this type of aggregate and, 
consequently, future rota-milling operations for improving 
skid resistance must be considered in the design. For all 
PCC pavements subjected directly to traffic, additional 
thickness is provided to account for rota-milling operations 
during the life of the facility. 

6. The geometric layout of the existing facility is such 
that the width of the median varies from one location to the 
next due to existing bridge structures. Consequently, after 
widening, the existing lanes will be under the inside overlay 
lanes in some cases and under the outside lanes in others. 
Therefore, the overlay design must be made on the basis 
that the existing pavement will be located under the outside 
overlay lanes. 

THICKNESS DESIGN ANALYSES 

The thickness designs for the pavements in this project were 
divided into five analyses as follows: 

1. Design of the CRC overlay on the existing JCP for 
I-35 north of the interchange-This section deals with the 
design of a CRC overlay over the existing jointed pavement 
from just south to north of the interchange. 

2. Design of the CRC base for the widened areas of 
I-35 north of the interchange-This section deals with the 
design of the CRC base (CRC foundation slab) in the 

Table 1. Future traffic estimates for the project. 

Location 
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widened areas of I-35 adjacent to the existing JCP. 
3. Design of the asphaltic-concrete (AC) overlay on 

the existing CRCP for I-35 south of the interchange-This 
section deals with the design of the AC overlay on the 
existing CRCP structure south of the interchange. 

4. Design of the CRCP for the widened areas of I-35 
south of the interchange-This section deals with the design 
of the CRCP that will underlay the AC overlay in the 
widened areas of I-35 adjacent to the existing CRCP. 

5. Design of the reconstructed CRCP on the I-410 leg 
of the interchange-This section deals with the design of a 
new CRCP to be constructed on and along the I-410 leg of 
the interchange. 

A pavement cross section illustrating the thickness 
designs required for analyses 1 and 2 is shown in Figure 2. A 
similar cross section is illustrated by Figure 3 for analyses 3 
and 4. Figure 4 shows the thickness design required for the 
new pavement in analysis 5. 

The thickness designs for these analyses are presented in 
the order noted above. Due to the limitations on the length 
of this paper, however, detailed discussion of design 
analyses 3 and 4 on the project's south leg has been omitted. 

Analysis 1 

The existing structure shown in Figure 2 is to be widened 
and overlaid within the limits covering the area from north 
of and just to the south of the interchange, i.e., from station 
1300+00 to 1380+00. It consists of a 7.6-cm (3-in) AC 
overlay, 25.4 cm (10 in) of plain JCP, and 35.6 cm (14 in) of 
crushed stone base on top of a silty-clay subgrade. 

The profile of Dynaflect deflections (Figure 5) made 
along the project revealed two distinctly different design 
sections: (a) fair, those sections with a maximum deflection 
of less than 10.2 µm (0.4 mini-inches), i.e., from stations 
1300+00 to 1330+00 and from 1342+00 to 137+00, and (b) 
poor, those sections with a maximum deflection of greater 
than 12.7 µm (0.5 milli-inches), i.e., from stations 1330+00 
to 1342+00 and from 1370+00 to 1420+00. The effect of the 
different deflections is reflected in the characterization of 
the material properties for the two sections. 

There was insufficient time to perform the required 
laboratory testing of the pavement materials. Therefore, it 
was necessary to characterize the properties by matching 
deflection basins measured in the field by the Dynaflect 
with those predicted by elastic-layer theory, i.e., the 
ELSYM5 computer program (5). These field and fitted 
Dyne.fleet basins are shown in Figure 6. The resultant 
elastic structures for the fair and poor sections are shown in 
Figure 7. The poor section (high deflection) has a lower 
subgrade modulus, as expected, and also a lower concrete 
modulus. The latter reflects increased concrete fatigue due 
to higher deflections during its life. 

