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Report 457-1, "Preliminary Design of a Testing Facility to Subject Full Scale Pavement
Sections to Static and Cyclic Loading," by Mark D. Wickham, B. Frank McCullough and D. W.
Fowler, defines the problems and presents possible solutions for the design of a testing facility
to cyclicly load full scale pavement sections.

Report 457-2, "A Laboratory Study of the Fatigue of Bonded PCC Overlays," by Karen T.
Reilley, Chhote Saraf, B. Frank McCullough, and D. W. Fowler, presents the findings of
laboratory fatigue experiments which simulate the field conditions of IH-610 in Houston,
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ABSTRACT

Bonded concrete overlays are a new method of pavement rehabilitation and the effect of
long-term repeated loadings is not yet known. A laboratory study, using accelerated repeated
loadings, was performed to enable a prediction of long-term results in a relatively short time
period.

In the laboratory, four model pavement slabs, designed to simulate conditions on Loop
610 in Houston, Texas, were tested. Each slab consisted of a base slab and a bonded PCC overlay.
Each base slab was cracked transversely at the midspan and then loaded in fatigue to a distress
condition before the overlay was placed. The overlay was cracked and fatigue loaded in the same
manner. Both continuously reinforced and jointed pavements were studied. The data taken from
the laboratory were analyzed and a study on remaining life was done.

Results from the study showed differences in the behavior of CRCP and JCP slabs. JCP
slabs had larger deflections and shorter fatigue lives. CRCP slabs failed by cracking with no
other signs of distress while JCP slabs failed by punchout; following loss of shear strength and
delamination. In general, for both the CRCP and JCP slabs, placement of a BCO decreased
deflections, increased load transfer, and increased the fatigue life of the pavement structure.

KEYWORDS: Continuously reinforced concrete pavement, jointed concrete pavement, bonded
PCC overlay, remaining life, fatigue.
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SUMMARY

The use of bonded concrete overlays is becoming an accepted method of rehabilitation for
portland cement concrete pavements. Progress in the design and construction of bonded overlays
and the success thus far of several BCO projects have led to this acceptance. However, the long-
term success of bonded overlays is still unknown. The primary goal of this study is to examine
the effects of long-term loadings on bonded concrete overlays.

This study involves the simulation of the field conditions of IH-610 in Houston, Texas,
and the fatigue-testing of both continuously reinforced and jointed concrete pavements. The
effect of placing overlays on pavements at varying levels of distress is also examined. Results
from the laboratory tests include data on deflections, cracking, and shear strength. The
laboratory results are presented and analyzed in the study.






IMPLEMENTATION STATEMENT

The laboratory fatigue tests produced resuits which are applicable in the field.

Recommendations for implementation include:

(1)

(2)

(3)

(4)

Repair failures before placement of the bonded concrete overlay - laboratory
tests demonstrate that repairing the existing pavement adds life.

Weld cracks with low load transfer (measured by deflections taken in the field)
together before overlaying - load transfer influences pavement fatigue life and
this will extend the life of the pavement structure.

Overlay before the pavement condition deteriorates - laboratory results indicate
that overlaying an existing pavement with a higher remaining life yields a
pavement structure that will have a longer fatigue life.

Laboratory studies on surface preparation types should be done prior to field
experiments because failure of the bonded concrete overlayed structure can occur
at the interface.
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CHAPTER 1. INTRODUCTION

This report presents the findings of a laboratory study on the fatigue of bonded concrete
overlays. This chapter presents the background, objectives, and scope of the study.

BACKGROUND

Bonded concrete overlays (BCO) are rapidly becoming an accepted method of
rehabilitation for portland cement concrete (PCC) pavements. This is due in part to the
progress in design and construction; for example, the high production scarifying, sandblasting,
waterblasting, and shotblasting machines used in surface preparation. The success, thus far, of
several BCO projects has also helped make bonded concrete overlays a viable resurfacing
alternative.

In 19783, a research project involving bonded, unbonded, and partially bonded fibrous-
reinforced concrete overlays was conducted in Greene County, lowa. In the sections that were
bonded, little bonding occurred because the method utilized for bonding consisted of spreading
cement on the surface and adding water. Since then, new methods of surface preparation
(discussed later) have been perfected and the success of bonded overlays has followed.

