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IMPLEMENTATION STATEMENT

This report contains recommendations aimed at solving a problem experienced in
the Atlanta District with hydrated fly ash used as a base material: asphalt surface treatments
did not bond well to the fly-ash base. TxDOT personnel ascertained that potential causes
for the lack of bond was tied to the type of prime used (MC-30), the degree of curing in the
fly ash base and the high optimum moisture content. The laboratory effort in this study
indicates that the MC-30 (in addition to other prime materials evaluated in this study) does
not interfere in development of a bond between the asphalt surface treatment and the fly-ash
base. Research points to the need for adequate curing of the base prior to application of an
asphalt membrane. Specification recommendations are provided in this report which
address this issue.

The six test pavements of fly-ash base which are being monitored in this study are
performing well thus far. However, some of the nondestructive testing (FWD and GPR)
show the need for continued monitoring. It is recommended that the pavements be
monitored for the additional three years as scheduled in this study.

If any additional projects are constructed using hydrated fly ash as the base material
(prior to completion of the research study), its use is recommended on pavements that do

not have heavy truck traffic (until more is understood about this base material).






DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for
the facts and the accuracy of the data presented herein. The contents do not necessarily
reflect the official view or policies of the Texas Department of Transportation (TxDOT) or
the Federal Highway Administration (FHWA). This report does not constitute a standard,

specification, or regulation, nor is it intended for construction, bidding, or permit purposes.
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SUMMARY

A laboratory study was conducted to evaluate the bond strength of surface
treatments to hydrated fly-ash base materials. Variables in the experiment included (1) type
of prime material, and (2) curing condition for the base material. Tests used to evaluate the
bond strength included a torsional shear test, a South African durability test, and a
visual/subjective evaluation.

Based on the laboratory study, no obvious solution was identified as to the cause of
the surface treatment not bonding to the base material. The laboratory study showed that it
is possible to develop a good bond of the surface treatment to the hydrated fly- ash base
using various types of prime materials, including MC-30. Inadequate bond of surface
treatments to hydrated fly-ash base materials is probably not attributable to the type of
prime material used.

Researchers believe that adequate curing of the base prior to application of the
surface treatment may be the key to achieving a good bond. Since the hydrated fly ash
base develops strength with time, it is important not to trap excess moisture in the base
which could cause a strength reduction near the surface. Construction recommendations
and specification changes are provided in the report.

Visual evaluations in 1998 showed that all six test pavements are still in very good
condition. The 1998 falling weight deflectometer (FWD)D data were compared to that
taken in 1997. There is no indication of any weakerning of the base materials with time.

Ground penetrating radar (GPR) surveys of all six test pavements indicate a very
high dielectric constant for the fly-ash bases. Values of this magnitude typically indicate
the presence of excessive amounts of moisture and would generally warrant concern.
However, optimum moisture content for these pavements was as high as 35%; therefore,
these high dielectric constants may not necessarily be cause for alarm.

This document covers the second evaluation which occurred in the spring of 1998.

Annual evaluations are scheduled for the next three years.
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BACKGROUND

Hydrated fly ash is produced by allowing powder fly ash (Class C) from coal power
plants to cure with moisture. The hydrated (cured) fly ash becomes a stiff material that can
be crushed to form a synthetic aggregate. When properly processed and compacted to
optimum moisture content, the hydrated fly ash continues to gain strength after placement

as a base material (1).

The Atlanta District constructed six pavement sections in 1993 through 1995 using
hydrated fly ash as the flexible base material. District personnel are pleased thus far with
the performance of this industrial by-product as a base material; however, its long-term
performance is in question. And while performance of the material as a base has been
acceptable, problems were encountered with surface treatments separating from the base
course. This research project was initiated to evaluate and monitor performance and
changes in material properties for these six pavements through the year 2001. Evaluation
of performance shall be based on the following types of data:

. visual evaluations of surface distress,
. nondestructive field testing (falling weight deflectometer, as a minimum), and
. compressive strength of field cores.

Also included in this study is a laboratory investigation into the cause and cure for

the failure of the surface treatments on the hydrated fly-ash base courses.

History
The Atlanta District first began evaluating crushed fly ash in 1990. The district

laboratory’s initial investigation of the material found that the following material properties

for the fly ash:
. Triaxial Classification - Super Class 1,
. Unconfined compressive strength: 220 psi,

. Dry loose unit weight: 68.0 Ib/ft’,



. Compacted dry density at optimum moisture of 28.6%: 85.5 Ib/ft’,

. Los Angeles Abrasion: 47, and

. 5 Cycles of freeze-thaw (15 hours freeze-thaw at room temperature for 9 hours)
showed no damage and no volume change.

Based on promising test results from the laboratory investigation, the district
worked with Southwestern Electric Power Company (SWEPCO) to construct a test section
for the power plant haul road. This was a successful venture and performance of the
pavement was promising, which led to the construction of six test pavements throughout
the district and are the subject of this study.

A description of each of the six test sites, their locations, and typical cross sections
are presented in Table 1. At the time these pavements were constructed, the final surface
for all of the pavements (except the IH-20 frontage road which was designed for a surface
treatment followed by an asphalt concrete surface course) was to have been a one/two
course surface treatment directly over the primed fly-ash base. However, there were several
problems that occurred soon after placement of surface treatments whereby the surface
treatment delaminated from the underlying base material. It should be noted also that the
projects on SH 154, FM 1326, and FM 1520 did not have these delamination problems
except in some isolated spots. These problems eventually subsided.

Researchers interviewed contractors and district personnel in an attempt to identify
potential construction practices/techniques which could have contributed to this
phenomenon; however, no prominent solution could be identified. Therefore, researchers
implemented a laboratory investigation aimed at identifying the cause of these types of

failures. This laboratory investigation is described in the following chapter.



Table 1. Test Site Descriptions

Roadway County Project Location Project Job Typical Pavement
Length Designation | Completion Cross Section
From To Date
i &
LP 390 Harrison 2.5 mi US 59 in Marshall 0.3 mi S. of 1575-05-005 12/10/93 Grade 4 Seal Coat
SH 43 STP 92(7)UM 2.0 in. Type C Hot Mix
MC-30 Prime
10.0 in. Fly-Ash Base
| 8.0 in. Lime/FA Subgrade
IH 20 (FR) Harrison 3000 ft | 1.0 miE. of Gregg Co. Line | 0.6 mi W. of 0495-08-056 7/13/94 2.0 in. Type C Hot Mix
Loop 281 CC 495-8-56 One-Course Surface Trt.
MC-30 Prime
11.0 in. Fly-Ash Base
8.0 in. Lime/FA Subgrade
SH 154 Upshur 2000 ft 0.1 mi E. of US 259 0.5 mi E. of 0402-02-018 6/8/93 Grade 4 Seal Coat
UsS 259 HES 000S(661) One-Course Surface Trt.
MC-30 Prime
6.5 - 13.0 in. FA Base
FM 1326 Bowie 400 ft 3.0 miN. of US 82 3.0miN. 1570-02 9/93 CRS-2p Grade 5
| Maint. Forces CRS-2p Grade 4
5.5 in., Fly-Ash Base
2.0 in. Asphalt Concrete
5.0-7.0 in. Indeterminate
(LRA or Black Base?)
FM 1520 Camp 7800 ft 0.1 mi E. of Picket FM 1521 1232-03-09 8/9/93 One-Course Surface Trt.
Spring Branch A 1232-3-9 MC-30 Prime
9.0 in. Fly-Ash Base
8.0 in. Lime/FA Subgrade
FM 560 Bowie 2300 ft Barkman Creek 2300 ft N. 1021-01-007 4/28/95 1.8-2.5 in. Hot Mix
and Relief BR 90(241) MC-30 Prime
One-Course Surface Trt.
6.0 - 12.0 in Fly Ash Base
__ 0-6.0 in, Bank-Run RG _f







LABORATORY INVESTIGATION OF
SURFACE TREATMENT BONDING TO FLY-ASH BASE

Descriptions of the problems encountered when asphalt surface treatments were
placed on crushed hydrated fly-ash bases indicate the potential for at least two types of
failure mechanisms. Either or both of these mechanisms could have detrimental effects on
the interface between the base and the surface treatment. These are described below:

L. The high moisture content required for optimum compaction of the crushed
fly ash may not have a chance to escape and moisture might accumulate in
the upper portion of the base weakening the base material near the interface.
As in concrete, where excess water creates a high water cement ratio (and
lower strength), excess moisture in this type of stabilized base might also
cause a strength reduction.

2. Another factor which might contribute to the surface treatment failure is the
type of material used for a prime. Some have reported that oil (diesel or
kerosene that is present in some prime materials) will prevent a cementitious
bond (cement, lime, or fly ash) from occurring.

These two mechanisms working together could have had a detrimental effect on the
interfacial bond between the base and the surface treatment. Decreased bond strength could
result in complete failure (delamination) at the interface due to traffic (particularly braking
or turning) or water vapor pressure.

Researchers designed a laboratory experiment aimed at measuring the effects of
these mechanisms in the laboratory under controlled conditions that simulated field

conditions as closely as possible.

Torsional Shear Test

The test procedure which was chosen to evaluate the bond strength between the
prime material and the hydrated fly-ash base was a torsional shear test. This laboratory



procedure was developed by Mantilla and Button (2) and was used to. quantify interfacial
strength at the prime coat interface. Cylindrical samples are molded in 6-inch diameter
molds. The molds are fabricated in two sections to accommodate shear testing at the
primed interface between the base and the pavement layer (Figure 1). An MTS torsional
shear machine was used to test the samples. The torque-twist plots of each were recorded

and a typical plot is shown in Figure 2.

Figure 1. Diagram of Cylindrical Molds Fabricated to Accommodate Torsional
Shear Testing at the Primed Interface Between the Asphalt Surface
Treatment and the Hydrated Fly-Ash Base
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Figure 2. Typical Data Plot from the Torsional Shear Test



Materials and Sample Preparation

Samples of hydrated fly-ash base material were obtained from the Welsh Power
Plant in Cason, Texas, and brought back to Texas Transportation Institute’s, TTI,
laboratory for experimentation. An optimum moisture-density curve as shown in Figure 3

yielded an optimum moisture content of 28.5% with a dry density of 82.0 Ib/ft’.
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Figure 3. Optimum Moisture-Density Curve for Hydrated Fly-Ash Base

Samples of the hydrated fly-ash base material were compacted at optimum moisture
content in 6-inch diameter molds. The samples were cured according to the conditions
described in the experiment design below. The samples were then primed using one of the
prime materials listed below. Prime application rates were 0.18 gal/yd? for the MC-30 and
0.22 gal/yd? for the emulsions. The emulsion samples were diluted one part emulsion to
three parts water. Base samples were cured again according to the conditions described in
the next section. An AC-10/Grade 4 surface treatment was then placed on top of the

samples to simulate field conditions. For those samples where seal coat grade emulsions



were used as the prime (CRS-2 and HFRS-2p), the same emulsions (not diluted) were also
used to construct the surface treatment.

The specimens were again allowed to cure according to various conditions
described below. The upper half of the mold was attached to the lower half with the base
material. Spacers were placed between the two halves to create a 0.1 inch space at the
point of shear. This was designed to apply a shear force at the primed interface between the
base and the asphalt seal. After curing, hot-mix asphalt was compacted in the top portion
of the mold. The hot-mix asphalt layer in the upper half of the mold was bonded to the
surface treatment and provides a means of applying torque to the specimen. A uniform
torsional deformation rate of 2.9E-04 radians per second was applied to the top of the
sample while holding the bottom portion stationary until failure occurred. Specimens were

tested at 77°F.

Experiment Design
There were two types of variables which were investigated in this laboratory
experiment: (1) priming materials, and (2) curing conditions.
The priming materials which were used in this experiment were selected in
cooperation with district personnel and included the following:
. No Prime (control);
. MC-30 (Lion Oil Company, El Dorado, Arkansas);
. SS-1 (Ergon Asphalt and Emulsions, Mt. Pleasant, Texas);
. CRS-2 (Ergon Asphalt and Emulsions, Mt. Pleasant, Texas);
. HFRS-2p (Ergon Asphalt and Emulsions, Mt. Pleasant, Texas); and
. EPR-1 (Blacklidge International, Houston, Texas).

There were three types of curing conditions which were simulated in the laboratory:
. Curing Condition 1 was an attempt to simulate field practice. The base samples
were cured for 24 hours after the base was compacted. The primed base was cured

an additional 24 hours prior to application of the surface treatment and then tested



the following day.

. Curing Condition 2 was the same as the first condition except that the base was
cured for 72 hours prior to applying the prime (to allow a chance for some of the
moisture to escape).

. Curing Condition 3 was the same as the first condition except that the primed base
was allowed to cure for 72 hours prior to application of the surface treatment.

Note: All curing took place at 104°F.

The above variables provided for a 3 x 6 full factorial experiment and a total of
three samples for each condition were produced, except that the control specimens which
had no prime were tested under curing conditions 1 and 2 but not 3 (since there was no
prime added). For the Control specimens cured under condition 2, the base samples were
simply cured 72 hours prior to application of the surface treatment. A total of 51 samples
was produced. Two of the samples at each factor were tested using the torsional shear test
and the third sample was visually evaluated (by using hand tools such as a knife/spatula to
determine if the surface treatment could be easily peeled from the base (which was often

the case where some of the field problems existed).

Torsional Shear Test Results

Results of the torsional shear strength tests are shown below in Table 2. A
statistical analysis was performed to analyze the data in this table. Results of an analysis of
variance revealed that there is no statistical difference between the different curing
conditions and no significant difference in the priming materials. A visual plot of the data
in Table 2 is shown in Figure 4. In this figure, each bar represents the mean of the two
values shown in Table 2 . As in the statistical analysis, this plot also does not reveal a clear

distinction between any of the prime materials or curing conditions.



Table 2. Laboratory Test Results of Torsional Shear Test

MC-30 EPR-1

HFRS-2p

S$S-1
Prime Material

CRS-2

Torsional Shear Strength, Ibf-in
Priming Curing Condition Curing Condition Curing Condition
Materials 1 2 3
Current Practice (prime | Cure Base for 72 hrs prior to | Apply prime within 24
w/in 24 hrs and test w/in | applying prime then apply hours of base construction
24 hrs of priming). surface treatment and test but allow prime to cure for
w/in 24 hrs. a few days before testing.
MC-30 1103.7 1098.4 997.5
992.2 734.6 965.6
EPR-1 1111.7 988.7 1094.9
971.0 901.9 955.0
HFRS-2p 1181.6 1294.9 1093.1
9134 1293.1 974.5
SS-1 989.5 977.2 9294
731.1 1134.7 1094.9
None 9329 930.2 None. Same as Condition 2
1157.7 1106.4 (since no prime was applied).
CRS-2 1118.8 1065.7 1007.2
1357.7 1089.6 §94.0
1400
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Figure 4. Torsional Strength at Interface of Different Types of Prime and Fly-
Ash Base Cured Under Different Conditions
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A typical photograph of two of the failed specimens is shown in Figure 5 below.
This photo shows the specimens for the CRS-2 prime material and curing condition 1. As
shown in the photograph, failure occurred just below or at the interface of the prime and the

base material. Note that the shorter specimens in front were sheared from specimens in

back, i.e., failure plane is shown in photograph.

Prime: CRS-2
Curing Condition 1

Figure S. Failed Torsional Shear Test Specimens - CRS-2, Curing Condition 1.

As mentioned previously, one sample for each of the priming materials/curing
conditions was not tested but was visually and subjectively evaluated. Using tools such as
a knife and spatula, attempts were made to remove the seal from the base material by hand.
In the field, when some of these pavements were constructed, the bond of the surface
treatment to the underlying base was so poor, the surface treatment could literally be peeled

from the pavement. In the laboratory study, however, the surface treatment seemed very

well bonded to the base material in all cases.
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South African Durability Test

Since the torsional shear test experiment did not show any differences in the
variables examined in the experiment, researchers tried to incorporate the effects of traffic
into an experiment. It was postulated that perhaps traffic on the seal might cause damage at
the interface of the seal if the base had not yet developed its full strength. TTI’s South
African Durability Test was used to simulate traffic.

For this test the hydrated fly ash was compacted into a beam mold (17.7 inx 3.0 in
X 3.0 in) in three equal layers. Each layer was compacted with 56 blows using the modified
compaction method (ASTM D 1557). A static load of 10,000 Ib was applied and cycled
five times to provide maximum density and a smooth, finished surface. The beam was
removed from the mold and then subjected to accelerated curing by placing it in a sealed
chamber (with about 2 oz of water) and storing it in a 160°F room for seven days. After
curing, the beam was cut, using a diamond blade saw, to a length of approximately 10.6 in
and molded (sides and bottom) with gypsum. The beam was then cut to a height of 2.0 in
and the surfaces of the specimens were treated with the different prime materials, cured for
24 hours at 104°F, and topped with the Grade 4 surface treatment. The prime materials
used were the same as those shown in Table 2. One specimen was produced for each prime
for a total of six specimens.