Because the Dynaflect was used to characterize the 
subgrade's elastic modulus, the soil's stress sensitivity must 
be considered and its modulus adjusted for conditions under 
the design 80-kN (18-kip) axle load. Accordingly, a 
conservative estimate of the slope of subgrade modulus 
versus subgrade deviator stress was selected (Ssa = -1.0) 
in the absence of laboratory data. Figure 8 shows the effect 
of the variation of the slope of the resilient modulus versus 
the deviator stress curve for the fair and poor sections. 
Figure 8 also shows the design subgrade modulus for each 
section for the selected slope of -1.0, i.e., 21 and 42 MPa 

ADT 

1980 2000 
Growth 
Rate(%) 

Predicted 80-kN 
ESAL Applications 
from 1980 to 2000 
(000 OOOs) 

1-35, from 1-410 north to Weidner Road 
1-35, from 1-410 south to Walzem Road 
1-410, from 1-35 west to Perrin-Beitel Road 

66 990 
61 400 
65 700 

89 200 
85 100 

111 300 

1.7 
2.0 
3.7 

20.4 
16.0 
19.7 
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(3000 and 6000 psi) for the poor and fair sections, 
respectively. 

With the elastic properties of the pavement structure, it 
is possible to use elastic-layer theory to estimate the 
critical stresses after placement of the overlay and to use 

Figure 2. Cross section of pavement structure on 1-35 north of interchange 
after overlay construction. 
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Figure 3. Cross section of pavement structure on 1-35 south of interchange 
after overlay construction. 
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Figure 4. Cross section of CRCP structure on 1-410 leg of the project after 
reconstruction. 
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Figure 5. Dynaflect deflection profile (sensor 1 I on JCP section of 1-35 north 
of the interchange. 
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the improved rigid pavement overlay design procedure to 
determine the overlay thickness required for the design 
traffic values. 

Inputs required by the procedure, in addition to the 
pavement structure thicknesses and elastic properties, 
include the remaining life of the existing pavement, the 
flexural strength of the existing concrete and the overlay, 
and the ratio of the field stress to the predicted 
elastic-layer stress. 

Rough traffic estimates and engineering judgment were 
used to estimate a remaining life of 20 percent for the 
existing jointed pavement. Its minimum seven-day flexural 
strength required by the concrete specifications was 3965 
kPa (575 psi). 

An overlay flexural strength of 4482 kPa (650 psi) at 14 
days was recommended and used for design due to the need 
for opening the facility to traffic as soon as possible. 

Figure 6. Field and fitted Oynaflect deflection basins for the fair and poor 
sections of the JCP structure on 1-35 north of the interchange. 
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Figure 7. Elastic properties that characterize the pavement materials in the 
poor and fair sections of 1-35 north of the interchange. 
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Figure 8. Subgrade resilient modulus curves for the poor and fair sections of 
JCP on 1-35 north of the interchange. 
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Because concrete shoulders will be incorporated into the 
structure, edge-loading conditions are not expected; 
consequently, a critical stress to elastic-layer stress ratio of 
1.05 was selected for design. Though this represents an 
interior condition, the 5 percent increase was selected to 
reflect the loss of load transfer with time. Had a siliceous 
river gravel been used, a higher factor may have been 
required. 

The placement of an AC level-up course was also 
considered in the development of the thickness design 
curves. These curves are shown in Figure 9. Because there 
was very little difference in the estimated stresses in the 
fair and poor sections, their design curves are almost 
identical. A common thickness design is recommended for 
both sections. The thickness differential may have been 
significantly different if better estimates of existing 
pavement remaining life were available. 

Some 20 million 80-kN (18-kip) ESAL applications in one 
direction are expected on this structure. By using a lane 
distribution factor of 0.70, as recommended by the Texas 
SDHPT D-8 Manual, for the outside lane of an eight-lane 
roadway, 14 million 80-kN ESALs may be expected in the 
design lane. The thickness design curve in Figure 9 shows 
this amount of traffic requires 16 cm (6.3 in) of CRC 
overlay. Since two to three rota-milling operations for 
improving skid resistance are expected during the life of the 
pa vement, the recommended design thickness D(l) of the 
CRC overlay is 17 .8 cm (7 in). 