There have been four additional bonded concrete overlay projects in lowa. The first, in
1976 on U.S. 20 in Black Hawk County, was a demonstration project. The second, in 1977, in

- Clayton County was 1.6 miles long and the third, in Woodbury County in 1978, was a 0.5-
mile-long project. The fourth lowa project, completed in 1979, on 1-80, was 4.5 miles long.
In 1981 Louisiana constructed a 0.8-mile-long BCO and New York, a 3.0-mile-long BCO.

Bonded concrete overlays have also been constructed near Atlanta, Georgia in 1975, near
Minneapolis, Minnesota in 1978, and in Louisiana, New York, and California in 1981. In
1983, a BCO was constructed in Wyoming on 1-25 and a 1,000 foot experimental project was
constructed on south |H-610 in Houston, Texas (Ref 1). The success of this project led to the
1985 BCO on north IH-610 in Houston. Also in 1985, near Sioux Falls, South Dakota, a BCO
was constructed on State Route 38A.

The success of a BCO may depend on the success of the pavement surface preparation.
Full-depth PCC patches are placed before the surface preparation if total failure has been
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experienced. Partial-depth repairs may also be made as part of the overlay placement.
Scarification is done by milling machines to remove the old surface to a certain depth.
Shotblasting of the surface is now being used as an alternative to scarification. The pavement
surface is then airblasted to clean the surface. A bonding agent (grout) may then be applied
immediately prior to the overlay placement.

Proper surface preparation and other improved construction methods have contributed
to the success of the bonded concrete overlay. However, the long-term success of a bonded
concrete overlay is still unknown. The mode of failure is also unknown. The pavement may fail
by debonding or in a manner similar to the original pavement. This study will examine the
effects of long-term loadings on bonded concrete overlays.

OBJECTIVES OF THE STUDY

in the laboratory, pavement models can be loaded in an accelerated manner. Results that
would take years or decades to occur in the field take days or weeks to simulate in the lab. In
this way, fatigue can be studied in the laboratory and results applied in the field. Since bonded
concrete overlays are a relatively new method of rehabilitation, what actually happens with
long term repeated loadings will not be known for some time. This laboratory study hopes to
predict what will occur, long term, with bonded concrete overlays. Specifically, the objectives
are

(1) to simulate the field conditions in Houston, Texas, on IH-610,

(2) to accomplish fatigue testing of continuously reinforced and jointed concrete
pavements,

(3) to study the effect of placing overlays on pavements that are at varying levels of
distress, and

(4) to implement the results in the laboratory in field design and construction.

RR457-2/01



SCOPE OF THE REPORT

Chapter 2 presents the design variables that were tested in the laboratory and explains
how field conditions were simulated in the lab.

Chapter 3 explains the preparation necessary to cast the four laboratory slabs and the
quality control involved. Procedures for simulating a temperature crack and loading the slabs,
and a description of the instrumentation used, are also presented.

Chapter 4 presents the data obtained from testing the laboratory slabs. The data include
loading history, average deflections, load transfer, cracking development, and interface shear
test results.

Chapter 5 examines the relationship between remaining life and applied load repetitions.
A remaining life analysis is done using the laboratory data.

Chapter 6 discusses the trends of the laboratory data and the results of the remaining
life analysis.

Chapter 7 summarizes the conclusions of the study and presents recommendations for
field implementation and further studies.

RR457-2/01






CHAPTER 2. LABORATORY EXPERIMENT DESIGN

This chapter presents the experiment design variables that were tested in the
laboratory. It also shows how field conditions were simulated in the lab. Four model pavement
slabs were tested. Each slab consisted of a base slab and overlay. Each base slab was cracked
transversely at the midspan and loaded before the overlay was placed. The overlay was then
placed, cracked, and loaded in the same manner. The procedures for construction, cracking, and
loading the slabs are the same as those used in earlier studies (Refs 2 and 3). However, these
earlier studies tested 4-inch CRCP slabs only, while this study, in addition to CRCP slabs,
tested JCP slabs and CRCP and JCP overlays.