The molded beam was then placed in the water bath of the erosion testing device. It
was allowed to soak for 1.5 hours prior to testing for durability. It was then subjected to
5000 wheel load repetitions.

At the end of the test, none of the test specimens showed any degradation. Keep in
mind, however, that the test was performed after the fly-ash base was cured (a condition
which may not always exist in the field). This was necessary because the conditions of the
test require that the specimen be trimmed or cut using a diamond blade saw and this could
not have been done on an uncured specimen. This test does, however, indicate that there

were no apparent problems with the surface-treatments after the base was fully cured.

12



Efflorescence

Efflorescence is a crystalline deposit of water-soluble salts that sometimes appears
on the surface of brick masonry. The result of this phenomenon has been seen on the
hydrated fly-ash base materials: both on unsurfaced as well as asphalt-surfaced bases.
Although efflorescence on brick masonry is unsightly, it is usually not harmful (3).

Efflorescence occurs when water-soluble salts in solution are brought to the surface
and deposited there by evaporation. Certain simultaneous conditions must exist in order for
efflorescence to occur. Soluble salts must be present in the system. There also must be a
source of water in contact with the salts for sufficient time to permit them to dissolve.

There must be migration of salt solutions to the surface in an environment which allows
evaporation.

Some have postulated that the efflorescence which is appearing on the surface of the
pavement is actually the active stabilizing agent in the fly ash which is leaching to the
surface. If this is the case, one would expect that under wet conditions, the base might be
losing strength. Field information collected thus far in this study, however, does not

indicate that the base materials are losing strength.

13






VISUAL CONDITION SURVEYS

In this research study, visual condition surveys are performed annually on all six test
pavements in late spring. The most recent survey was performed during the last week of
April in 1998. The manual survey was conducted in accordance with the procedures set up
for a SHRP LTPP distress survey (4). In addition to measuring the quantity of each distress

at each severity level, a map showing the location of crack-distress was also produced.

Leop 390
This project begins at US 59 in Marshall and extends to 0.5 km south of SH 43.

The total length of the project is about 4.0 km. For visual condition surveys, the project
was evaluated at 13 locations (200 ft survey length per location) in the eastbound travel
lane. In 1997 there were three types of distress beginning to be evident on Loop 390:
alligator cracking, a slight flushing of the seal coat surface, and rutting. However, between
the 1997 and 1998 evaluations, a Grade 4 chip seal was placed on the surface so there is no
longer evidence of alligator cracking at this time. Quantities of distress at each survey
location are shown below in Table 3.

The surface is exhibiting a slight amount of flushing at some locations. Some
locations also showed a slight increase in rutting depths from the previous year; however,

overall the pavement is in good condition.

IH-20 Frontage Road

The IH-20 Frontage Road project begins 0.9 miles east of the Gregg Co. Line and
continues eastward for 3000 feet. This pavement is in very good condition. Raveling
which was observed in 1997 had not progressed any further in 1998. There were some
isolated spots of alligator cracking as shown in Table 4. The project was evaluated at three
locations (200 ft length at each location) in the eastbound lane. The quantity of distress

present at each location is shown in Table 4.

15



Table 3. Loop 390 Distress

Location {(each | Alligator * Flushing, sq ft Rutting, in
location Cracking, sq ft
represents a

200 ft length)

Left Wheelpath | Right Wheelpath

10

11

It 12

13 0

Severity Levels : (s) slight, (m) moderate.
* A Grade 4 Seal Coat was constructed on the pavement between the 1997 and 1998 evaluations.

Table 4. TH 20 Frontage Road Distress ‘
Raveling, sq ft Alligator

Location (each location
represents a 200 ft length) Cracking, sq ft

1
Core Location 1

2
Core Location 2

3
Core Location 3

Severity Level: (s) slight, (n) moderate.
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SH 154
This project is located in Diana beginning 0.1 mi east of US 259 and extending to

0.5 mi east of US 259. The entire length of this pavement was visually evaluated in the
westbound lane. The primary distress of interest on this pavement is some slight transverse
cracking. These cracks are beginning in the shoulder and most have not progressed all the
way across the main lanes of travel; however, the cracks are very evenly spaced (every 12
to 13 ft) and might be attributable to shrinkage of the fly-ash base. A summary of the
distress is shown in Table 5 below. Note that there is no appreciable increase in the amount
of cracking observed from 1997 to 1998. In fact, it appears that some of the cracks

observed in 1997 may have healed by 1998.

Table 5. SH 154 Distress

Location Transverse Cracking in | Longitudinal Cracking
(beginning at east westbound lane, in westbound lane, linear
end of project) linear ft ft
1998
0-200f 0
(1st core location)
200 - 400 ft 0
H 400 - 600 ft 0
I 600 - 800 ft 0
800 - 1000 ft 7(s)
(2nd core location)
1000 -1200 ft 36 (s)
1200 -1400 ft 0
1400 - 1600 ft 0
1600 - 1800 ft 0
(3rd core location)
1800 - 2000 ft 28 | 44m) |2 ] 22(m)

Severity Level: (s) slight, (m) moderate.
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FM 1326

The FM 1326 project begins about 3.0 mi north of US 82. It was constructed by
district maintenance forces and is about 400 feet in length. The entire length of pavement
(both lanes) was evaluated visually. No distress of any kind was evident in the seal coat

surface.

FM 1520

The FM 1520 project is located in Camp County and begins 0.1 miles east of
Pickett Spring Branch extending to FM 1521. Its total length is about 7800 feet. This
project was visually evaluated at eight locations as shown below in Table 6. There was

virtually no change in the condition of the pavement from 1997 to 1998.

Table 6. FM 1520 Distress

Location (each location Flushing, sq ft
represents a 200 ft length) 1998
1 1000 (slight)
2 1200 (slight)
:
4 320 (slight)
5 0
6 0
| 7 0
_ 8 0

FM 560

The FM 560 project is located near Hooks and begins at Barkman Creek and Relief
and extends north for 2300 feet. The primary distress evident on this pavement is a
moderate amount of flushing in the wheelpaths. The surface treatment under the hot-mix
overlay was constructed using a multi-grade asphalt (10W30) and appears to be flushing
through the hot mix to the surface. There was also a very slight amount of cracking in the

18



northbound lane. At about 1500 feet north of where the project begins (Barkman Creek),
four transverse cracks appeared in the center of the northbound lane in 1997. Each crack
was less than three feet in length. There was also one longitudinal crack five feet long. In
1998 there was a bit more cracking as shown in Table 7 below; however, the pavement is
still in very good condition. The project was evaluated at three locations (200 ft length at
each location) in the northbound lane. The quantity of distress present at each location is

shown below in Table 7.

Table 7. FM 560 Distress

Location (each location Flushing, sq ft Longitudinal Transverse
represents 200 ft in Cracking, linear ft Cracking,
length) finear ft

1
Core Location 1

2
Core Location 2

3
" Core Location 3
Severity Level: (s) slight, (m) moderate.
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FIELD CORE AND FIELD TESTING DATA

Attempts were made to obtain three cores from each of the six test pavements.
Laboratory staff from the Atlanta District performed the coring operations using district
coring equipment. Water was used to cool the bit during the coring operations. It was not
possible to obtain as many cores as desired because, in some cases, the cores were not
retrievable. They broke into pieces when attempting to remove them from the pavement or
core bit.

TTI performed unconfined compressive strength testing on the field cores. Plaster
was used to cap the ends of the specimens prior to testing. For unconfined compressive
strength, it is desirable to have a sample length (L) to diameter (D) ratio of at least 2.
However, some of the cores were very short and L/D ratios varied from 0.76 to 2.2.
Adjustment factors were used to facilitate comparing cores of different thickness as
described in Tex 418-A . These results are compared with last year’s results in Figure 6.

At the time the pavements were visually evaluated, falling weight deflectometer
(FWD) testing was also performed by the Atlanta District personnel. The FWD is a test
which nondestructively measures stiffness and relative deflection of the various layers of a
pavement system. A load which simulates a truck load is applied to the pavement through
a 12 inch diameter load plate. Pavement deflection is measured by geophones placed at
various distances from the plate, yielding a “deflection bowl.” Deflection magnitudes and
bowl shape are used to calculate stiffness and relative deflection of each layer. In general,
the lower the deflection and higher the stiffness, the better the pavement’s ability to
distribute and carry load without rutting and cracking. FWD deflections were measured at
regular intervals along the length of each test pavement.

Moduli values of the pavement layers were calculated using the TTI Modulus
Analysis System (Version 5.1). Results of the analysis are presented in Tables 8 through
13. Of particular interest for this project is the moduli values for the base (E2). TTI
experience has shown that for stabilized bases, moduli values between 145,000 and

500,000 pst are optimum in terms of field performance. Bases with moduli values between
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Figure 6. Unconfined Compressive Strength of Highway Cores
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Table 8. FWD Data Analysis - Loop 390

District: 19 MODULT RANGE(ps1)

County: 103 Thickness(in) Hinimum Maximum Poisson Ratio Values
Highway/Road: SL0O390 Pavement: 2.00 199,980 200,020 Hl: PR=10.35
Base: 10.00 30.000 500,000 H2: PR = 0.30
Subbase: 8.00 5.000 500.000 H3: PR = 0.25
Subgrade: 207.50 15,000 H4: PR = 0.40
Station lLoad  Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to
ft (1bs) Rl R2 R3 R4 R5 R& R7 SURF(E1) BASE(EZ) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
114.000 11,341 22.24 14.74 8.50 5.17 3.30 2.26 1.69 200 126.4 5.4 17.8 3.13 158.23
642.000 11,341 8.3 5.48 3.37 2.39 1.65 1.11 0.78 200 450.8 29.5 34.0 2.26 155.71
1171.000 12,139 1470 8.60 4.08  2.49 1.75% 1.35 1.11 200 147 .4 18.1 33.8 6.99 226.18
1698.000 11,086 12.76 9.33 6.91 4.9 3.48 2.57 1.86 200 419.1 18.1 14.5 0.60 209.38
2226.000 10,991 11.91 7.71 419  2.59 1.78 1.35 1.09 200 222.3 16.3 30.2 5.19 247.91
2754.000 11,023 10.07 6.8 420 2.81 1.97 1.46 1.05 200 336.4 24.0 26.7 3.09 197.66
3281.000 11,317 11.34 7.46 4.8 338 257 2.04 1.59 200 255.0 57.5 20.4 3.75 300.00
3811.000 10,630 16.27 9.8 59 371 2.63  2.02 1.59 200 133.8 17.7 19.0 3.14 300.00
4338.000 10,701 1595 871 519 372 2.8 2.17 1.74 200 101.2 58.6 18.1 4.50 300.00
4634.000 12,222 17.80 8.58 4,74 3.33 257 2.08 1.67 200 91.8 48.1 23.4 6.86 300.00
4871.000 11,110 20.32 11.09 552 3.65 2.64  2.00 1.53 200 81.6 17.1 20.5 5.20 287.88
5394.000 11,130 14.45 9.41 565 3.5/ 2.40 1.76 1.38 200 200.0 12.9 2.5 2.81 211.66
5923.000 11,793 11.67 7.48 465 3.51 2.65 2.15 1.65 200 224.2 80.2 20.7 4.43 300.00
6449.000 11,023 10,13 7.54 523 3.43 2.25 1.65 1.22 200 500.0 10.4 24.9 3.44 175.33
6980.000 11,202 8.91 504 335 241 1.81 1.44 1.24 200 240.3 134.7 29.4 2.96 300.00
7506.000 11,265 13.17 6.32 4,15  3.07 2.24 1.71 1.33 200 109.6 159.4 24.0 2.81 300.00
8035.000 11,269 15.69 8.11  5.07 3.50 2.56 1.96 1.59 200 106.4 59.7 20.7 2.95 300.00
8562.000 10,034 1890 12.95 7.89 4.9 3.21 2.19 1.65 200 150.8 5.1 16.4 2.33 171.48
9093.000 11,162 10.43 528 2.8 192 1.38 1.05 0.8 200 173.4 475 39.1 4 50 300.00
9677.000 11,317 9.73 543 3.09 2.14 1.49 1.18  0.96 200 229.9 43 0 35.9 3.92 266.19
10147.000 10,490 12.83 8.69 473 3.04 2.16 1.59 1.33 200 204.1 14.6 241 5.63 276.13
10673.000 10,943 11.57 7.29 4.41 2.84 1.82 1.28  0.96 200 255.9 15.4 29,2 1.22 151.38
11203.000 10,562 9.31 588 3.79 2.54 1.70 1.25  0.9% 200 326.3 27.9 28.9 1.10 196.67
11731.000 10,653 12.06 6.8 3.98 2.42 1.54 1.04  0.72 200 194.0 15.6 34.0 0.90 146.10
12259.000 11.213 12.14 8.09 4.26 2.47 1.66 1.2 0.97 200 230.3 12.2 33.9 6.16 148.45
12984.000 10.681 20.83 12,54 6.25 339 2.14 1.57 1.20 200 91.1 7.3 23.3 6.33 106.03
Mean: 13.60 8.28 4,88 3.21 2,24 1.67 1.30 200 215.5 37.0 25.6 3.70 227.57
Std. Dev: 3.88 243 1.37 0.85 0.58 0.43 0.33 0 113.1 383 6.7 1.81 84.37
Var Coeff(%): 28.52 29.31 28.19 2651 2699 2595 25.73 0 52.5 1060.0 26.2 48.94 37.07
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Table 9. FWD Data Analysis - IH 20 Frontage Road

District:
County:

Highway/Road: IH0020

Station
ft

Load
(ibs)

Base:

Subbase:

Pavement :

Subgrade:

Measured Deflection (mils):
Rl R2 R3 R4

Thickness{in)
2.00
11.00

R7

MODULT RANGE(pst)

Minimum Maximum Poisson Ratio Values
199,980 200,020 Hl. PR = 0.35
100,000 6,000,001 HZ: PR = 0.35
20.000 700,000 H3: PR = (.25
15,000 H4: PR = 0.40
Calculated Moduli values (ksi): Absolute Depth to

423.000

665.000

895,000
1037.000
1103.000
1193.000
1401.000
1598.000
2035.000
2200.000
2364.000
2603.000
2801.000
2999.000
3140.000
3357.000
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SURF(E1) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
200 5284.7 83.2 11.1 2.71 36.00
200 3293.4 563.6 15.3 3.63 24.00
200 2088.6 20.6 9.1 2.00 203.89
200 4860.5 305.2 10.5 2.81 36.00
200 438.5 441.0 9.5 6.72 300.00
200 218.2 236.3 6.3 6.34 192.12
200 186.0 646.0 7.8 7.93 300.00
200 183.2 425.9 6.8 7.74 277.05
200 135.6 361.8 8.1 $.17 300.00
200 117.2 331.9 8.3 10.55 300.00
200 100.0 294.9 9.7 13.04 300.00
200 131.6 218.7 8.1 11.50 300.00
200 114.6 312.8 8.7 §.19 300.00
200 100.0 152.4 19.6 20.85 24.00
200 139.4 63.0 16.4 22.80 36.00
200 1411.4 645.6 21.8 6.63 24.00
200 1175.2 318.3 11.1 8.97 66.02

0 1771.4 192.6 4.7 5.96 68.71
0 100.0 60.5 42.1 66.39 104.07



Table 10. FWD Data Analysis- SH 154

District: 19 MODULT RANGE(psi)