Analys is 2 

This discussion is concerned with the thickness design of the 
CRC base adjacent to the existing 25.4-cm (10-in) jointed 
pavement. The overlay thickness has been fixed by the 
previous design step; thus the CRC base will provide the 
support necessary to the 17 .8-<?m (7-in) CRC overlay in the 
widened areas to carry the estimated future traffic. A 
cross section of the proposed pavement structure that also 
gives the pertinent material properties is shown in Figure 
10. The lower concrete modulus of elasticity was selected 
because limestone coarse aggregates are anticipated in lieu 
of siliceous river gravels used in the existing JCP. Because 
at least two rota-milling operations are expected during the 

Figure 9. CRC overlay thickness-design curves for the fair and poor sections of 
existing JCP on 1-35 north of the interchange. 

Note : 1 'cm• 0.39 in. 
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Figure 10. Pavement structure of CRC overlay and CRC base in widened areas 
adjacent to existing JCP along 1-35 north of the interchange. 
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life of the CRC overlay, an average thickness of 17.l cm 
(6.75 in) for the surface pavement was used for design of the 
CRC base. Also, because the pavement structure in these 
widened areas is different from that of the adjacent jointed 
structure, the overburden stresses are different; thus, the 
effects of stress sensitivity of the subgrade were considered 
in determining its support, i.e., resilient modulus. 

Other design factors apparent in Figure 10 include the 
level-up course, the flexural strength of the CRC base, and 
the absence of a subbase layer beneath the CRC base. 

Because the minimum thickness of AC to be used in 
bringing the surface of the structure to the desired cross 
slope was 2.5 cm (1 in), this measure was used for design. 
Also, because the CRC base is well beneath the surface of 
the structure, its strength requirements are less than those 
of the overlay. Consequently, a 14-day flexural strength of 
3 792 k N (550 psi) is recommended and used for design. 
Recall that the 14-day overlay flexural strength 
recommended was 4482 kN (650 psi). 

It was originally expected that a subbase layer would not 
be placed beneath the CRC base; consequently, none was 
used in the design. Although an AC water seal is now 
expected to be constructed below the base, its presence 
would not change the CRC base thickness design 
significantly. 

The graph in Figure 11 provides the curves for selecting 
the CRC base thickness for the poor and fair sections. The 
CRC base thickness D(z) in the outside lane- by using the 
expected 14 million 80-k N (18- kip) ESAL applications 
determined earlier--should be 17 .5 cm (6.9 in) for the poor 
sections and 16 cm (6.3 in) for the fair sections. 

It is important to note that these curves also give the 
CRC base thickness required where widening will occur on 
the inside lanes. For example, if the lane distribution factor 
for the inside lane was 0. 2, this would correspond to a design 
traffic of 4 million 80-kN ESAL applications and a CRC 
base thickness of less than 10.2 cm (4 in). Because the 
minimum practical construction thickness for CRCP must 
be considered, a CRC base thickness recommendation was 
not made for the inside lanes. 

Analysis 3 

The design analysis for this section is almost identical to 
that for the CRC overlay discussed in design analysis 1. 
Figure 5 shows where the AC overlay thickness D(3) is 
required. 

After performing the materials characterization and 
selecting the other inputs required for the overlay design, a 
thickness design curve was generated. Then an overlay 
thickness D(3) of 15.5 cm (6.1 in) was recommended for 
the predicted future traffic of 6.4 million 80-kN (18-kip) 
ESALs in the design lane. 

Figure 11. CRC base thickness-design curves for fair and poor sections adjacent 
to existing JCP along 1-35 north of the interchange. 
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Analysis 4 

The design analysis for this section is almost exactly the 
same as that for the CRC base discussed in design analysis 
2. Figure 5 shows where the CRCP thicknesses D(4a) and 
D(4b) are required. Although the CRCP designed in this 
section will lie below an AC overlay, it is not considered a 
CRC base as in analysis 2 because the recommended 
strength is relatively high, 4482 kPa (650 psi). 

A thickness design curve was generated by following the 
same procedure as before. The result was a thickness 
recommendation for D(4a) of 24.4 cm (9.6 in) where 
tt'affic was heavy-11.2 million 80-kN ESALs-and 17.8 cm 
(7 in) for D(4b) where traffic was light-3.2 million 80-kN 
ES A Ls. 