LABORATORY FACTORIAL DESIGN

A factorial design (Fig 2.1) was used to outline the design variables that were to be
tested in the laboratory. The design variables included type of pavement (for base slab and
overlay) and remaining life. The factorial design includes numbers which indicate the priority
of testing. Because the laboratory experiment was designed to simulate conditions in Houston on
IH-610 (a CRC pavement), CRCP slabs were tested first (Slab Nos. 1 and 2) and JCP slabs
(Slab Nos. 3 and 4) were tested next.

Pav n

The base slabs modeled either a CRCP (continuously reinforced concrete pavement) or a
JCP (jointed concrete pavement). These represent the primary types of Portland Cement
Concrete (PCC) pavements used in the field. The CRCP slabs were reinforced with a welded
deformed steel wire fabric. No reinforcement was used in the JCP slabs, but dowels were used
at the joint in the JCP base slab to transfer load. On the CRCP, a CRCP overlay was placed, and
on the JCP, a JCP overlay was placed. It was necessary to place a JCP overlay on a JCP base

RR457-2/02 5



Type of Base Slab and
Type of Overlay

Remaining Life of
Base Slab CRCP JCP
High 1 4
Low 2 3

Fig 2.1. Slab testing factorial.

RR457-2/02
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slab to prevent high stresses which could cause reflective cracking, spalling, or loss of bond
(Ref 4). Thus, the joint in the base slab was reproduced in the BCO (Figs 2.2 and 2.3).

Because two types of pavements were being tested (CRCP and JCP), it was possible for
different modes of failure to occur. Debonding could occur at a joint in a JCP or at a crack in a
JCP or CRCP. If debonding did not occur, another type of failure was possible. Testing two types
of pavements allowed more modes of failure to be studied.

Remaining Lif

The concept of remaining life is discussed in detail in Chapter 5. After a pavement has
been subjected to cyclic loading, a certain amount of distress has occurred. If failure is defined
in terms of damage, remaining life can then be defined as the amount of damage left in the
pavement that the pavement can experience before failure. The deterioration of the bonded
overlay is related to the remaining life of the existing pavement at the time of overlay
placement. If a pavement has a low remaining life, many cracks will exist and high stress
concentrations will occur when a BCO is placed. The BCO may then deteriorate at a faster rate
than if placed on a pavement with a higher remaining life. In this laboratory study, the base
slabs were loaded until either a relatively high or low life remained before overlay placement.
The first base slab (a CRCP) was loaded in the same manner as previous laboratory studies
(Refs 2 and 3)... that is for two million cycles at a load intensity of 5 kips. Because little
distress had occurred, this base slab was considered to have a high remaining life. The second
‘base slab (also a CRCP) was loaded until more distress (cracking) had occurred and this was
defined as low remaining life.

The third base slab (a JCP) was loaded until a punch-out occurred (defined in this study
as failure or zero remaining life). The fourth and final base slab (JCP) was loaded with
approximately 70 percent as many repetitions as the third base slab. Less distress had occured
and thus this base slab was defined as having a (relatively) high remaining life.

RR457-2/02



Bonded Overlay

Base S!abX

Fig 2.2. Reproduction of transverse joint in overlay.
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Fig 2.3. Joint in laboratory slab.
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SIMULATION OF FIELD CONDITIONS

In the laboratory, a half-scale model of Houston's Loop 610 pavement was designed.
Loop 610 had a base pavement of 8 inches and the test sections (Ref 1) had overlay
thicknesses of 2 and 3 inches. The pavement system was modeled (Ref 5) using the Loop 610
8-inch base pavement with 3-inch overlay as the prototype. For similar stresses to occur
(with a 5-kip loading in the lab), the thickness of the base slabs was 4 inches and of the
overlays 1-1/2 inches. In addition to modeling the depth of the base slab and overlay, several
other factors had to be taken into account to simulate field conditions. These factors included the
concrete mix design, simulation of pavement continuity, cracking of a slab due to temperature
changes, and simulation of a wheel load. The basis for the simulation of these factors is
described in the following sections.