Y4

County. 230 Thickness{in) Minimum Maximum Poisson Ratio Values
Highway/Road: SH0154 Pavement : 0.50 199,980 200,020 Hl: PR = (.35
Base: 13.00 15,000 1,500,000 H2: PR = (.30
Subbase: 0.00 0 0 H3: PR = (.25
Subgrade: 146.90 15,000 H4: PR = 0.40
Station Load  Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to
ft (ibs) R1 R2 R3 R4 R5 R6 R7 SURF(E1) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
100.000 10,546 36,41 1919 7.12 3.77 2.89 2.25 1.85 200, 34.4 0.0 13.0 12.70 64,25
199.000 9.577 40,63 21.04 8.17 4.14 2.83  2.15 1.71 200. 27.2 0.0 1.1 12.39 74,51
300.000 10,014 35.29 17.17 4.63 1.74 1.43 1.28 1.14 200, 27 .4 0.0 19.9 23.26 58.9%
400.000 11,178 37.21 2060 7.06 3.34 2.43 1.88 1.43 200, 34.2 0.0 14.6 14.62 56.82
438.000 12,342 7.37 6.05 4.76 3.65 2.71 1.70 1.39 200 813.7 0.0 20.6 4.68 124.20
573.000 12,226 5.76 4.8 3.7 2.84 2.04 1.42 1.11 200 1069.2 0.0 25.7 3.08 180.92
699.000 12,485 552 4.85 3.87 3.03 2.32 1.78 1.39 200 1500.0 0.0 21.8 2.87 300.00
800.000 12,898 4,49 4.05 3.51 3.02 2.11 1.61 1.31 200 1500.0 0.0 27.3 8.51 265.08
905.000 12,226 6.01 554 469 3.84 2.98 2.29 1.74 200 1500.0 0.0 16.7 3.48 255.13
1001.000 11,408 7.31 5.67 4.43 3.40 2.5  2.04 1.69 200 837.1 0.0 19.0 1.96 300.00
1100.000 12,314 6.54 385 2.68 1.63 1.11 0.81 0.6% 200 459.0 0.0 43.7 4.38 36.00
1200.000 12,016 6.04 5,15 4.24 3.43 2.7 2.15 1.7% 200 1500.0 0.0 17.8 1.98 300.00
1310.000 12,258 6.3 5.71 454  3.57 2.81 2.22 1.78 200 1380.0 0.0 17.4 3.25 300.00
1449.000 11,718 5.91 476 4,04 3.29 2.65 2,11 1.74 200 1500.0 0.0 18.2 1.93 300.00
1500.000 11,730 5.35 4.79 4,12 3.25 2.41 1.94 1.41 200 1500.0 0.0 19.2 4,16 300.00
1600.000 11,170 14.76 10.61 5.91 2.07 1.16 0,59 0.42 200 107.4 0.0 25.0 28,74 36.00
1711.000 12,318 7.09 5.87 4,79  3.82 2.98 2.33 1.91 200 1198.7 0.0 16.9 1.41 300.00
1800.000 12,326 10.03 7.15 4.8 3.33 2.38 1.79 1.43 200 382.7 6.0 22.5 3.37 300.00
1901.000 11,277 9.52 6.34 451 3.43 2.54 1.82 1.40 200 420.7 0.0 20.8 3.78 217.08
1999.000 11,944 10.11 7.19 522 3.8 2.72  2.03 1.52 200 428.9 0.0 19.5 1.47 241.45
2100.000 11.885 12.48 8.66 5.63 4.00 2.90 2.17 1.70 200 280.6 0.0 18.2 3.61 300.00
2141.000 11,702 13.63 9.30 6.38 4.07 2.68 1.90 1.43 200 218.9 0.0 17.6 3.77 182.94
2199.000 12,131 17.04 10,19 575 3.43 2,20 1,58 1.21 200 132.3 0.0 19.9 4.64 155.30
Mean: 13.51  8.63 4,98 3.30 2.42 1,82 1.44 200 732.7 0.0 20.3 6.70 160.49
Std. Dev: 11.70  5.45 1.29  0.68 0.54 0.45 0.36 0 £98.4 0.0 6.3 7.15 152.23
var Coeff(%): 86.54 63.15 25.85 20.63 22,33 24.78 25.06 0 81.7 0.0 31.2 106.81 94.85
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Table 11. FWD Data Analysis - FM 1326

TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (version 5.1)
District: 19 MODULT RANGE(psi)
County: 19 Thickness(in) Minimum Maximum  Poisson Ratio Values
Highway/Road: FM1326 Pavement : 0.50 199,960 200,020 Hl: PR = 0.35
Base: 5.50 20,000 800,000 H2: PR = (.30
Subbase: 8.00 4,000 180,000 H3: PR = 0.35
Subgrade: 114.20 15,000 Hi: PR = 0.40
Station Load Measured Deflection (mils): Calcutated Moduli values (ksi): Absolute Depth to
ft (ibs) R1 R2 R3 R4 RS R6 R7 SURF(E1) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
0.000 11,305 4528 17.65 8.11 4.72 3.20 2.51 2.17 200. 39.4 18.4 12.2 6.59 162.36
50.000 10,681 46.12 21.64 8.02 4.30 3.26 263 2.29 200, 56.0 9.9 11.5 9.58 64.45
100.000 11,301 24.11 1460 7.50 4.16 2.77 2.11 1.70 200. 213.4 26.5 13.8 3.43 119.15
150.000 11,801 16.23 12.52 7.57 4.9 3.30 2.35 1.88 200. 688.4 64.5 12.2 3.61 199.43
200,000 12,072 15.24 11,43 7.57 4.9 3.17 2.06 1.50 200. 800.0 73.7 12.8 0.99 144.65
225,000 11,241 1560 9.91 6.27 4.06 2.72 1.93 1.47 200. 255.9 104.6 15.6 1.29 207.22
300.000 11,39 16.70 10.77 554 3.06 2.00 1.54 1.31 200, 393.0 35.9 18.7 3.56 113.66
321.000 11,619 17.68 12.68 6.80 4.28 2.83 2.3 1.70 200. 478.1 43.5 14.2 5.92 190.22
350.000 11,940 19.46 12,51 7.59 4.77 3.17 2.28 1.80 200. 2713.1 65.5 13.7 1.47 199.45
400.000 11,130 26.5 16.12 7.43 3.83 2.28 1.61 1.28 200. 246.3 12.3 14.8 2.45 89.06
417.000 11,702 18.98 13.81 8.11 4.65 2.76 1.83 1.38 200. 722.5 21.9 13.2 1.74 115.80
450,000 10,196 51.40 24.39 8.11 3.61 2.42 1.91 1.63 200. £8.7 5.1 12.6 6.44 56.42
Mean: 26.11 148 7,39 4.28 2.82 2.09 1.68 200 352.1 40.2 13.8 3.92 128.27
Std. Dev: 13.46 443 0.80 0.58 0.42 0.34 0.3 0 267.3 30.8 1.9 2.67 60.43
Var Coeff(%): 51.54 29.87 10.88 13.55 14,93 16.35 19.15 0 75.9 76.8 14.1 68.05 47.11



Table 12. FWD Data Analysis - FM 1520

TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT)

LT

District: 19

County: 32 Thickness(in) Minimum Maximum Poisson Ratio Values
Highway/Road: FM1520 Pavement : 0.50 199,980 200,020 Hi: PR = 0.35
Base: 10.00 20,000 400,000 HZ: PR = 0.30
Subbase: 8.00 4,000 150,000 H3: PR = 0.25
Subgrade: 158.10 15,000 H4: PR = 0.40
Station Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to
ft {1bs) R1 R2 R3 R4 R5 R6 R7 SURF(E1) BASE(EZ) SUBB(EJ) SUBG(E4) ERR/Sens Bedrock
212.000 12,449 10.52 6.48 4.10 2.86 2.0 1.43 1.17 200. 329.5 65.2 24.6 2.96 207.98
800.000 11,809 15.72 8.77 515 3.22 2.28 1.76 1.27 200. 174 .4 30.0 21.2 4.54 299.39
1399.000 12,286 11.66 7.32 4.31 3.08 2.35 1.79 1.54 200. 306.7 50.5 22.3 7.14 300.00
2000.000 9,176 53.70 25.19 7.24 3.94 3.24 2.61 2.44 200. 22.0 4.7 13.3 19.57 56,30
2599,000 11,138 33.46 20.28 9.77 4,58 4.07 3.76 2.87 200. 69.7 7.5 12.9 15.20 73.46
3200.000 11,6564 14.88 11.58 7.15 4.50 2.93 1.87 1.34 200, 397.9 4.7 22.8 2.57 137.14
3800.000 11,809 32.25 1859 883 6.24 3.82 2.87 2.26 200. 73.9 11.2 12.9 5.19 300.00
4183.000 12,671 16.15 6.00  2.07 1.95 1.60 1.32 1.02 200. 125.8 45.9 35.6 28.78 54.35
4400.000 11.849 19.46 10.00 556 3.46 2.10 1.40 1.27 200, 109.4 28.4 20.9 2.15 120.30
5002.000 11,567 14.83 8.13 506 3.27 2.39 1.84 1.39 200, 178.7 44.5 19.5 6.15 300.00
5601.000 11,809 12.59 6.36 3.17 2.22 1.82 1.79 1.43 200, 199.9 48.0 28.9 14.80 300.00
6200.000 11,436 22.03 14.36 8.44 5.09 2.98 2.16 1.70 200. 171.7 6.2 17.2 1.35 110.80
6583.000 12,183 15.55 9.44  6.57 4.57 3.10 2.36 1.62 200. 190.4 71.9 14.9 2.32 224 .41
6820.000 12,342 8.55 5.8 4.06 2.88 2.09 1.54 1.22 200. 400.0 27.4 27.4 13.14 264.63
7400.000 11,754 18.22 10.17 6.94 3.94 2,3 1.55% 1.18 200, 192.2 11.3 21.4 5.16 116.14
8002.000 12,493 14.04 559 402 2.99 2.17 1.66 1.23 200, 176.3 85.0 24.8 16.23 222.56
8600.000 11,158 13.07 8.70 5.26 3.77 2.44 1.76 1.40 200. 268.5 21.7 18.6 2.51 159.25
Mean: 19.22 10.75 5.75 3.68 2.57 1.97 1.55 200. 199.2 33.5 21.1 8.81 176.64
Std. Dev: 11.18  5.67 2.11 1.08 0.68 0.63 0.51 0 109.8 25.1 6.1 7.80 122.20
Var Coeff(%): 58.17 52.73 36.68 29,35 26.61 31.84 32.67 0 55.1 74.9 28.9 88.58 69.18

MODULI RANGE(psi)
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Table 13. FWD Data Analysis - FM 560

TT1 MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) {Version 5.1)
District: 19 MODULT RANGE(psi)
County: 19 Thickness(in) Minimum Maximum Poisson Ratio Values
Highway/Road: FM0560 Pavement : 2.00 199,980 200.020 Hl: PR = 0.35
Base: 6.50 20,000 1,000,000 HZ: PR = 0.30
Subbase: 6.00 10.000 700,000 H3: PR = 0.35
Subgrade: 274.20 15,000 H4: PR = 0.25
Station Load  Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to
ft (1bs) R1 R2 R3 R4 R5 R6 R7  SURF(E1) BASE(EZ) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
0.000 10,272 28.76 16.78 9.18 6.07 4.48 3.44 281 200 77.7 15.3 11.6 3.10 300.00
103.000 9.617 29.14 1609 9.16 6.17 4.41 3.32 2.71 200 59.5 19.5 10.9 1.32 300.00
300.000 10,236 5.27 445 3.93 3.32 2.72 2.15 1.79 200 1000.0 700.0 23.1 12.81 300.00
450 000 10,193 29.07 16.42 9.19 5.78 4.00 2.94 2.28 200 81.1 10.7 12.6 0.59 300.00
606.000 9,692 27.70 17.92 10.45 6.68  4.52 3.32 2.65 200 107.0 10.0 10.3 1.59 255.78
758.000 9.748 19.46 13.79 8.93 5.85 3.8% 2.74 2.21 200 300.6 16.0 12.5 1.15 209.84
904.000 9,716 19.57 12.31 7.72 5.04 3.46 2.51 2,07 200 168.0 19.8 13.8 0.84 268.35
1045.000 9,787 15.70 9.72 5.65 376  2.77 2.15 1.77 200 175.0 34.3 17.8 2.89 300.00
1200.000 g,728 1466 7.86 4.31 3.00 2.29 1.81 1.56 200 113.9 60.8 22.4 4.22 300.00
MODULT RANGE(psi)
Thickness(in) Minimum Maximum  Poisson Ratio Values
Pavement : 2.00 199.980 200,020 Hl: PR = 0.35
Base: 9.50 20.000 400,000 H2: PR = 0.30
Subbase: 3.50 5.000 400,000 H3: PR =0.35
Subgrade: 273.70 19,600 Hi: PR = 0.25
Station Load  Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to
ft (1bs) R1 R2 R3 R4 R5 R6 R7 SURF(E]) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
1350.000 9,783 12,96 7.93 494 3.9 2.43 1.89 1.61 200. 179.8 22.5 20.8 2.63 300.00
1444 .000 9,609 21.45 1222 6.35 4.02 2.89 2.23 1.85 200. 78.6 5.9 17.5 4.23 300.00
1500.000 9,628 19.49 11.62 6.93 4.58 3.17 2.3 1.86 200 103.7 8.4 15.6 1,23 285.34
1666, 000 9.75%6 21.79 11.80 6.69 4.38 3.11 2.38 1.87 200 73.6 11.3 16.0 1.82 300.00
1807 .000 9,744 15.85 5.84 1.87 0.65 0.49 0.53 0.54 200 45.6 456 45.6 44 51 24.00
1963.000 9,597 18.21 9.07 4.63 2.84 2.09 1.65 1.41 200. 77.0 9.8 23.6 3.22 247.34
2099.000 9,787 19.07 991 5.74 3.54 2.36 1.75 1.41 200. 87.6 8.1 20.8 0.96 202.89
2249.000 9,446 30.33 14.59 6.81 3.86 2.53 1.89 1.52 200. 36.8 5.0 17.2 4.66 135.76



500,000 and 1,000,000 psi give variable field performance and values above 1,000,000 psi
seem to be too stiff and exhibit transverse/shrinkage cracking. In Figures 7 through 12, the
base moduli values are plotted for each test pavement.

Another parameter which should be noted is the ratio of the base to the subgrade
(E2/EA). It is desirable (in stabilized bases) for this ratio to be greater than 3. Between 2-3
is marginal and below 2 is considered poor.

For subgrades, moduli values less than 4000 psi are considered poor while good
values are those greater than 16,000 psi.

Ground penetrating radar (GPR) data were obtained for all six test pavements in
February of 1998 by Department of Transportation (DOT) Design Division personnel.

Below is a discussion of the FWD and GPR test results and the field core data.

Loop 396

No cores were obtained from this pavement. Unsuccessful attempts were made in
1997 and again in 1998.

FWD data shown in Table 8 and Figure 7 indicate that the base layer is weak in
some areas which also coincided with areas where alligator cracking was observed in 1997.

As shown in Figure 7, there is some variation in the moduli values between 1997 and 1998;

however, the difference does not seem to warrant concern that the base is exhibiting a

deteriorating strength.

IH 20 Frontage Road

Three cores were obtained from this pavement as shown in Figure 6. Last year, this
pavement exhibited the highest compressive strength but there was a loss in strength as
noted with the cores taken in 1998. However, there doesn’t seem to be an appreciable
difference in the base moduli values from 1997 to 1998 (Figure 8). Note in Figure 8, that

the last data point may coincide with the beginning of a different type of pavement section.
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SH 154

With indications of what appears to be shrinkage cracking, one would expect this
pavement to be the stiffest of the six. This is true in terms of FWD data (Figure 9). Base
moduli values along the pavement exceed 1,000,000 psi in some locations. Base moduli
values in 1998 appear to be similar to that in 1997 with some places showing significantly
higher moduli than the previous year. Compressive strength of thé cores is also close to the

values obtained the previous year (Figure 6).

FM 1326
Two cores were obtained from FM 1326 which could be tested and the compressive

strength was significantly higher than the single core which was tested in 1997. FWD data
(Table 12 and Figure 10) indicate that the base is not deteriorating but exhibits an overall

similar or better modulus than the previous year.

FM 1520
Three cores were obtained from FM 1520 and two of the three cores showed a

significantly greater compressive strength than the previous year. FWD data (Figure 11) on

this pavement indicates that there is no significant change between 1997 and 1998.

FM 560

All three cores obtained from FM 560 had a higher compressive strength than the
cores obtained the previous year. The base on this pavement has two different thicknesses
along its length: 9 inches and 16 inches. Because of the difference in thicknesses, two
separate FWD analyses were performed as shown in Table 14. Results from both analyses,
however, were combined for Figure 12. Moduli values for this pavement do not appear to
be as variable as on some of the others; however, the values are lower than the desired
minimum of 145,000 psi. Also, however, there seems to be little change in moduli values

between 1997 and 1998.
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Figure 7. Base Moduli Values for Loop 390
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Figure 8. Base Moduli Values for IH 20 Frontage Road
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Figure 9. Base Moduli Values for SH 154
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Figure 10. Base Moduli Values for FM 1326
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Figure 11. Base Moduli Values for FM 1520
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Figure 12. Base Moduli Values for FM 560.
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Ground Penetrating Radar Data
Ground penetrating radar data surveys were collected by TxDOT’s Design Division

personnel on February 9, 1998. Some typical dielectric constants for the fly-ash base are

shown below in Table 14.