Analysis 5 

This analysis is concerned with the design of a new CRCP on 
the I-410 leg where an old jointed pavement is to be 
removed and a new grade established. The part of the 
overlay design model that estimates the life of an existing 
pavement (given its laboratory-determined material 
properties) was used to generate the thickness design curve 
for the new CRCP (Figure 12). The pertinent design 
parameters used to generate this curve are as follows: 

1. Flexural strength of the concrete-Since heavy 
traffic is anticipated during the design life of the 
structures, a 14-day concrete flexural strength of 4482 kPa 
(650 psi) was selected. 

2. Subbase properties--Some 15 cm (6 in) of crushed 
stone base was recommended and used for design. The 
elastic modulus of this material was assumed to be 138 MPa 
(20 000 psi). 

3. Subgrade properties--Because this area is the same 
as that classified as poor in design analysis 1, the same 

Figure 12. Reconstruction CRCP thickness-design curve for 1-410 leg of the 
project. 
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subgrade properties were used for design. However, the 
effect of a different stress condition applied to the subgrade 
due to the different pavement structure, i.e., subgrade 
stress sensitivity, was again considered in the design. 

Because the 80-kN (18-kip) traffic expected on this 
structure is also 20 million ESAL applications, the number 
of applications that can be expected in the design lane (by 
using the lane-distribution factor of 0.7 discussed earlier) is 
14 million. The design thickness D(5) recommended, then, 
is 33 cm (13 in) if roto-milling operat10ns are eKpected. 

SUMMARY OF DESIGN RECOMMENDATIONS 

Table 2 summarizes the thicknesses recommended as a 
result of the CFHR design analysis for each of the design 
sections. In addition, specific comments are noted that 
should be considered in the preparation of the project plans, 
specifications, cost estimates, and guidelines for 
construction control. 

COMMENT AND RECOMMENDATIONS 

The application of the design procedure in this project 
indicates that it is effective and provides rational results. 
Due to the inadequacies of past design methods, it is 
impossible to provide comparisons between old and new 
procedures. It is practical, though, to provide a summary of 
significant aspects and capabilities of the new procedures as 
they are related to the designs developed in the project. 
Recognition of the benefits listed below should promote 
acceptance and use of the new design procedure. 

1. Past overlay design methods experienced difficulty 
in modeling the different design combinations formulated in 
this project; the new method with its inherent flexibility 
provides rational solutions. For example, no other methods 
are available to estimate the life of a pavement consisting 
of two PCC layers of different strengths separated by an 
AC level-up course. Also, no other methods are available 
that can handle the design of a composite structure, i.e., a 
thick AC layer on foundation CRCP. These capabilities of 
the new procedure make it very attractive. 

2. Another significant capability is the fact that data 
required for making the overlay designs were gathered with 
a minimum of traffic interference. The Dynaflect 
deflection data, used to characterize the pavement 
materials in this project, were obtained in less than one day 
with only one lane closed • 

3. Recent experience in urban areas shows a trend 
toward large future traffic volumes. This requires the use 
of thicker pavements than those used in the past. Consider 
the 14 million 80-kN (18-kip) ESALs to be carried by the 
3 3--c m (13-in) CRCP. The crude stress model incorporated 
into the American Association of State Highway and 
Transportation Officials' Interim Guide fatigue equation 
makes it less reliable for thicknesses of this magnitude. The 
use of advanced computer models to predict the pavement 
response under load and environmental conditions makes the 
new overlay design model more reliable. 

4. The new overlay design procedure can also account 

18 CRCP overlay 14-day flexural strength= 4.5 MPa, limestone coarse aggregate; 1.8 cm of pavement may be removed for im
proving skid resistance 

2 18 CRC base 

15 AC 
4a 25 CRCP base 
4b 18 
5 33 CRCP 

Note: 1 cm= 0.394 in; 1 MPa = 145 psi. 

14-day flexural strength= 3.8 MPa, limestone coarse aggregate; remove surface finish requirements from 
specifications 

Design for interior 
14-day flexural strength= 4.5 MPa, limestone coarse aggregate; remove surface-finishing requirements 

14-day flexural strength = 4.5 MPa, limestone coarse aggregate 
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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 