Mix ign

The mix design for the bonded concrete overlays in the laboratory was the same as used
on the Loop 610 BCO (Ref 6). For steel reinforced and for plain concrete mix, 7 sacks per
cubic yard of Type | cement, a course aggregate factor of 0.60, and a water factor of 4.5 gallons
per sack of cement were used. |n addition, the entrained air was 4 to 6 percent and the slump 2
to 4 inches.

im i v n ntinui

Due to space limitations in the laboratory, it was impractical to have a slab longer than
6 feet. A slab size of 3 feet by 6 feet was chosen, using discrete element analysis techniques
(Ref 2), to allow for a two-dimensional bending model and still meet the laboratory space
requirements. A W6x12 beam was placed at each end of the slab. The ends of the beams were
tightened with bolts which extended through the ends of the beams and were then attached to the
test bed floor. These beams (Fig 2.4) served to model a pavement by simulating the weight of
additional slab length.

RR457-2/02



Fig 2.4. Simulation of a continuous pavement using hold-down beams.
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Temperature Crack

To simulate a crack formed in the field due to temperature changes, the laboratory slab
was put in tension by pulling it horizontally. Pulling bars were embedded into the concrete to
help accomplish this. The pulling bars extended 31-1/2 inches into the slab. This embedment
length helped simulate field conditions; i.e., movement started at the crack and thus maximum
stress occurred at the crack, as in the field. In addition, the first embedded 6 inches of each leg
of the pulling bars were covered with polyethylene which served as a bond-breaker to
encourage the greatest movement at the center of the slab (at the crack).

imulati heel L

The load was transmitted from the load cell to the slab by two steel plates. A 6x6x1 inch
plate was fastened on top of a 6x11x1 inch plate and the plates were then placed next to the
crack at the midspan. The smaller plate helped to distribute the load to the larger plate, which
was approximately the size and shape of a truck tire.

SUMMARY

The procedures used for the construction and loading of the laboratory slabs are similar
to those used in earlier studies. However, in addition to testing 4-inch CRCP slabs, with an 1-
1/2 inch CRC BCO, 4-inch JCP slabs with an 1-1/2-inch JCP bonded overlay were tested. The
laboratory slabs modeled the pavement structure of Loop 610 in Houston. Factors that were
taken into account to simulate field conditions included slab size, concrete mix design, pave ment
continuity, cracking due to temperature changes, and wheel loads.

The primary types of PCC pavements used in the field, CRCP and JCP, were represented
in the laboratory. Different modes of failure could be studied by testing these two different
types of pavements. Each base slab had either a high or low remaining life at the time of overlay
placement. This was done in an attempt to support the hypothesis that an overlay placed on a
pavement with a lower remaining life will fail more rapidly than if placed on a pavement with a
higher remaining life.

RR457-2/02



CHAPTER 3. LABORATORY TEST SET-UP AND PROCEDURES

This chapter explains the preparation necessary to cast the four half-scale model slabs
and the quality control involved. The procedures for simulating a temperature crack and loading
the slab as well as the instrumentation used are also presented in this chapter.

SLAB PREPARATION

Preparing the slabs included everything done prior to cracking and loading the slab.
Roughening the surface of the slab after concrete placement was the last step in the slab
preparation.

Slab Size

The half-scale model slabs were 3 feet wide and 6 feet long. The base slabs were 4
inches deep while the overlays were 1-1/2 inches deep.

Eorms

The forms for the concrete were made of steel and wood and were reusable. The steel

-part of the base slab forms consisted of 4-inch-deep channels. The channels were then bolted to

pieces of wood of the same depth. The forms for the overlay were steel angles, 1-1/2 inches in

depth, also bolted together. Before placing the concrete, the forms were oiled to allow for easy
removal after the concrete had set.

A piece of wood, 1 inch deep, 1/2 inch wide, and 3 feet long was used to form the joint in
the base slab of the jointed model. The wood was placed transversely at the midspan of the slab.
To reproduce the joint in the overlay, a piece of wood having a depth of 1-1/2 inches (equal to
the depth of the overlay), also 1/2 inch wide and 3 feet long, was used as a form. It was placed
on top of the old joint of the base slab to continue the joint in the overlay.