Table 14. Typical Dielectric Constants for Hydrated Fly-Ash Bases

Pavement Section Station Location Dielectric Constant
for Hydrated
Fly-Ash Base
Loop 390 1909 ft 11.3
2266 ft 16.0
IH-20 Frontage Road 2086 ft 16.5
2423 ft 12.8
SH 154 92 ft 17.6
991 ft 18.3
FM 1326 239 ft 20.6
253 fi 20.2
FM 1520 607 ft 233
FM 560 1158 ft 19.5
2034 ft 15.0
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CONCLUSIONS AND RECOMMENDATIONS

Laboratory Study

A laboratory study was conducted to evaluate the bond strength of surface treatments to
hydrated fly-ash base materials. Variables in the experiment included (1) type of prime
material used and (2) curing conditions for the base material. Tests used to evaluate the bond
strength included a torsional shear test, a South African durability test, and visual/subjective
evaluations. The torsional shear test did not show any differences between the different prime
materials used or the different curing conditions. A visual evaluation was done also on
samples for each prime material and curing condition and there appeared to be a very good
bond of the surface treatment to the base in all cases.

Based on the above laboratory data, researchers attempted to include the effects of
traffic on evaluating the bond strength. For this evaluation, the South African durability test
was used. This is a test that is typically used to evaluate the durability of stabilized base
materials. For the purposes of this study, the base materials were compacted at optimum
moisture into beam-shaped molds, cured and topped with different types of prime materials
and finally a surface treatment. The samples were then placed in a water bath and trafficked
under a loaded wheel for 5000 repetitions. All of the samples (produced with different prime
materials) performed very well and the bond strength of the surface treatment to the base
material seemed to be very good. Curing condition was not a variable in this experiment.
Curing of the samples for seven days prior to testing is a necessity for this test because the
samples must be

trimmed with a saw prior to testing.

Based on the laboratory study, no confident solution can be provided to the problem
experienced in the field regarding the surface treatment not bonding to the base material.
Originally, one problem was thought to be the use of MC-30 as a prime material; however, the
laboratory study showed that the MC-30 is an effective prime material in addition to the other
prime materials that were used in the lab study. Even though curing time of the base was a

variable in the experiment, it may be that even the lowest level of curing in the laboratory was
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more than what was experienced in the field prior to construction of the surface treatment and
application of traffic. Researchers believe that the curing time of the base prior to application
of the surface treatment may be the key to achieving a good bond.

The hydrated fly-ash base material has an optimum moisture content which can be as
high as 35%. Compared to other types of base materials, this is an extremely high moisture
content. If the surface of the base material is sealed soon after construction, moisture may
accumulate in the upper portion of the base, weakening the base material near the interface. As
in concrete, where excess water creates a high water cement ratio (and lower strength), excess
moisture in this type of stabilized base might also cause a strength reduction.

Hydrated fly-ash base develops strength with time. If enough strength has not
developed in the surface at the time traffic has been placed, excess fines may be generated in
the base surface (by the action of traffic) causing a debonding of the surface treatment.

The laboratory study showed that it is possible to develop a good bornd of the surface
treatment to the hydrated fly-ash base using various types of prime materials, including MC-
30. Inadequate bond of surface treatments to hydrated fly-ash base materials is probably not

attributable to the type of prime material used.

Field Evaluation

. Most of the hydrated fly-ash test pavement are performing very well at this time.
Those pavements which have distress are in isolated areas and the distress is not
affecting the serviceability of the roadway.

. Very little change was seen in the performance of the six pavements between the 1997
and 1998 evaluations. Two of the six hydrated fly-ash test pavements have exhibited
distress which might be attributable to deficiencies in the fly-ash base material. In
1997 Loop 390 exhibited a small amount of alligator cracking in an area where the
FWD data indicated the base is weak. However, by 1998, the surface had a new seal
coat and there was apparent surface distress at the time of evaluation in 1998. SH 154
is exhibiting transverse cracking (which appears to be from shrinkage of the base) and
the FWD data indicates this pavement is excessively stiff. Researchers observed that

the cracking had not progressed further in 1998 and, in fact, there was slightly less
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cracking in 1998 than in 1997. This indicates there may be a tendency of the cracks
toward autogenous healing in this type of base material.

1998 FWD data were compared to that taken in 1997. Modulus of the fly-ash base
materials were back-calculated from the FWD data. There is no indication of any
weakening of these base materials with time. Modulus values, however, are dependent
on moisture conditions of the base and the 1998 FWD data were taken on the heels of a
dry spring (compared with the 1997 data).

Cores were taken on all of the test pavements except Loop 390. No intact core could
be obtained from Loop 390. For the other five pavements, unconfined compressive
strengths were about the same or higher than the compressive strengths of the previous
year.

Ground penetrating radar (GPR) surveys of all six test pavements indicate a very high
diclectric constant for the fly-ash base materials. Values of this magnitude typically
indicate the presence of excessive amounts of moisture and would generally warrant a
great deal of concern by pavement engineers. However, one must remember that the
optimum moisture content for these pavements was 35% compared with moisture
contents of, say, 7% for more typical base materials. Therefore, these high dielectric
constants may not necessarily be cause for alarm.

Hydrated fly ash is a new material and is different from other stabilized base materials.
Given this fact, it may not be appropriate to apply field testing criteria associated with
conventional materials. For this material and its respective traffic conditions, values
shown in this report may be acceptable (since the pavements are performing very well).

This will become more evident as performance is monitored over the next three years.
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Recommendations

Based on a second year of monitoring for these fly-ash test pavements, performance
results are very promising. Concern, however, is warranted regarding the fly ash material
variability as exhibited in moduli values from FWD data. GPR data showed alarmingly high
dielectric constants for the bases indicating excessive moisture in the base. This may not be
cause for concern, though, since original optimum moisture content was as high as 35%.

It appears that typical rule of thumb criteria which we typically apply to conventional
pavements may not be applicable to fly ash bases. Since appropriate criteria is not established
for this type of material, it is recommended that the Atlanta District continue the current course
of action: monitoring the performance of these pavements as scheduled through this research
project. If any new construction with fly-ash base is initiated soon, it is recommended that the
construction be limited to pavements that do not have heavy truck traffic (until more is
understood about these base materials).

Inadequate bond of surface treatments to fly ash base materials does not appear to be
related to the type of prime material used. Researchers believe that the bonding problem is
related to the curing extent of the base material. The fly-ash base develops strength with time
and care should be taken to insure that adequate curing occurs prior to application of the
surface treatment (especially on higher-trafficked roadways). Also, once the base has been
compacted at optimum moisture content, any additional water sprayed on the surface could
weaken the base near the surface. If it is necessary to spray additional water on the surface for
finishing, care should be taken not to trap any water (by an asphalt membrane) in excess of that
needed for hydration.

At the onset of the study, researchers consulted with other hydrated fly-ash suppliers.
In a letter from Don King (President of DePauw Fly Ash suppliers in Amarillo) to TTI dated
April 1, 1996, Mr. King states that Special Specification No. 2011 - Fly Ash Base is in need of

Jurther development, especially in the area of curing conditions and bonding mechanism with

surface courses. DePauw recommends that Article (6) Finishing on page 3-4 be amended by
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deleting items (1), (2) and (3) as shown in Figure 13. DePauw also suggests that Article (7)
Curing on page 3-4, be deleted and replaced with the following:

Prior to placing the surfacing on the completed base, the base

shall be cured to the extent as directed by the Engineer.

Researchers concur with this recommendation.
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1993 SPECITICATIONS €37 0801-02-012

SEECIAL SEECIFICATION

e 2011
LY ASK BASE
1. DESCRIPTION. THIS ITEM SHALL CONSIST OF A BASE COURSE COMPOSED OF
THE ITEKS OESCRIGED UMDER ARTICLE 2. MATEKIALS. 2 ITEM SHALY

ALSO INCLUDE THE PLACEMENT, mmw«. PINISKING m SHAPING OF THE
BASE COURSE IN ACCOROANCE WITH THE REQUIKEMENTS OF THIS
SPECIFICATION AND THE PLANS AND T0 THE LINES AND GRADES AS
ESTABLISRED BY THE TNCINEER.

2. MATERIALS- N

€1y CRUSHED, CURED £LY ASK, A FLY ASH WHICH KAS SET, CURED,
MINED, CRUSHED AMD SILED. THE CRUSKED, CURED FLY ASH smu. Be
FREE OF ISJURIQUS OR mowcrs AND FREE OF ORGANIC
HATERIAL OR OTHER FOREICN MATTER. 15
FESPONSIBLE FOR FURNISNING THE mxm YITH THE FOLLOWING:

1. CERTIFICATION TRAT THE CRUSKED, CURED FLY ASH COMPLIES WITH
EITHER CLASS 2 OR 3 INDUSTRIAL MASTE REQUIREMENTS SET FORTH
I& 3¢ TAC 33S.306 & 30 TAC 33S.507. THE CERTIFICATION
REQUIRED BY TKIS SUBPARACEAPE SHALL 3£ BASED O8 LABORATORY
TESTING OF THE CRUSKED, CORED FLY ASK. THE SAMPLING
FREIQUENCY OF TKE CRUSHED, CURED FLY ASH SRALL COMPLY WITH

THE QC REQUIRENENTS SET YORTH Ix £P2 SWE4E, CHAPTIR 9.

2. DOCKRMENTATION THAT THE GENERATOR OF THE YLY ASH BT-PRODOCT
KAS COMPLIED WITE THE MOTIFICATION REQUIREMENTS FOR
RECYCLING ACTIVITIES 2S5 wm‘xxm BY 30 TAU 335.24(%) AND IO
TAC 338.6.

THE SQURCT OF THE CRUSHED, CURED FLY ASH SRALL BI APPROVED BY THE
ENGINEER PRIOR YO ITS USE.

€(2) FAIZR KEETING THE MATERIAL REQUIREMENTS OF ITEM 204,
TSPRINKLINC®.

£3) QASPRALYT MEETING THE mxwms OF ITEM 300, "ASPMALTS, OILS
ARD EXULSIONS.

3. SIRENGTH REQUIREMENT. WHEXK TESTED IS ACCORDARCE WITH TEST MEITHOO
TEX~117-E, THE TRIAXIAL CLASS SHALL MOT BE LESS THAN CLASS 1.0.

1-4 2011.900
12-94

TAKEN IK THE SHADE AND AWAY FROM ARTIFICIAL HEAT AND WITH
FURTHER PROVISION THAT FLY ASK BASE SHALL BE KIXED OR FLACED
ONLY WHEN WEATHER CONDITIONS [N THE OPINION OF THE ENCINIER ARY
SUITABLE FOR SUCH WORK.

{4) CONSTRUCTION JOIKTS. IF A ROAD SECTIOM IS NOT COMPLETED AT THE
END OF A COMSTRUCTION DAY, A STRAIGHT TRAMSVERSE CONSTRUCT ION
JOINT SHALL BZ FORMED BY CUTTING BACK INTO TRE COMPLETED WORK
TO FORM A VERTICAL FACE.

{5) COMPACTION. UNLESS OTHERWISE SHOWN OF THE PLANS, THE FLY ASK
BASE SHALL BZ SPRINKLED AS REQUIRED ARD COMPACTED TO A DEHSITY
OF MOT LESS THAM 95 PLRCENT OF COMPACTION RATIO DENSITY, TEST
HETHOD TEX~11]-£ ARD SHALL BE CRECKED IN THE FIELD B8Y TESY
METHOO TEK-11S-E. THE KUISTURE CONTENT OF THE MIXTURL DXURINC
COMPACTION OPERATIONS SKALL BE MAINTAINED WITHIH K RARGE FROM
OPTIMUM PERCENTAGE TO TWO (7] PERCENTACE POINTS ABOVE OR 3.5
PERCENTACE POINTS BELOW THE OPTIMUM PERCENTAGE OF WITHIN TXE
RANGE DIRECTED BY THE EMGINELR. IF THE OSTAIMLO DENSITY DOLS
NOT SATISFY REQUIREXHENTS, R SMALL PAXKE ADJUSTHENTS
IX ROLLER WEIGHT, LIFT THICENESS OR MATERIAL MOISTURE LEVEL OR
REPLACE THE MATERIAL IK QUESTIOE. TXE HATERIAL SHALL ROT B
COMTACTED UNTIL THE NECESSARY SNAPE AXD TXICKSESS HAS BLEN
ACHIEVED BY CRADING. WHEN ADDITIONAL LIFTS ARE MECESSARY, THE
EXISTINC LAYER SHALL BE LICHTLY SPRINKLED PRIOK IO PLACING THE
ADDITIONAL CODRSES.

[£3] . AFTER THE FINAL COURSE OF THE FLT ASH BASE, EXCEPT
Ti\t TOP MUICK, IS COMPACTED, THE SURFACE SHALL BE FINISKED TO
GRADT AND SECTION BY BLADING AXD SHALL BE SEALED WITH APPROVED
PNEUNATIC TIRE ROLLERS. WHEN UIRECTED BY THE ENCINEER, SURFACE
FINISKING METRODS MAY BE VARIED FROM THIS PROCECURE PROVIDED A
DENSE UNIFORM SURFACE IS PROGUCED AND FURTKER PROVIDED THAT TXE
CONSTRUCTION OF COMPACTION PLANES IS AVOIDED. UNLESS OTHERWISE
SKOWX O PLAKS, ( HORE THAN $0 HIRUTES SHALL
BETWEEN THE SYART OF AND THE TIME OF &
COMPACTION OF THE FLY ASH
THE KIXTURE OF FLY

{3 ALL FINISHINC OPERA
PERIDD OF FIVE {5) HOURS AFTER

N

3-4 2011.000,
1294

CONSTRUCTJON, HETWODS.

1) m- IT IS TXE FRIMAKY REQUIKEMENT OF TNIS SPECIPICATION
SECURE A COMPLETED RASE COURSE OF TLY ASK SASC ONITORMLY
mm TO TRE SPECIFIED OENSITY WITK MO LOOSE

TOROUGHOUT I1TE fULL ASLE
FOR PLACING A SURFACE COUKSE. [T SBALL 8K TWL RESPORSIRILITY
OF THE CONTRACTOR TQ ROCULATE THE SEQUINCE OF MOSK, MAIMTAIN
THE WORK, AND REWORE THE COURSES AS RECESSARY 10 MCET THE
REQUIREMENTS OF THIS SPECIFICATION.

€23 or v . TEE ROADSED SHALL 8C EXCAVATED AMp

SKAPED IN CORKFORMITY MITH THE TYPICAL SECTIONS SHOMK OH THE
PLAKS TO THE LINES AXD CRADES ESTABRLISKED 8Y THE EMCINREER. ALL

KALL BE FIMISHED 70 LINLS W CRADES AS ESTARLISKED
AND SHALL BE IN CONFORKITY WITE THE TYPICAL SECTIONS ENOWN O
THE PLAKS. A SUBGRADE FLANER MAY BE USED. AKY DEVIATION 1IN
E£XCESS OF ONT-HALY INCK IX CROSS SECTION OF ONE-EALF INCH IN A
LENGTH OF 1€ FEET HEASUKED LOMCITUDINALILY SHALL KE CQORRECTED BY
LOOSENING, ADDING OR REMOVING KATERIAL, RESHAPING AND
RECOUEALTING BT SPRINELING AND ROLLING. SUFFICIERT SUBCRADE
SKALL BE PAEPARED IN ADVANCE TU INSURE SATISFACTORY PROSECUTION
©OF THE WORK. MATERIAL EXCAVATEC I¥ PREPARATION OFf THE SUBGRADE
SHALL BE UTILIZED IN TKE CORSTROCTION OF ADJACERY SNOULDERS AND
SLOPES OR OTHERKISE DISPOSED OF AS DIKECTID BY TEE ENCINEER.
WORK REQUIRED FOR PREPARATION OF SUB wILL BE D AND
rAlD FOR UROCE ITEM 110, “EXCAVATION" AND ITEM 132,

OR IN ACO E WITH THE PROVISIONS OF OTHER
APPL!CABUE BID ITEMS. .

{3) PIAGING. THE FLY ASN BASE SKALL BE PLACED IN UNIFORN LAYERS ON

THE PREPARED SUBGEADE TO PRODUCE THE DEPTH SPECIFIED ON THE
PLANS. THE MATERIAL SHALL BE CONSOLIOATED MITHK ROLLERS CAPABLE
OF COMPACTING FROM THE BUTTON UP, THE DEPTH OF LATERS SNALL BE
AS APPROVED BY THE ENCINEER. TO INSURE NOMXENEOCS
DISTRIBUTION OF THE FLT ASK SASE MATERIAL I LACK LATER, THE
MATERIAL SKALL BE PLACED USIMG AN APPROVED SPRCADCR.