RR457-2/03 13
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Roadbed

Neoprene mats, 1-inch thick and with a durometer of 50, were used as the roadbed. The
first and second slabs were tested on 4 inches of neoprene mats. To allow a slab to be brought to
failure more quickly, 6 inches of neoprene, a weaker subgrade (Ref 2), was used for the third
and fourth slabs. To reduce friction between the neoprene roadbed and the concrete slab, a thin
sheet of polyethylene was used as a bond-breaker. This reduced friction allowed the slab to be
pulled from each end forcing a crack at mid-span.

Steel Placement

The test slabs modeled either CRCP or JCP. Pulling bars, used to form the simulated
temperature crack, were placed in both the CRCP and JCP slabs. Steel for the CRCP slabs also
included a metal strip as well as the reinforcement (Fig 3.1). The JCP slabs had dowels to
transfer load, but no reinforcement.

Pulling Bars. Four Grade 60, #6 rebars were used as the pulling bars. The pulling bars
were placed in the base slab. Each had an inner diameter of 5-1/4 inches. The pull bars
penetrated 31-1/2 inches into the slab, keeping 4-1/2 inches clear on either side of the crack
at midspan.

Reinforcement. A welded deformed steel wire fabric (4 x 15-D8 x D4 for the base slab
and 4 x 24-D4 x D4 for the overlay) in a flat sheet was used for the CRCP. The slabs as well as
_the overlays were each reinforced 0.50 percent longitudinally. The steel was placed at mid-
depth of the base slab, using 2-inch chairs. Before pouring the overlay, the steel was placed at
the top of the base slab. In the first slab, grout was used, and the steel was placed after the
grout had been brushed on. No grout was used on the remaining slabs. The steel was supplied by
Ivy Steel & Wire Co. and conformed to ASTM Standards 496 and 497.

Metal Strip. A 20-gauge metal sirip, with a 1-inch height, was positioned
transversely at the mid-span of each of the CRCP base slabs. The purpose of this strip was to
form a weak section in the concrete, and thus, force a crack to form at the desired place in the
slab. The metal strip was not necessary for the JCP slabs since the joint provided a weakened
cross-section.
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Fig 3.1. CRCP base slab prior to concrete placement. Note metal strip at midspan, pulling
bars, and welded wire fabric.
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Dowels. The dowels had a diameter of 1/2 inch and were 9 inches long. Each dowel was
placed at 6 inches center-to-center at the midspan of the slab (where the joint was formed).
Five dowels were used in each JCP base slab.

. te Mix Desi

The mix specifications for the base slab were

(1)
(2)

(3)
(4)
(5)

Type | Cement - 5 sacks/cubic yard, supplied by J & J Masonry,

Aggregate - 1335 Ib/cubic yard, 3/4 inch max (first and second slabs) or
1/2-inch max (third and fourth slabs),

Sand - 1320 Ib/cubic yard,

Slump - 2 to 4 inch, and

Air entrainment - 3 to 6 percent.

The 3/4-inch aggregate used initially was ifficult to work with on the 1-1/2-inch
overlay. Thus the aggregate was changed to a 1/2-incti raax.

The mix specifications for the overlay were thiz samic except that 7 sacks/cubic yard of
the Type | cement was used. When grout was necded, e ratio of 1 sack of cement to 7 gallons of
water was used. The grout was brushed on immgdiately before the overlay was placed.

Boughening the Surface

About 3 hours after the base slabs were placed, the surfaces were roughened (Fig 3.2)
with a trowel to simulate the scarified base slab. This prevented the need for scarifying the dry
concrete surface before placing the overlay.

RR457-2/03



RR457-2/03

Fig 3.2. Roughened surface of base slab.
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QUALITY CONTROL

After mixing the concrete, slump tests and air entrainment tests were performed. In
addition, test specimens were made for both the base slab and the overlay. The specimens
included three each of compression cylinders, flexural beams, and splitting-tensile cylinders. |

These specimens were then evaluated at 7 days (Tables 3.1 and 3.2). Results shown are
the average of three tests.