SPREADING OPERATIONS SHALL BE DOME 1M SUCK A MANNEX AS TO
ELIMINATE KESTS OR POCKETS OF HATERIAL OF NONUNIFORM CRADRTION
RESULTING FROY SELCREGATION INK THE KAULING OR DUMPING OPERXTIONS
AND IR SUCHK A MANKIR AS TO ELIMINATE PLAKES OF WIAKRESS,

THE FLY ASK BASE SHALL NOT BE PLACED WKEN THE AIR TEHPERATURE
IS BELOW 40 £ AND IS FALLIRG, BUT HAY BE PLAJED WKEN THE AIR
TEMPERATURE IS ABOVE 335 F, AND IS RISING, THE TEMPLRATURE BEINC

2-¢ ! 2031.000
12-94

(8) JIRAIFIC. THE FLY ASK BASE SHALL BE OPENED 90 TRAFFIC AS
SPECIFIED ON TKE PLAKS OR AS DIRECTED §Y THL ERGINEER.

KIEK -

THE CONTRACTOR WILL BE REQUIRED WITNIN THE LINITS OF KIS CORTRACT I
MAINTAIN THE FLY ASH BASE IN ©OOD CONDITION UNTIL ALL WORK HAS BEEN
COMPLETED AND ACCEPYED. MAINTEMANCE SHALL INCLUDE IMMEDIATE REPRIR
OF ANY DEFECTS THAT KAY OCCUR. THIS WORK SKALL BE DOME BY THE
CORTRACTOR AT HIS LHTIRE EXPENSEL AND SKALL Bf REPEATED AS OFTEN AS
MAY BE HECESSARY TO KEEZP THL AREA CONTINVOUSLY INTACY. RCPAIES TO
FLY ASH BASE SHALL BE EFFECTED BY REPLRCING THE FLY ASH BASE FOR ITS
FULL DEPTK RATHER THAN BY ADOING A THIN LAYER OF FLY ASH BASE TO THE
LAYER OF BASE IN NEED OF REPAIR.

HEASUREMENT. THIS ITEM ®ILL BE KLASURED BY THE CUBIC YARD IN THE
COMPLETED AND ACCEPTED FINAL POSITION. THE VOLIME OF BRSE COURSE
WILL BE COMPUTED IN PLACE BETWEEN THE ORICINAL SUSCRADE OR SUBBASE
SURFACES, AND THE LINES, CRADES AND SLOPES OF THE ACCEPTED BASE
COURSE AS SHOWH ON THE PLANS BY THE METHRGO OF AVERAGE END AKELAS.

THIS IS A PLAN QUANTITY MEASUREMENT ITEM AND THE QUANTITY 10 BE PAID
FOR WILL BE THAT QUANTITY SHOWN IN THL PROPOSAL AND ON THEL “ESTIMATE
AND QUANTITY" SKEET OF THE CONTRACT PLANS, £XCEPY AS MAT BE HODIFIED
BY ARTICLE $.8. IT NO ADJUSTHENT 1$ REQUIRED, ADOITOMAL
HEASUREHENTS OR CALCULATIONS WILL NOT BE REQUIRED. NO PATMENT WILL
BE MADE FOR THICKKESS OX WIOTK EXCEEDING THAT SHOMX ON THE TYPLCAL
SECTION OR PROVIDEZD OX THE PLANS.

PATHENT. THE WORK PERFORMED AND MATERIALS FURNISHED IN ACCORDANCE
WITH TKIS ITEX AND MEASURED AS PROVIDED UNDER “HEASUREMENT* WILL BE
PAID FOR AT THE UNIT PRICE BID FOR "FLY ASH BASZ (DENSITT CONTROL)™
OF THE DEPTH SPECIFIED.

THIS PRICE SHALL BE FULL COMPENSAYION FOR SECURING AND FURNISKING
ALL MATERIALS; INCLUDING ALL ROYALTY, FREIGCHT AND STORACE INVOLVED;
POR ALL PROCESSING, CRUSHING AND LOADING: FOR ALL HAULING,
PELIVERING, STOCKPILIKG, PLACING, SPREADING, BLADING, MIXING,
STRIPFING, DRACCINC, FINKISKING, CURING AND MAINTAINING; FOR ALL FINE
CRADING; FOR WETTINC AXD COMPACTING AMD ALL MANIPULATION, LKBOR,
TOOLS AND ISCIDENTALS MECESSARY TO CONPLETE THE WORK.

4-¢ R 2011.900
12-94

Figure 13. Special Specification Item 2022, Fly-Ash
Base with Recommended Deletions
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	IMPLEMENTATION STATEMENT 
	IMPLEMENTATION STATEMENT 
	'Ibis report contains recommendations aimed at solving a problem experienced in the Atlanta District with hydrated fly ash used as a base material: asphalt surface treatments did not bond well to the fly-ash base. TxDOT personnel ascertained that potential causes for the lack ofbond was tied to the type ofprime used (MC-30), the degree of curing in the fly ash base and the high optimum moisture content. The laboratory effort in this study indicates that the MC-30 (in addition to other prime materials evalua
	The six test pavements of fly-ash base which are being monitored in this study are performing well thus far. However, some ofthe nondestructive testing (FWD and GPR) show the need for continued monitoring. It is recommended that the pavements be monitored for the additional three years as scheduled in this study. 
	Ifany additional projects are constructed using hydrated fly ash as the base material (prior to completion ofthe research study), its use is recommended on pavements that do not have heavy truck traffic (until more is understood about this base material). 
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	The contents ofthis report reflect the views ofthe authors, who are responsible for the facts and the accuracy ofthe data presented herein. The contents do not necessarily reflect the official view or policies ofthe Texas Department ofTransportation (TxDOT) or the Federal Highway Administration (FHWA). This report does not constitute a standard, specification, or regulation, nor is it intended for construction, bidding, or permit purposes. 
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	SUMMARY 
	SUMMARY 
	A laboratory study was conducted to evaluate the bond strength ofsurface 
	treatments to hydrated fly-ash base materials. Variables in the experiment included (1) type 
	ofprime material, and (2) curing condition forthe base material. Tests used to evaluate the 
	bond strength included a torsional shear test, a South African durability test, and a 
	visuaVsubjective evaluation. 
	Based on the laboratory study, no obvious solution was identified as to the cause of 
	the surface treatment not bonding to the base material. The laboratory study showed that it 
	is possible to develop a good bond ofthe surface treatment to the hydrated fly-ash base 
	using various types ofprime materials, including MC-30. Inadequate bond ofsurface 
	treatments to hydrated fly-ash base materials is probably not attributable to the type of 
	prime material used. 
	Researchers believe that adequate curing ofthe base prior to application ofthe surface treatment may be the key to achieving a good bond. Since the hydrated fly ash base develops strength with time, it is important not to trap excess moisture in the base which could cause a strength reduction near the surface. Construction recommendations and specification changes are provided in the report. 
	Visual evaluations in 1998 showed that all six test pavements are still in very good condition. The 1998 falling weight deflectometer (FWD)D data were compared to that taken in 1997. There is no indication ofany weakening ofthe base materials with time. 
	Ground penetrating radar (GPR) surveys ofall six test pavements indicate a very high dielectric constant for the fly-ash bases. Values ofthis magnitude typically indicate the presence ofexcessive amounts ofmoisture and would generally warrant concern. However, optimum moisture content for these pavements was as high as 35%; therefore, these high dielectric constants may not necessarily be cause for alarm. 
	This document covers the second evaluation which occurred in the spring of 1998. Annual evaluations are scheduled for the next three years. 
	BACKGROUND 
	BACKGROUND 
	Hydrated fly ash is produced by allowing powder fly ash (Class C) from coal power 
	plants to cure with moisture. The hydrated (cured) fly ash becomes a stiff material that can 
	be crushed to form a synthetic aggregate. When properly processed and compacted to 
	optimum moisture content, the hydrated fly ash continues to gain strength after placement 
	as a base material (1). 
	The Atlanta District constructed six pavement sections in 1993 through 1995 using 
	hydrated fly ash as the flexible base material. District personnel are pleased thus far with 
	the performance ofthis industrial by-product as a base material; however, its long-term 
	performance is in question. And while performance of the material as a base has been 
	acceptable, problems were encountered with surface treatments separating from the base 
	course. This research project was initiated to evaluate and monitor performance and 
	changes in material properties for these six pavements through the year 2001. Evaluation 
	ofperformance shall be based on the following types of data: 
	• 
	• 
	• 
	visual evaluations ofsurface distress, 

	• 
	• 
	nondestructive field testing (falling weight deflectometer, as a minimum), and 

	• 
	• 
	compressive strength offield cores. 


	Also included in this study is a laboratory investigation into the cause and cure for the failure ofthe surface treatments on the hydrated fly-ash base courses. 
	History 
	History 
	The Atlanta District first began evaluating crushed fly ash in 1990. The district laboratory's initial investigation ofthe material found that the following material properties for the fly ash: 
	• 
	• 
	• 
	Triaxial Classification -Super Class 1, 

	• 
	• 
	Unconfined compressive strength: 220 psi, 

	• 
	• 
	Dry loose unit weight: 68.0 lb/ft, 
	3 


	• 
	• 
	Compacted dry density at optimum moisture of28.6%: 85.5 lb/ft3, 

	• 
	• 
	Los Angeles Abrasion: 47, and 

	• 
	• 
	5 Cycles offreeze-thaw (15 hours freeze-thaw at room temperature for 9 hours) showed no damage and no volume change. Based on promising test results from the laboratory investigation, the district 


	worked with Southwestern Electric Power Company (SWEPCO) to construct a test section 
	for the power plant haul road. This was a successful venture and performance ofthe 
	pavement was promising, which led to the construction of six test pavements throughout 
	the district and are the subject of this study. 
	A description ofeach ofthe six test sites, their locations, and typical cross sections are presented in Table I. At the time these pavements were constructed, the final surface for all ofthe pavements (except the IH-20 frontage road which was designed for a surface treatment followed by an asphalt concrete surface course) was to have been a one/two course surface treatment directly over the primed fly-ash base. However, there were several problems that occurred soon after placement ofsurface treatments wher
	Researchers interviewed contractors and district personnel in an attempt to identify potential construction practices/techniques which could have contributed to this phenomenon; however, no prominent solution could be identified. Therefore, researchers implemented a laboratory investigation aimed at identifying the cause ofthese types of failures. This laboratory investigation is described in the following chapter. 
	2 
	Table 1. Test Site Descrtions 
	ip

	w 
	Roadway County Project Location Project Job Typical Pavement Length Designation Completion Cross Section From To Date LP 390 Harrison 2.5 mi US 59 in Marshall 0.3 mi S. of 1575-05-005 12/10/93 Grade 4 Seal Coat SH43 STP92(7)UM 2.0 in. Type C Hot Mix MC-30 Prime 10.0 in. Fly-Ash Base 8.0 in. Lime/FA Subgrade IH20 (FR) Harrison 3000 ft LO mi E. of Gregg Co. Line 0.6 mi W. of 0495-08-056 7/13/94 2.0 in. Type C Hot Mix Loop 281 cc 495-8-56 One-Course Surface Trt. MC-30 Prime l l.O in. Fly-Ash Base 8.0 in. Lime/
	Figure


	LABORATORY INVESTIGATION OF SURFACE TREATMENT BONDING TO FLY-ASH BASE 
	LABORATORY INVESTIGATION OF SURFACE TREATMENT BONDING TO FLY-ASH BASE 
	Descriptions ofthe problems encountered when asphalt surface treatments were placed on crushed hydrated fly-ash bases indicate the potential for at least two types of failure mechanisms. Either or both ofthese mechanisms could have detrimental effects on the interface between the base and the surface treatment. These are described below: 
	1. 
	1. 
	1. 
	The high moisture content required for optimum compaction ofthe crushed fly ash may not have a chance to escape and moisture might accumulate in the upper portion ofthe base weakening the base material near the interface. As in concrete, where excess water creates a high water cement ratio (and lower strength), excess moisture in this type ofstabilized base might also cause a strength reduction. 

	2. 
	2. 
	Another factor which might contribute to the surface treatment failure is the type ofmaterial used for a prime. Some have reported that oil (diesel or kerosene that is present in some prime materials) will prevent a cementitious bond (cement, lime, or fly ash) from occurring. 


	These two mechanisms working together could have had a detrimental effect on the interfacial bond between the base and the surface treatment. Decreased bond strength could result in complete failure ( delamination) at the interface due to traffic (particularly braking or turning) or water vapor pressure. 
	Researchers designed a laboratory experiment aimed at measuring the effects of these mechanisms in the laboratory under controlled conditions that simulated field conditions as closely as possible. 
	Torsional Shear Test The test procedure which was chosen to evaluate the bond strength between the prime material and the hydrated fly-ash base was a torsional shear test. This laboratory 
	procedure was developed by Mantilla and Button (2) and was used to.quantify interfacial strength at the prime coat interface. Cylindrical samples are molded in 6-inch diameter molds. The molds are fabricated in two sections to accommodate shear testing at the primed interface between the base and the pavement layer (Figure 1 ). An MTS torsional shear machine was used to test the samples. The torque-twist plots ofeach were recorded and a typical plot is shown in Figure 2. 
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	Figure
	Figure
	Figure I. Diagram ofCylindrical Molds Fabricated to Accommodate Torsional ShearTesting at the Primed Interface B-etween the Asphalt Surface Treatment and the Hydrated Fly-Ash Base 
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	Materials and Sample Preparation 
	Materials and Sample Preparation 
	Samples ofhydrated fly-ash base material were obtained from the Welsh Power Plant in Cason, Texas, and brought back to Texas Transportation Institute's, TTI, laboratory for experimentation. An optimum moisture-density curve as shown in Figure 3 yielded an optimum moisture content of28.5% with a dry density of82.0 lb/ft3. 
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	Figure 3. Optimum Moisture-Density Curve for Hydrated Fly-Ash Base 
	Figure 3. Optimum Moisture-Density Curve for Hydrated Fly-Ash Base 
	Samples ofthe hydrated fly-ash base material were compacted at optimum moisture content in 6-inch diameter molds. The samples were cured according to the conditions described in the experiment design below. The samples were then primed using one ofthe prime materials listed below. Prime application rates were 0.18 gal/ydfor the MC-30 and 
	2 

	0.22 gal/ydfor the emulsions. The emulsion samples were diluted one part emulsion to three parts water. Base samples were cured again according to the conditions described in the next section. An AC-1 O/Grade 4 surface treatment was then placed on top ofthe samples to simulate field conditions. For those samples where seal coat grade emulsions 
	2 

	7 
	were used as the prime (CRS-2 and HFRS-2p), the same emulsions (not diluted) were also 
	used to construct the surface treatment. 
	The specimens were again allowed to cure according to various conditions described below. The upper halfof the mold was attached to the lower halfwith the base material. Spacers were placed between the two halves to create a 0.1 inch space at the point ofshear. This was designed to apply a shear force at the primed interface between the base and the asphalt seal. After curing, hot-mix asphalt was compacted in the top portion ofthe mold. The hot-mix asphalt layer in the upper halfofthe mold was bonded to the
	Experiment Design There were two types ofvariables which were investigated in this laboratory experiment: (1) priming materials, and (2) curing conditions. The priming materials which were used in this experiment were selected in cooperation with district personnel and included the following: 
	• 
	• 
	• 
	No Prime (control); 

	• 
	• 
	MC-30 (Lion Oil Company, El Dorado, Arkansas); 

	• 
	• 
	SS-1 (Ergon Asphalt and Emulsions, Mt. Pleasant, Texas); 

	• 
	• 
	CRS-2 (Ergon Asphalt and Emulsions, Mt. Pleasant, Texas); 

	• 
	• 
	HFRS-2p (Ergon Asphalt and Emulsions, Mt. Pleasant, Texas); and 

	• 
	• 
	• 
	EPR-1 (Blacklidge International, Houston, Texas). 

	There were three types ofcuring conditions which were simulated in the laboratory: 

	• 
	• 
	Curing Condition 1 was an attempt to simulate field practice. The base samples were cured for 24 hours after the base was compacted. The primed base was cured an additional 24 hours prior to application ofthe surface treatment and then tested 


	8 
	the following day. 
	• 
	• 
	• 
	Curing Condition 2 was the same as the first condition except that the base was 

	TR
	cured for 72 hours prior to applying the prime (to allow a chance for some ofthe 

	TR
	moisture to escape). 

	• 
	• 
	Curing Condition 3 was the same as the first condition except that the primed base 

	TR
	was allowed to cure for 72 hours prior to application ofthe surface treatment. 

	TR
	Note: All curing took place at 104°F. 


	The above variables provided for a 3 x 6 full factorial experiment and a total of three samples for each condition were produced, except that the control specimens which had no prime were tested under curing conditions 1 and 2 but not 3 (since there was no prime added). For the Control specimens cured under condition 2, the base samples were simply cured 72 hours prior to application ofthe surface treatment. A total of 51 samples was produced. Two ofthe samples at each factor were tested using the torsional

	Torsional Shear Test Results 
	Torsional Shear Test Results 
	Results ofthe torsional shear strength tests are shown below in Table 2. A statistical analysis was performed to analyze the data in this table. Results ofan analysis of variance revealed that there is no statistical difference between the different curing conditions and no significant difference in the priming materials. A visual plot ofthe data in Table 2 is shown in Figure 4. In this figure, each bar represents the mean ofthe two values shown in Table 2 . As in the statistical analysis, this plot also do
	9 
	Table 2. Laboratory Test Results of Torsional Shear Test 
	Torsional Shear Strength, lbf-in 
	Torsional Shear Strength, lbf-in 
	Torsional Shear Strength, lbf-in 

	Priming Materials 
	Priming Materials 
	Curing Condition 1 Current Practice (prime wlin 24 hrs and test wlin 24 hrs ofpriming). 
	Curing Condition 2 Cure Base for 72 hrs prior to applying prime then apply surface treatment and test wlin 24 hrs. 
	Curing Condition 3 Applyprime within 24 hours ofbase construction but allow prime to cure for a few days before testing. 

	MC-30 
	MC-30 
	1103.7 992.2 
	1098.4 734.6 
	997.5 965.6 

	EPR-1 
	EPR-1 
	1111.7 971.0 
	988.7 901.9 
	1094.9 955.0 

	HFRS-2p 
	HFRS-2p 
	1181.6 913.4 
	1294.9 1293.1 
	1093.1 974.5 

	SS-I 
	SS-I 
	989.5 731. I 
	977.2 1134.7 
	929.4 1094.9 

	None 
	None 
	932.9 1157.7 
	930.2 1106.4 
	None. Same as Condition 2 (since no prime was applied). 

	CRS-2 
	CRS-2 
	1118.8 1357.7 
	1065.7 1089.6 
	1007.2 894.0 


	1400 c 1200 :;!: ..0 1000 ..c_. Cl 800c (].) ......... (/) 600 «! c 0 400"Ci) ..... ~ 200 0 
	MC-30 EPR-1 HFRS-2p SS-1 CRS-2 None Prime Material ocuring Condition 1 •Curing Condition 2 •Curing Condition 3J 
	I

	Figure 4. Torsional Strength at Interface of Different Types ofPrime and Fly­Ash Base Cured Under Different Conditions 
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	A typical photograph oftwo ofthe failed specimens is shown in Figure 5 below. This photo shows the specimens for the CRS-2 prime material and curing condition 1. As shown in the photograph, failure occurred just below or at the interface ofthe prime and the base material. Note that the shorter specimens in front were sheared from specimens in back, i.e., failure plane is shown in photograph. 
	Figure 5. Failed Torsional Shear Test Specimens -CRS-2, Curing Condition 1. 
	As mentioned previously, one sample for each ofthe priming materials/curing conditions was not tested but was visually and subjectively evaluated. Using tools such as a knife and spatula, attempts were made to remove the seal from the base material by hand. In the field, when some ofthese pavements were constructed, the bond ofthe surface treatment to the underlying base was so poor, the surface treatment could literally be peeled from the pavement. In the laboratory study, however, the surface treatment se
	South African Durability Test 
	South African Durability Test 
	Since the torsional shear test experiment did not show any differences in the 
	variables examined in the experiment, researchers tried to incorporate the effects oftraffic 
	into an experiment. It was postulated that perhaps traffic on the seal might cause damage at 
	the interface ofthe seal ifthe base had not yet developed its full strength. TTI's South 
	African Durability Test was used to simulate traffic. 
	For this test the hydrated fly ash was compacted into a beam mold (17. 7 in x 3.0 in x 3.0 in) in three equal layers. Each layer was compacted with 56 blows using the modified compaction method (ASTM D 1557). A static load of 10,000 lb was applied and cycled five times to provide maximum density and a smooth, finished surface. The beam was removed from the mold and then subjected to accelerated curing by placing it in a sealed chamber (with about 2 oz ofwater) and storing it in a 160°F room for seven days. 
	The molded beam was then placed in the water bath ofthe erosion testing device. It was allowed to soak for 1.5 hours prior to testing for durability. It was then subjected to 5000 wheel load repetitions. 
	At the end ofthe test, none ofthe test specimens showed any degradation. Keep in mind, however, that the test was performed after the fly-ash base was cured (a condition which may not always exist in the field). This was necessary because the conditions ofthe test require that the specimen be trimmed or cut using a diamond blade saw and this could not have been done on an uncured specimen. This test does, however, indicate that there were no apparent problems with the surface-treatments after the base was f
	12 

	Efflorescence 
	Efflorescence 
	Efflorescence is a crystalline deposit ofwater-soluble salts that sometimes appears on the surface ofbrick masonry. The result ofthis phenomenon has been seen on the hydrated fly-ash base materials: both on unsurfaced as well as asphalt-surfaced bases. Although efflorescence on brick masonry is unsightly, it is usually not harmful (3). 
	Efflorescence occurs when water-soluble salts in solution are brought to the surface and deposited there by evaporation. Certain simultaneous conditions must exist in order for efflorescence to occur. Soluble salts must be present in the system. There also must be a source of water in contact with the salts for sufficient time to permit them to dissolve. There must be migration of salt solutions to the surface in an environment which allows evaporation. 
	Some have postulated that the efflorescence which is appearing on the surface of the pavement is actually the active stabilizing agent in the fly ash which is leaching to the surface. Ifthis is the case, one would expect that under wet conditions, the base might be losing strength. Field information collected thus far in this study, however, does not indicate that the base materials are losing strength. 
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	Figure
	VISUAL CONDITION SURVEYS 
	In this research study, visual condition surveys are performed annually on all six test pavements in late spring. The most recent survey was performed during the last week of April in 1998. The manual survey was conducted in accordance with the procedures set up for a SHRP L TPP distress survey ( 4 ). In addition to measuring the quantity ofeach distress at each severity level, a map showing the location ofcrack-distress was also produced. 
	Loop 390 
	This project begins at US 59 in Marshall and extends to 0.5 km south ofSH 43. 
	The total length ofthe project is about 4.0 km. For visual condition surveys, the project 
	was evaluated at 13 locations (200 ft survey length per location) in the eastbound travel 
	lane. In 1997 there were three types ofdistress beginning to be evident on Loop 390: 
	alligator cracking, a slight flushing ofthe seal coat surface, and rutting. However, between 
	the 1997 and 1998 evaluations, a Grade 4 chip seal was placed on the surface so there is no 
	longer evidence of alligator cracking at this time. Quantities ofdistress at each survey 
	location are shown below in Table 3. 
	The surface is exhibiting a slight amount offlushing at some locations. Some locations also showed a slight increase in rutting depths from the previous year; however, overall the pavement is in good condition. 
	IB-20 Frontage Road 
	The IH-20 Frontage Road project begins 0.9 miles east ofthe Gregg Co. Line and continues eastward for 3000 feet. This pavement is in very good condition. Raveling which was observed in 1997 had not progressed any further in 1998. There were some isolated spots of alligator cracking as shown in Table 4. The project was evaluated at three locations (200 ft length at each location) in the eastbound lane. The quantity ofdistress present at each location is shown in Table 4. 
	15 
	Table 3. Loo 390 Distress 
	Location (each Alligator* location Cracking, sq ft represents a 200 ft length) 2 3 4 5 6 7 8 9 IO 11 12 13 Flushing, sq ft Rutting, in 1998 0.3 0.3 0.1 0.1 0.3 0.6 0.5 0.4 0.4 0.1 0.1 0.1 0 
	Severity Levels: (s) slight, (m) moderate. 
	* A Grade 4 Seal Coat was constructed on the pavement between the 1997 and 1998 evaluations. Table 4. IH 20 Fronta e Road Distress 
	Location (each location represents a 200 ft length) Core Location I 2 Core Location 2 3 Core Location 3 Raveling, sq ft 1998 43 (s) 54 (s) 43 (s) Alligator Cracking, sq ft 1998 5 (s) 3 (s) 0 
	Severity Level: (s) slight, (m) moderate. 
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	SH154 
	This project is located in Diana beginning 0.1 mi east ofUS 259 and extending to 
	0.5 mi east ofUS 259. The entire length ofthis pavement was visually evaluated in the westbound lane. The primary distress of interest on this pavement is some slight transverse cracking. These cracks are beginning in the shoulder and most have not progressed all the way across the main lanes oftravel; however, the cracks are very evenly spaced (every 12 to 13 ft) and might be attributable to shrinkage ofthe fly-ash base. A summary ofthe distress is shown in Table 5 below. Note that there is no appreciable 
	Table 5. SH 154 Distress 
	Location 
	Location 
	Location 
	Transverse Cracking in 
	Longitudinal Cracking 

	(beginning at east 
	(beginning at east 
	westbound lane, 
	in westbound lane, linear 

	end of project) 
	end of project) 
	linear ft 
	ft 

	TR
	1998 

	0 -200 ft 
	0 -200 ft 
	0 

	TR
	0 

	TR
	0 

	600-800 ft 
	600-800 ft 
	0 

	800-1000 ft 
	800-1000 ft 
	7 (s) 

	(2nd core location) 
	(2nd core location) 

	l 000 -1200 ft 
	l 000 -1200 ft 
	38 (s) 
	36 (s) 

	1200 -1400 ft 
	1200 -1400 ft 
	0 
	0 

	1400 1600 ft 
	1400 1600 ft 
	-

	0 
	0 

	1600 1800 ft 
	1600 1800 ft 
	-

	0 
	0 

	(3rd core location) 
	(3rd core location) 

	1800 -2000 ft 
	1800 -2000 ft 
	44(m 
	22(m) 


	Severity Level: (s) slight, (m) moderate. 
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	FM 1326 
	The FM 1326 project begins about 3.0 mi north of US 82. It was constructed by district maintenance forces and is about 400 feet in length. The entire length ofpavement (both lanes) was evaluated visually. No distress ofany kind was evident in the seal coat surface. 
	FM1520 
	The FM 1520 project is located in Camp County and begins 0.1 miles east of Pickett Spring Branch extending to FM 1521. Its total length is about 7800 feet. This project was visually evaluated at eight locations as shown below in Table 6. There was virtually no change in the condition of the pavement from 1997 to 1998. 
	Table 6. FM 1520 Distress 
	1998 1000 (slight) 1200 (slight) 1500 (slight) 320 (slight) 0 0 0 0 
	Location (each location represents a 200 ft length) 
	2 
	3 
	4 
	5 
	6 
	7 8 
	FM560 
	The FM 560 project is located near Hooks and begins at Barkman Creek and Relief and extends north for 2300 feet. The primary distress evident on this pavement is a moderate amount of flushing in the wheelpaths. The surface treatment under the hot-mix overlay was constructed using a multi-grade asphalt (IOW30) and appears to be flushing through the hot mix to the surface. There was also a very slight amount ofcracking in the 
	The FM 560 project is located near Hooks and begins at Barkman Creek and Relief and extends north for 2300 feet. The primary distress evident on this pavement is a moderate amount of flushing in the wheelpaths. The surface treatment under the hot-mix overlay was constructed using a multi-grade asphalt (IOW30) and appears to be flushing through the hot mix to the surface. There was also a very slight amount ofcracking in the 
	northbound lane. At about 1500 feet north of where the project begins (Barkman Creek), four transverse cracks appeared in the center of the northbound lane in 1997. Each crack was less than three feet in length. There was also one longitudinal crack five feet long. In 

	1998 there was a bit more cracking as shown in Table 7 below; however, the pavement is still in very good condition. The project was evaluated at three locations (200 ft length at each location) in the northbound lane. The quantity of distress present at each location is shown below in Table 7. 
	Table 7. FM 560 Distress 
	Transverse represents 200 ft in 
	Location (each location Flushing, sq ft Longitudinal Cracking, length) 
	Cracking, linear ft 
	linear ft 1998 
	23 (s) Core Location 1 
	2 IO (s) Core Location 2 
	3 0 Core Location 3 
	Figure
	Severity Level: (s) slight, (m) moderate. 
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	Figure



	FIELD CORE AND FIELD TESTING DATA 
	FIELD CORE AND FIELD TESTING DATA 
	Attempts were made to obtain three cores from each ofthe six test pavements. 
	Laboratory staff from the Atlanta District performed the coring operations using district 
	coring equipment Water was used to cool the bit during the coring operations. It was not 
	possible to obtain as many cores as desired because, in some cases, the cores were not 
	retrievable. They broke into pieces when attempting to remove them from the pavement or 
	core bit. 
	ITI performed unconfined compressive strength testing on the field cores. Plaster was used to cap the ends ofthe specimens prior to testing. For unconfined compressive strength, it is desirable to have a sample length (L) to diameter (D) ratio of at least 2. However, some ofthe cores were very short and LID ratios varied from 0.76 to 2.2. Adjustment factors were used to facilitate comparing cores ofdifferent thickness as described in Tex 418-A . These results are compared with last year's results in Figure 
	At the time the pavements were visually evaluated, falling weight deflectometer (FWD) testing was also performed by the Atlanta District personnel. The FWD is a test which nondestructively measures stiffness and relative deflection ofthe various layers ofa pavement system. A load which simulates a truck load is applied to the pavement through a 12 inch diameter load plate. Pavement deflection is measured by geophones placed at various distances from the plate, yielding a "deflection bowl." Deflection magnit
	Moduli values ofthe pavement layers were calculated using the TII Modulus Analysis System (Version 5.1). Results ofthe analysis are presented in Tables 8 through 
	13. Ofparticular interest for this project is the moduli values for the base (E2). TII experience has shown that for stabilized bases, moduli values between 145,000 and 500,000 psi are optimum in terms of field performance. Bases with moduli values between 
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	Figure
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	Highway Cores 
	Figure 6. Unconfined Compressive Strength of Highway Cores 
	Table 8. FWD Data Analysis -Loop 390 
	Table 8. FWD Data Analysis -Loop 390 
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	TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORTl (Version 5. ll ------------------------------------------------------------------------------------------------------~----.. --.. ------
	. 
	-

	District: 19 
	MODULI Thickness(in) Minimum Maximum Poisson Ratio Values Pavement: 2.00 199,980 200,020 Hl: PR= 0.35 
	103 
	SL0390 

	Base: 10.00 30.000 500.000 H2: PR 0.30 
	Subbase: 8.00 5.000 500.000 H3: PR -0.25 
	Subgrade: 207.50 15.000 H4: PR • 0.40
	_______________________________ " ____ 
	~------~---------------------------------------------------------------------.. -----Station Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to ft Clbsl RI R2 R3 R4 R5 R6 R7 SURFCEll BASECE2l SUBBCE3l SUBGCE4) ERR/Sens Bedrock 
	-

	------....... _., ________ -------------
	-

	-----------------------·---------~-------------------------------------------------.. 
	114.000 2.26 
	11.341 22.24 14.74 8.50 5.17 3.30 
	~ 

	1.69 200. 126.4 5.4 17.8 3.13 158.23 
	642.000 11.341 8.36 5.48 3.37 2.39 1.65 1.11 0.78 200. 450.8 29.5 34.0 2.26 155.71 
	1171. 000 12 .139 14. 70 8.60 4.08 2.49 1. 75 1.35 1.11 200. 147.4 18.l 33.8 1698.000 11. 086 12. 76 9.33 6.91 4.96 3.48 2.57 1.86 200. 419.1 
	6. 99 226.18 

	18.l 14.5 0.60 209.38 
	2226.000 10. 991 11. 91 7. 71 4.19 2.59 1. 78 1.35 1.09 200. 222.3 16.3 30.2 2754.000 11. 023 10. 07 6.84 4.20 2.81 1. 97 1.46 1.05 200. 336.4 24.0 26.7 3.09 197.66 
	5.19 247.91 

	3281.000 11.317 11.34 7.46 4.80 3.38 2.57 2.04 1.59 200. 
	255.0 57.5 20.4 3.75 300.00 3811.000 10.630 16.27 9.82 5.90 3.71 2.63 2.02 1 59 200. 133.8 17.7 19.0 3.14 300.00 4338.000 10.701 15.95 8.71 5.19 3.72 2.84 2.17 1. 74 200. 101.2 58.6 18.1 
	w 
	N 
	4.50 300.00 

	12.222 17.80 8.58 4.74 3.33 2.57 2.08 1.67 200. 91.8 48.1 23.4 6.86 300.00 
	4634.000 