CRACKING THE SLAB

The slabs were cracked within a maximum of 24 hours after placing the concrete. The
pulling mechanism (Fig 3.3) used to crack the slab and overlay consisted of the following parts:

(1) Dead Ends: There were two dead ends, each having two L8 x 8 x 1 sections welded
together and supported on structural tubing secured to the floor by 14 high-strength bolts. The
dead end at the fixed end (Fig 3.4) had four slots cut through it to accomodate the pulling bars,
which were anchored in place by half-round seciions. The pulling dead end had one slot to
accomodate the pulling bolt.

(2) Pulling Frame: The pulliny frume included two channels such that the pulling
bars could slide between the channels. Thea puiing bars were anchored by half-round sections.

(3) Wire Rope: A 1-inch wire rope was looped through a connecting section
(attached to the pulling frame) and the pulling bolt. The wire rope was held together by seven
1-1/8-inch Crosby cable clamps (Fig 3.5).

(4) Pulling Bolt: The 1-1/2-inch diameter heavy threaded pulling boit was fitted
through the slot in the pulling dead end. Several washers were placed before the large nut that
was attached to the pulling bolt. This nut was tightened with a large wrench (Fig 3.6) so that
the horizontal forces necessary to crack the slab would be placed on the slab.

The test set-up for cracking the slab is similar to the set-up used by Randall (Ref 2).
Further details of the set-up can be found in Reference 2.

RR457-2/03
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TABLE 3.1. RESULTS OF QUALITY CONTROL TESTS FOR BASE SLABS

7-Day 7-Day 7-Day
Base | Slump | Percent Air | Compressive Flexural Tensile
Slab No. | (Inches) | Entrained Strength (psi) | Strength (psi) |Strength (psi)
1 3 6 2310 520 280
2 3 1/2 4 1/2 2370 460 280
3 2 12 6 3030 780 320
4 2 12 5 3200 600 360
TABLE 3.2. RESULTS OF QUALITY CONTROL TESTS FOR OVERLAYS
7-Day 7-Day 7-Day
Overlay | Slump | Percent Air | Compressive Flexural Tensile
No. (Inches) | Entrained Strength (psi) | Strength (psi) | Strength (psi)
1 3 1/2 6 2540 540 350
2 2 1/2 5 1/2 4400 690 500
3 3 172 6 3680 920 350
4 3 4 4210 800 290
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Fig 3.4. Fixed dead end of the pulling mechanism used to crack each base slab and overlay.
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Fig 3.6. Wrench used at pulling end to crack slab.
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INSTRUMENTATION

Each slab and overlay was monitored for crack width and deflection. Berry strain gauges
were used to measure crack widths, and direct current displacement transducers (DCDTs) were
used to record vertical deflections.

Berry Strain Gauge

For each slab and overlay, several pairs of gauge plug points were placed in the concrete
before the concrete had hardened. A pair of gauge plug points consisted of one point on either
side of the crack, and thus the crack width could be measured with the Berry strain gauge
(Fig 3.7). The gauge plug points were placed 8 inches apart. Initial readings, before the slab
had been cracked, were taken. Readings after the slab had been cracked were also taken. The
crack width was found by taking the difference between the readings taken after the slab had
been cracked and the initial readings.

The Berry strain gauge has an accuracy of + 0.001 inch. For each measurement, three
readings were taken and the average value was used in calculating the crack width (Table 3.3).

DCDTs

Four DCDTs were placed in a line parallel to and approximately one inch away from the
loading plate (Fig 3.8). The DCDTs were numbered and placed in the following manner:

DCDT #1 - 3 inches from the crack on the non-loaded side

DCDT #2 - approximately 1/4 inch from the crack on the loaded side
DCDT #3 - 8 inches from the crack on the loaded side

DCDT #4 - 16 inches from the crack on the loaded side.

RR457-2/03
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TABLE 3.3. AVERAGE CRACK WIDTHS.

Base
Slab No.

Base Slab with
Overlay No.

Average Crack
Width (Inches)

1
2
3
4

AOWON

0.037
0.030
0.079
0.086
0.012
0.016
0.047
0.034

RR457-2/03
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Fig 3.7. Berry strain gauge used to measure crack width at the midspan of each base slab
and overlay.