	4871. 000 11.110 20.32 11.09 5.52 3.65 2.64 2.00 1.53 200. 81.6 17.1 20.5 5.20 287.88 5394.000 11.130 14.45 9.41 5.65 3.57 2.40 1. 76 
	1.38 200. 200.0 12.9 22.5 2.81 211.66 5923.000 11 .793 11 .67 7.48 4.65 3.51 2.65 2.15 1.65 200. 224.2 80.2 20.7 4.43 300.00 6449.000 11.023 10.13 7.54 5.23 3.43 2.25 1.65 1.22 200. 500.0 10.4 24. 9 3.44 175.33 
	6980.000 11.202 8. 91 5.04 3.35 2.41 1.81 1.44 1.24 200. 240.3 134.7 29.4 2.96 300.00 7506.000 11,265 13.17 6.32 4.15 3.07 2.24 1. 71 1.33 200. 109.6 159.4 24.0 2.81 300.00 8035.000 11.269 15.69 8. 11 5.07 3.50 2.56 1.96 1.59 200. 106.4 59.7 20.7 2.95 300.00 8562.000 10.034 18.90 12.95 7.89 4.96 3.21 2.19 1.65 200. 150.8 5.1 16.4 2. 33 171.48 9093.000 11.162 10 .43 5.28 2.85 1.92 1. 38 1.05 0.85 200. 173.4 47 5 39.1 4.50 300.00 9677.000 11. 317 9.73 5.43 3.09 2.14 1.49 1.18 0.96 200. 229.9 49.0 35.9 3.92 26
	--------------------..... -----· __ ,. ___________________
	--------
	-

	---------------------------·--------.. -------~----------------·· 
	Mean: 13.60 8.28 4.88 3.21 2.24 1.67 1.30 200. 215.5 37.0 25.6 3.70 227.57 
	Std. Oev: 3.88 2.43 1.37 0.85 0.58 0.43 0.33 0. 113.1 38.3 6.7 1. 81 84. 37 
	Var Coeff(%): 28.52 29.31 28.19 26.51 25.99 25.95 25.73 0. 52.5 100.0 26.2 48.94 37.07 
	---------------·---•••••---------••w••--• .. -..... ---------------.................... 
	------------------------
	-


	---~---~----------~----
	-

	Table 9. FWD Data Analysis -IH 20 Frontage Road 
	Table 9. FWD Data Analysis -IH 20 Frontage Road 
	-------.. ----·--------------------------------------~-------*~---TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Version 5.1) ---~--·--------------------------------------------------------------------------------------------------------------~---
	-
	-

	District: 19 MODULI 103 Thickness(in) Minimum Maximum Poisson Ratio Values IH0020 Pavement: 2.00 199.980 200.020 Hl: PR= 0.35 
	Base: 11. 00 100.000 6.000.001 H2: PR = 0.35 Subbase: 8.00 20.000 700.000 H3: PR = 0.25 Subgrade: 45.00 15.000 H4: PR = 0.40 
	............... 
	~---------·~------------------------·--------------------------~~~--~---------------------------------Calculated Moduli values (ksil: Absolute Depth to ft (lbs l Rl R2 R3 R4 R5 R6 R7 SURF(Ell BASE<E2l SUBB(E3l SUBG(E4) ERR/Sens Bedrock 
	. -
	-
	Station Load Measured Deflection (mils): 
	~ 

	.... ---..... -..
	----~-·----~----------------------------------------------------------------·--~----------------------
	-
	-

	423.000 10.351 3.06 2.30 1.84 1.44 1.11 0.87 0.69 200. 5284.7 83.2 11.1 2. 71 36.00 
	665.000 10.661 2.79 1.89 1.48 1.15 0.88 0.69 0.55 200. 3293.4 563.6 15.3 3.63 24.00 
	895.000 10. 216 5.00 4.01 3.10 2.34 1.66 1.18 0.87 200. 2088.6 20.6 9.1 2.00 203.89 1037. 000 10. 240 2.92 2.20 1. 75 1.41 1.12 0.90 0 75 200. 4860.5 305.2 10 .5 2.81 36.00 1103.000 10,053 5.85 3.87 2.60 1.87 1.44 1.13 0.91 200. 438.5 441.0 9.5 6.72 300.00 1193. 000 10 .427 9.85 6.54 4.17 3.03 2.26 1. 69 1.21 200. 218.2 236.3 6.3 6.34 192.12 1401. 000 10.832 8.72 5.18 3.14 2.35 1. 79 1.41 1.15 200. 186.0 646 0 7.8 7.93 300.00 
	N 1598.000 10,633 9.44 5.85 3.67 2.66 2.00 1. 59 1.22 200. 183.2 425.9 6.8 7.74 277.05 
	..;::.. 
	2035.000 11.043 11.15 6.40 3.62 2.62 1. 94 1.46 1.17 200. 135.6 351. 8 8.1 9.17 300.00 2200.000 10.570 11.41 6.30 3.46 2.46 1. 86 1.43 1.16 200. 117 .2 331. 9 8.3 10.55 300.00 2364.000 10.761 12.06 6.26 3.17 2.17 1.72 1.35 1.11 200. 100.0 294.9 9.7 13.04 300.00 2603.000 10.264 11.18 6.89 3.64 2.50 1.87 1.45 1.13 200. 131.6 218.7 8.1 11. 50 300. 00 2801.000 10 .121 10. 98 5.88 3.36 2.30 1.68 1.31 1.02 200. 114.6 312.8 8.7 9.19 300.00 2999.000 10.876 11.48 5.46 1. 97 1.18 0.86 0.55 0.43 200. 100.0 152.4 19.6 
	... .............. 
	---------------------~------------------------------P*-·----Mean: 8.12 4.81 2.80 1.98 1.49 1.15 0.91 200. 1175. 2 318.3 11.1 8.97 66.02 Std. Dev: 3.67 1.86 0.90 0.66 0.49 0.37 0.28 0. 1771.4 192.6 4.7 5.96 68.71 Var Coeff(%): 45.25 38.60 32.17 33.10 32.54 32.27 30.74 0 100.0 60.5 42.1 66.39 104.07 
	-
	-

	.-------------------------~-----~--------------
	-

	------------------------~----------
	----
	-----
	-.. ----
	-




	Table 10. FWD Data Analysis-SH 154 
	Table 10. FWD Data Analysis-SH 154 
	---------------------~------------------------------------------------------------------------------
	-

	TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Version 5.1> ----------------~------------------------------------
	-

	-------~---------------~------------~~-----------
	-

	----------------~-
	-

	District: 19 
	MODULI RANGE(psi)Thickness( in) Minimum Maximum Poisson Ratio Values
	County: 
	230 

	Highway/Road: SHOl54 Pavement: 0.50 
	199.980 

	200.020 Hl: PR· 0.35 Base: 13.00 15.000 1.500.000 H2: PR = 0.30 0.00 0 0 H3: PR ~ 0.25 
	Subbase: 

	Subgrade: 146.90 15.000 
	H4: PR -0.40 --------------------------~-----------~ 
	-------·-------·---

	------------------------~ ------~----~----------·-------------~--·-------
	-

	Station Load Measured Deflection (mils): Calculated Moduli values Cksi): Absolute Depth to ft Rl R2 R3 R4 R5 R6 R7 SURF(El) BASECE2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock 
	(lbs) 

	---------------------.... ___________ 
	-

	-------------~-------------------------~----------------------------------------------
	-

	100.000 10,546 36.41 19 .19 7.12 3.77 2.89 2.25 I.85 200. 34.4 0.0 
	13.0 
	12.70 64.25 

	199.000 9.577 40.63 21.04 8.17 4.14 2.83 2.15 I.71 200. 27.2 0.0 11.1 12.39 74.51 
	300.000 10.014 35.29 17 .17 4.63 1. 74 1.43 1.28 1.14 200. 27.4 0.0 19.9 23.26 58.96 
	400.000 11.178 37.21 20.60 7.06 3.34 2.43 1.88 1.43 200. 34.2 0.0 14.6 
	14.62 56.82

	498.000 12.342 7.37 6.05 4.76 3.65 2.71 1. 70 1.39 200. 813.7 0.0 20.6 4.68 124.20 
	573.000 12.226 5.76 4.81 3.71 2.84 2.04 1.42 1.11 200. 1069.2 0.0 25.7 3.08 180.92 
	699.000 12.485 5.52 4.85 3.87 3.03 2.32 I.78 1. 39 200. 1500.0 0.0 21.8 2.87 300.00 
	800.000 12.898 4.49 4.05 3.51 3.02 2.11 1.61 1.31 200. 
	1500.0 0.0 27.3 8.51 265.08 
	905.000 12.226 6.01 5.54 4.69 3.84 2.98 2.29 1. 74 200. 1500.0 0.0 16.7 3.48 255.13
	V1 1001.000 11.408 7.31 5.67 4.43 3.40 2.59 2.04 1.69 200. 837.1 0.0 
	N 

	19.0 I.96 300. 00 1100. 000 12.314 6.54 3.85 2.68 1.63 1.11 0.81 0.69 200. 459.0 0.0 43.7 4.38 36.00 1200.000 12,016 6.04 5.15 4.24 3.43 2.71 2.15 l.75 200. 1500.0 0.0 17. 8 1.98 300.00 
	1310.000 12,258 6.34 5. 71 4.54 3.57 2.81 2.22 1. 78 200. 1380.0 0.0 17 .4 1449.000 11. 718 5.91 4.76 4.04 3.29 2.65 2.11 1.74 200. 1500.0 0.0 18.2 1.93 300.00 1500.000 11.730 5.35 4.79 4.12 3.25 2.41 1. 94 1.41 200. 1500.0 0.0 19.2 4.16 300.00 1600.000 11.170 14.76 10.61 5.91 2.07 1.16 0.59 0.42 200. 107.4 0.0 25.0 28.74 36.00 1711.000 12.318 7.09 5.87 4.79 3.82 2.98 2.33 1. 91 200. 1198. 7 0.0 16.9 1.41 300. 00 1800.000 12.326 10.03 7.15 4.83 3.33 2.38 1. 79 1.43 200. 382.7 0.0 22.5 3.37 300.00 1901.000 1
	3.25 300.00 

	------------------------------------------------·---------·--·---------------------
	-

	--------~--
	-

	Mean: 13.51 8.63 4.98 3.30 2.42 1.82 1.44 200. 732.7 0.0 20.3 6.70 160.49 Std. Dev: 11. 70 5.45 1.29 0.68 0.54 0.45 0.36 0. 598.4 0.0 6.3 7.15 152.23 var Coeff(%) 86.54 63.15 25.85 20.63 22.33 24.78 25.06 0. 81. 7 0.0 31.2 106.81 94.85 
	................ __________ 
	---------------------------------------~---------------·---------·-------~------------------~---------------
	-


	Table 11. FWD Data Analysis -FM 1326 
	Table 11. FWD Data Analysis -FM 1326 
	TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Version 5.l> 
	District: 19 MODULI County: 19 Thickness( in) Minimum Poisson Ratio Values Highway/Road: FM1326 Pavement: 0.50 199,960 200.020 Hl: PR = 0.35 
	a
	Base: 5.50 20.000 800.000 H2: PR 0.30 
	~ 0.35 
	Subbase: 8.00 4,000 180.000 H3: PR 

	Subgrade: 114.20 15.000 H4: PR 0.40 
	Station Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to ft (lbs) Rl R2 R3 R4 RS R6 R7 SURFCEl) BASE<E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock 
	_..,. ______ .. 
	~--------------------------------------------------·-------~-~------------------------------------~------
	~ 

	0.000 11.305 45.28 17.65 8.11 4.72 3.20 2.51 2.17 200. 39.4 18.4 12.2 6.59 162.36 
	50.000 10.681 46.12 21.64 8.02 4.30 3.26 2.63 2.29 200. 56.0 9.9 11.5 9.58 64.45 
	100. 000 11. 301 24 .11 14.60 7.50 4.16 2.77 2.11 1. 70 200. 213.4 26.5 13.8 3.43 119.15 
	150.000 11.801 16.23 12.52 7.57 4.96 3.30 2.35 1.88 200. 688.4 64.5 12.2 3.61 199.43 
	200.000 12.072 15.24 11.43 7.57 4.96 3.17 2.06 1. 50 200. 800.0 73.7 12.8 0.99 144.65 
	225.000 11.241 15.60 9.91 6.27 4.06 2.72 1.93 1.47 200. 255.9 104.6 15.6 1.29 207. 22
	N 
	0\ 300.000 11. 396 16. 70 10.77 5.54 3.06 2.00 1.54 1. 31 200. 393.0 35.9 18.7 3.56 113.66 
	321.000 11.619 17.68 12.68 6.80 4.28 2.83 2.32 1. 70 200. 478.l 43.5 14.2 5.92 190.22 
	350.000 11.940 19.46 12.51 7.59 4.77 3.17 2.28 1.80 200. 273.l 65.5 13.7 1.47 199.45 
	400.000 11.130 26.56 16.12 7.43 3.83 2.28 1. 61 1.28 200. 246.3 12.3 14.8 2.45 89.06 
	417.000 11.702 18.98 13.81 8.11 4.65 2.76 1.83 1.38 200. 722.5 21. 9 13.2 1. 74 115.80 
	450.000 10,196 51.40 24.39 8.11 3.61 2.42 1. 91 1. 63 200. 58.7 5.1 12.6 6.44 56.42 ---~-------------------------------------·--------------------------------------------------------------p---------·~-------------Mean: 26.11 14.84 7.39 4.28 2.82 2.09 1.68 200. 352.1 40.2 13.8 3.92 128.27 
	-

	Std. Dev: 13.46 4.43 0.80 0.58 0.42 0.34 0.32 0. 267.3 30.8 1. 9 2.67 60.43 Var Coeff(%}: 51.54 29.87 10.88 13.55 14.93 16.35 19 .15 0 75.9 76.8 14.1 68.05 47.11 

	Table 12. FWD Data Analysis -FM 1520 
	Table 12. FWD Data Analysis -FM 1520 
	_______ .. __ ,,. _____ ________ .. _______ 
	TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) {Version 5. ll ---------------------------~---------------------------~-~----h-----------~----------------------------------
	-

	~------
	-

	District: 19 MODULI RANGE(psi) County: 32 Thickness( in) Minimum Maximum Poisson Ratio Values Highway/Road: FM1520 Pavement: 0.50 199,980 200,020 Hl: PR 0.35
	a 
	Base: 10.00 20,000 400.000 H2: PR -0.30 
	Subbase: 8.00 4,000 150.000 H3: PR= 0.25 
	Subgrade: 158.10 15.000 H4: PR = 0.40 
	------.. ---------.. -----______ .., ___ -----------------·-
	-

	---------------~--------------------·-------~--------------------------Station Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to ft Obs) Rl R2 R3 R4 R5 R6 R7 SURF(El) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock 
	-

	-------w -------------------------------------------------------
	-

	--------------~-----·-----------------------------~-------
	-

	212.000 12.449 10.52 6.48 4.10 2.86 2.01 1.43 1.17 200. 329.5 65.2 24.6 2.96 207.98 
	800.000 11. 809 15.72 8. 77 5.15 3.22 2.28 l. 76 1.27 200. 174.4 30.0 21.2 4.54 299.39 1399.000 12. 286 11.66 7.32 4.31 3.08 2.35 l. 79 1.54 200. 306.7 50.5 22.3 7.14 300.00 2000.000 9.176 53.70 25.19 7.24 3.94 3.24 2.61 2.44 200. 22.0 4.7 13.3 19.57 56.30 2599.000 11.138 33.46 20.28 9.77 4.58 4.07 3.76 2.87 200. 69.7 7.5 12.9 15.20 73.46 3200.000 11,654 14.88 11.58 7.15 4.50 2.93 1.87 1.34 200. 397 .9 4. 7 22.8 2.57 137.14 
	N 3800.000 11 .809 32. 25 18.59 8.83 6.24 3.82 2.87 2.26 200. 73.9 11.2 12.9 5.19 300.00 
	-.....) 
	4183.000 12.671 16.15 6.00 2.07 1.95 1.60 1.32 1.02 200. 125.8 45.9 35.6 28.78 54.35 4400.000 11.849 19.46 10.00 5.56 3.46 2.10 1. 40 1.27 200. 109.4 28.4 20.9 2.15 120.30 5002.000 11.567 14.83 8.13 5.06 3.27 2.39 1.84 1.39 200. 178.7 44.5 19.5 6.15 300.00 5601.000 11. 809 12. 59 6.36 3.17 2.22 1. 82 l. 79 1.43 200. 199.9 48.0 28.9 14.80 300.00 6200.000 11.436 22. 03 14.36 8.44 5.09 2.98 2.16 1. 70 200 171. 7 6.2 17.2 1.35 110.80 6583.000 12.183 15.55 9.44 6.57 4.57 3.10 2.36 1.62 200. 190.4 71. 9 14.9 2.32
	----------------·----------------------------------------------~---------~------~~--------~-----------------------------------~ 
	Mean: 19.22 10.75 5.75 3.68 2.57 l.97 1.55 200. 199.2 33.5 21.1 8.81 176.64 Std. Dev: 11.18 5.67 2.11 1.08 0.68 0.63 0.51 0. 109.8 25.1 6.1 7.80 122.20 Var Coeff(t): 58.17 52.73 36.68 29.35 26.61 31.84 32.67 0. 55.l 74.9 28.9 88.58 69.18 

	Table 13. FWD Data Analysis -FM 560 
	Table 13. FWD Data Analysis -FM 560 
	-----------------~--------------------~---·----------------------------------------------------~---------------------~-------------
	-

	Table
	TR
	TT! 
	MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) 
	(Version 5.1) 

	-----------------
	-----------------
	-

	-----
	-

	--------------------
	-

	----*----------·---------------
	-
	-
	-
	-

	-------------
	-

	---------------------
	-


	TR
	--~-----
	-



	District: 19 MODULI RANGE(psi)County: 19 Thickness(inl Minimum Maximum Poisson Ratio Values Highway/Road: FM0560 Pavement: 2.00 199.980 200.020 Hl: PR 0.35
	a 
	Base: 6.50 20.000 1.000.000 H2: PR • 0.30 
	Subbase: 6.00 10.000 700.000 H3: PR = 0.35 
	Subgrade: 274.20 15.000 H4: PR • 0.25 
	Station Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Depth to ft (lbs) Rl R2 R3 R4 R5 R6 R7 SURF(El) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock -------~-----------------------~---~--------------~------~--~----------~---------------------------------------------------
	-

	0.000 10.272 28.76 16.78 9.18 6.07 4.48 3.44 2.81 200. 77 .7 15.3 11.6 3.10 300.00 
	103.000 9.617 29.14 16.09 9.16 6.17 4.41 3.32 2. 71 200. 59.5 19.5 10.9 1.32 300.00 
	300.000 10.236 5.27 4.45 3.93 3.32 2.72 2.15 1.79 200. 1000 .0 700.0 23.1 12.81 300.00 
	450.000 10.193 29.07 16.42 9.19 5.78 4.00 2.94 2.28 200. 81.1 10. 7 12.6 0.59 300.00 
	606.000 9,692 27.70 17.92 10.45 6.68 4.52 3.32 2.65 200. 107 .0 10.0 10.3 1. 59 255. 78 75B.OOO 9.748 19.46 13.79 8.93 5.85 3.89 2.74 2.21 200. 300.6 10.0 12.5 1.15 209.84 
	904.000 9,716 19.57 12.31 7.72 5.04 3.46 2.51 2.07 200. 168.0 19.8 13.8 0.84 268.35 IV 1045.000 9.787 15. 70 9.72 5.65 3.76 2.77 2.15 1.77 200. 175.0 34.3 17.8 2.89 300.00 1200.000 9.728 14.66 7.86 4.31 3.00 2.29 1. 81 1.56 200. 113.9 60.8 22.4 4.22 300.00 
	00 

	MODULI RANGE(psi) 
	Thickness( in) Minimum Maximum Poisson Ratio Values Pavement: 2.00 199.980 200,020 Hl: PR• 0.35 ~ 0.30 Subbase: 3.50 5.000 400.000 H3: PR 0.35 ~ 0.25 
	Base: 9.50 20.000 400.000 H2: PR 
	Subgrade: 273.70 19,600 H4: PR 

	Station Load Measured Deflection (mils). Calculated Moduli values (ksi): Absolute Depth to ft (lbs) Rl R2 R3 R4 R5 R6 R7 SURF(Ell 8ASE(E2) SUB8(E3) SU8G(E4) ERR/Sens Bedrock 
	1350.000 9.783 12.96 7.93 4.94 3.29 2.43 1.89 1.61 200. 179.8 22.5 20.8 2.63 300.00 1444.000 9.609 21.45 12.22 6.35 4.02 2.89 2.23 1.85 200 78.6 5.9 17.5 4.23 300.00 1500.000 9.628 19.49 11.62 6.93 4.58 3.17 2.35 1. 86 200. 103. 7 8.4 15.6 1.23 285.34 1666.000 9.756 21. 79 11.80 6.69 4.38 3.11 2.38 1. 87 200. 73.6 11.3 16.0 1. 82 300 .00 1807.000 9.744 15.85 5.84 1.87 0.65 0.49 0.53 0.54 200 45.6 45.6 45.6 44.51 24.00 1963.000 9.597 18.21 9.07 4.63 2.84 2.09 1.65 1.41 200. 77 .0 9.8 23.6 3.22 247.34 2099.00
	--~---~
	-

	---·---~-----------
	--·---
	-

	----------------------------------------~--------------------------------------·----
	-

	500,000 and 1,000,000 psi give variable field performance and values above 1,000,000 psi 
	seem to be too stiff and exhibit transverse/shrinkage cracking. In Figures 7 through 12, the 
	base moduli values are plotted for each test pavement. 
	Another parameter which should be noted is the ratio ofthe base to the subgrade 
	(E2/E4). It is desirable (in stabilized bases) for this ratio to be greater than 3. Between 2-3 
	is marginal and below 2 is considered poor. 
	For subgrades, moduli values less than 4000 psi are considered poor while good 
	values are those greater than 16,000 psi. 
	Ground penetrating radar (GPR) data were obtained for all six test pavements in 
	February of 1998 by Department ofTransportation (DOT) Design Division personnel. 
	Below is a discussion ofthe FWD and GPR test results and the field core data. 

	Loop390 
	Loop390 
	No cores were obtained from this pavement. Unsuccessful attempts were made in 
	1997 and again in 1998. 
	FWD data shown in Table 8 and Figure 7 indicate that the base layer is weak in some areas which also coincided with areas where alligator cracking was observed in 1997. As shown in Figure 7, there is some variation in the moduli values between 1997 and 1998; however, the difference does not seem to warrant concern that the base is exhibiting a deteriorating strength. 
	20 Frontage Road 
	20 Frontage Road 
	m 

	lbree cores were obtained from this pavement as shown in Figure 6. Last year, this pavement exhibited the highest compressive strength but there was a loss in strength as noted with the cores taken in 1998. However, there doesn't seem to be an appreciable difference in the base moduli values from 1997 to 1998 (Figure 8). Note in Figure 8, that the last data point may coincide with the beginning ofa different type ofpavement section. 
	SH154 
	With indications of what appears to be shrinkage cracking, one would expect this 
	pavement to be the stiffest ofthe six. This is true in terms of FWD data (Figure 9). Base 
	moduli values along the pavement exceed 1,000,000 psi in some locations. Base moduli 
	values in 1998 appear to be similar to that in 1997 with some places showing significantly 
	higher moduli than the previous year. Compressive strength ofthe cores is also close to the 
	values obtained the previous year (Figure 6). 
	FM 1326 
	Two cores were obtained from FM 1326 which could be tested and the compressive strength was significantly higher than the single core which was tested in 1997. FWD data (Table 12 and Figure 10) indicate that the base is not deteriorating but exhibits an overall similar or better modulus than the previous year. 
	FM 1520 
	Three cores were obtained from FM 1520 and two of the three cores showed a significantly greater compressive strength than the previous year. FWD data (Figure 11) on this pavement indicates that there is no significant change between 1997 and 1998. 
	FM560 
	All three cores obtained from FM 560 had a higher compressive strength than the cores obtained the previous year. The base on this pavement has two different thicknesses along its length: 9 inches and 16 inches. Because ofthe difference in thicknesses, two separate FWD analyses were performed as shown in Table 14. Results from both analyses, however, were combined for Figure 12. Moduli values for this pavement do not appear to be as variable as on some ofthe others; however, the values are lower than the de
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	Figure 7. Base Moduli Values for Loop 390 
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	Figure 9. Base Moduli Values for SH 154 
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	Figure 10. Base Moduli Values for FM 1326 
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	Figure 11. Base Moduli Values for FM 1520 
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	Figure 12. Base Moduli Values for FM 560. 
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	Ground Penetrating Radar Data 
	GroWld penetrating radar data surveys were collected by Tx.DOT's Design Division personnel on February 9, 1998. Some typical dielectric constants for the fly-ash base are shown below in Table 14. 
	Table 14. Typical Dielectric Constants for Hydrated Fly-Ash Bases 
	Pavement Section 
	Pavement Section 
	Pavement Section 
	Station Location 
	Dielectric Constant for Hydrated Fly-Ash Base 

	Loop 390 
	Loop 390 
	1909 ft 2266 ft 
	11.3 16.0 

	IH-20 Frontage Road 
	IH-20 Frontage Road 
	2086 ft 2423 ft 
	16.5 12.8 

	SH 154 
	SH 154 
	92 ft 991 ft 
	17.6 18.3 

	FM 1326 
	FM 1326 
	239 ft 253 ft 
	20.6 20.2 

	FM 1520 
	FM 1520 
	607 ft 
	23.3 

	FM560 
	FM560 
	1158 ft 2034 ft 
	19.5 15.0 





	CONCLUSIONS AND RECOMMENDATIONS 
	CONCLUSIONS AND RECOMMENDATIONS 
	Laboratory Study 
	Laboratory Study 
	A laboratory study was conducted to evaluate the bond strength ofsurface treatments to 
	hydrated fly-ash base materials. Variables in the experiment included (1) type ofprime 
	material used and (2) curing conditions for the base material. Tests used to evaluate the bond 
	strength included a torsional shear test, a South African durability test, and visual/subjective 
	evaluations. The torsional shear test did not show any differences between the different prime 
	materials used or the different curing conditions. A visual evaluation was done also on 
	samples for each prime material and curing condition and there appeared to be a very good 
	bond ofthe surface treatment to the base in all cases. 
	Based on the above laboratory data, researchers attempted to include the effects of traffic on evaluating the bond strength. For this evaluation, the South African durability test was used. This is a test that is typically used to evaluate the durability of stabilized base materials. For the purposes ofthis study, the base materials were compacted at optimum moisture into beam-shaped molds, cured and topped with different types ofprime materials and finally a surface treatment. The samples were then placed 
	trimmed with a saw prior to testing. 
	Based on the laboratory study, no confident solution can be provided to the problem experienced in the field regarding the surface treatment not bonding to the base material. Originally, one problem was thought to be the use ofMC-30 as a prime material; however, the laboratory study showed that the MC-30 is an effective prime material in addition to the other prime materials that were used in the lab study. Even though curing time ofthe base was a variable in the experiment, it may be that even the lowest l
	Based on the laboratory study, no confident solution can be provided to the problem experienced in the field regarding the surface treatment not bonding to the base material. Originally, one problem was thought to be the use ofMC-30 as a prime material; however, the laboratory study showed that the MC-30 is an effective prime material in addition to the other prime materials that were used in the lab study. Even though curing time ofthe base was a variable in the experiment, it may be that even the lowest l
	more than what was experienced in the field prior to construction ofthe surface treatment and 

	application oftraffic. Researchers believe that the curing time ofthe base prior to application 
	ofthe surface treatment may be the key to achieving a good bond. 
	The hydrated fly-ash base material has an optimum moisture content which can be as high as 35%. Compared to other types ofbase materials, this is an extremely high moisture content. Ifthe surface ofthe base material is sealed soon after construction, moisture may accumulate in the upper portion ofthe base, weakening the base material near the interface. As in concrete, where excess water creates a high water cement ratio (and lower strength), excess moisture in this type of stabilized base might also cause 
	Hydrated fly-ash base develops strength with time. Ifenough strength has not developed in the surface at the time traffic has been placed, excess fines may be generated in the base surface (by the action oftraffic) causing a debonding ofthe surface treatment. 
	The laboratory study showed that it is possible to develop a good bond ofthe surface treatment to the hydrated fly-ash base using various types ofprime materials, including MC
	-

	30. Inadequate bond of surface treatments to hydrated fly-ash base materials is probably not attributable to the type ofprime material used. 

	Field Evaluation 
	Field Evaluation 
	• 
	• 
	• 
	Most ofthe hydrated fly-ash test pavement are performing very well at this time. Those pavements which have distress are in isolated areas and the distress is not affecting the serviceability ofthe roadway. 

	• 
	• 
	Very little change was seen in the performance ofthe six pavements between the 1997 and 1998 evaluations. Two ofthe six hydrated fly-ash test pavements have exhibited distress which might be attributable to deficiencies in the fly-ash base material. In 1997 Loop 390 exhibited a small amount ofalligator cracking in an area where the FWD data indicated the base is weak. However, by 1998, the surface had a new seal coat and there was apparent surface distress at the time of evaluation in 1998. SH 154 is exhibi


	cracking in 1998 than in 1997. This indicates there may be a tendency ofthe cracks 
	toward autogenous healing in this type of base material. 
	toward autogenous healing in this type of base material. 
	toward autogenous healing in this type of base material. 

	• 
	• 
	1998 FWD data were compared to that taken in 1997. Modulus ofthe fly-ash base 

	TR
	materials were back-calculated from the FWD data. There is no indication ofany 

	TR
	weakening of these base materials with time. Modulus values, however, are dependent 

	TR
	on moisture conditions of the base and the 1998 FWD data were taken on the heels of a 

	TR
	dry spring (compared with the 1997 data). 

	• 
	• 
	Cores were taken on all of the test pavements except Loop 390. No intact core could 

	TR
	be obtained from Loop 390. For the other five pavements, unconfined compressive 

	TR
	strengths were about the same or higher than the compressive strengths of the previous 

	TR
	year. 

	• 
	• 
	Ground penetrating radar (GPR) surveys of all six test pavements indicate a very high 

	TR
	dielectric constant for the fly-ash base materials. Values ofthis magnitude typically 

	TR
	indicate the presence of excessive amounts ofmoisture and would generally warrant a 

	TR
	great deal ofconcern by pavement engineers. However, one must remember that the 

	TR
	optimum moisture content for these pavements was 35% compared with moisture 

	TR
	contents of, say, 7% for more typical base materials. Therefore, these high dielectric 

	TR
	constants may not necessarily be cause for alarm. 

	• 
	• 
	Hydrated fly ash is a new material and is different from other stabilized base materials. 

	TR
	Given this fact, it may not be appropriate to apply field testing criteria associated with 

	TR
	conventional materials. For this material and its respective traffic conditions, values 

	TR
	shown in this report may be acceptable (since the pavements are performing very well). 

	TR
	This will become more evident as performance is monitored over the next three years. 


	Figure


	Recommendations 
	Recommendations 
	Based on a second year of monitoring for these fly-ash test pavements, performance 
	results are very promising. Concern, however, is warranted regarding the fly ash material 
	variability as exhibited in moduli values from FWD data. GPR data showed alarmingly high 
	dielectric constants for the bases indicating excessive moisture in the base. This may not be 
	cause for concern, though, since original optimum moisture content was as high as 35%. 
	It appears that typical rule ofthumb criteria which we typically apply to conventional 
	pavements may not be applicable to fly ash bases. Since appropriate criteria is not established 
	for this type ofmaterial, it is recommended that the Atlanta District continue the current course 
	ofaction: monitoring the performance of these pavements as scheduled through this research 
	project Ifany new construction with fly-ash base is initiated soon, it is recommended that the 
	construction be limited to pavements that do not have heavy truck traffic (until more is 
	understood about these base materials). 
	Inadequate bond ofsurface treatments to fly ash base materials does not appear to be related to the type of prime material used. Researchers believe that the bonding problem is related to the curing extent of the base material. The fly-ash base develops strength with time and care should be taken to insure that adequate curing occurs prior to application ofthe surface treatment (especially on higher-trafficked roadways). Also, once the base has been compacted at optimum moisture content, any additional wate
	At the onset of the study, researchers consulted with other hydrated fly-ash suppliers. In a letter from Don King (President of DePauw Fly Ash suppliers in Amarillo) to TTI dated April 1, 1996, Mr. King states that Special Specification No. 2011 -Fly Ash Base is in need of further development, especially in the area ofcuring conditions and bonding mechanism with surface courses. DePauw recommends that Article (6) Finishing on page 3-4 be amended by 
	deleting items (1), (2) and (3) as shown in Figure 13. DePauw also suggests that Article (7) 
	Curing on page 3-4, be deleted and replaced with the following: Prior to placing the surfacing on the completed base, the base shall be cured to the extent as directed by the Engineer. 
	Researchers concur with this recommendation. 
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	Figure
	Figure 13. Special Specification Item 2022, Fly-Ash Base with Recommended Deletions 
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