Fig 3.8. DCDTs used to measure vertical displacements for each base slab and overlay.
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In addition, a fifth DCDT (Fig 3.9) was placed on the non-moving steel bar that held the
other four DCDTs in place. All of the DCDTs were zeroed at the start of loading. The fifth DCDT
would thus remain at zero throughout loading--this served as a check to make sure the bar that
held the DCDTs in place did not move during loading.

LOADING THE SLAB

Before the slab was {oadad, the tie-down beams were placed at the ends of the slab and the
loading plate was centered on the slab, behind the crack, and held in place by a mixture of
gypsum and water to insure a uniform bearing surface.

The equipment that was used to load the slab and overlay consisted of the following:

(1) MTS System: A Material Testing System (MTS), Model 810 (Fig 3.10),
including a master control panel (Model 413), a controller (Model 442), a
digital function generator (Model 410), and a counter panel (Model 417) was
used to drive the loading actuator.

(2) Loading Actuator: A MTS Model 34G-E1 fatigue-rated loading actuator, with a
capacity of 35 kips, was used for loading.

(3) Loading Frame: The loading frame (Fig 3.11) included vertical supports with
inner diameters of 3 inches, outer diameters of 4 inches, and upper beams (two
W10 x 15) and lower beams {iwo W12 x 16.5).

The test set-up for loading the slab is similar to the set-up used by Randall (Ref 2).
Further details of the set-up can be found in Reference 2.

RR457-2/03



Fig 3.9.

RR457-2/03

27

DCDT placed on a stationary bar serves as a check for the other DCDTs used to
record vertical displacements.
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Fig 3.10. MTS System used to drive the loading actuator.
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Fig 3.11. MTS actuator, supported on frame, used to load each base slab and overlay.
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CHAPTER 4. PRESENTATION OF DATA

This chapter presents the data from the four laboratory test slabs. The loading history
of each base slab and overlay and the average deflections are presented first. Load transfer,
cracking development, and interface shear test results are then presented.

LOADING HISTORY

At the start of testing, it was decided to load each slab with two million load repetitions
at 5 kips to compare the results with previous work (Refs 2 and 3). Thus the first slab was
loaded at 5 kips for approximately 2 million cycles (Table 4.1). The overlay was placed and
loaded with almost 8 million cycles at 5 kips. Little damage had occurred so the load was
increased to 10 kips.

The second base slab was to have a lower remaining life before overlaying than the first
slab. After 4 million cycles at 5 kips, the load was increased to 10, 15, and then 20 kips (the
capacity of the loading actuator) to produce further damage. The overlay was placed and loaded
with 5, 10, and 20, kips when an equipment failure occurred. The equipment had to be replaced
and, as a result, testing was shut down for five months. When the loading of the overlay
resumed, a load of 5 kips and then 20 kips was again placed.

The third slab, a plain jointed concrete pavement, was brought to a punch-out like

-failure relatively quickly with approximately 1 million cycles at 5 kips, 2 million at 10 kips,
and 2000 at 20 kips. The failure resembled the punch-outs normally associated with CRC
pavements as seen in Fig 4.5. The third overlay was loaded with 5 and 10 kips when a punch-
out failure again occurred.

It was decided to load the fourth slab to 70 percent of the third slab. Since the third slab
had failed (zero remaining life), the fourth slab would have approximately 30 percent
remaining life. The fourth overlay was loaded with the same number of 5- kip load repetitions
as the third overlay before increasing the load to 10 kips.
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TABLE 4.1. LOADING HISTORY OF LABORATORY SLABS

Slab Number Load Number of Load Cumulative Number
and Type (kips) Repetitions at Given Load of Load Repetitions

Base Slab No. 1

CRCP 5 2,002,000 2,002,000
Overlay No. 1 5 1,252,000 1,252,000
CRCP 10 7,951,000 9,203,000
5 4,400,000 4,400,000
Base Slab No. 2 10 800,000 5,200,000
CRCP 15 2,400,000 7,600,000
20 400,000 8,000,000
5 836,000 836,000
10 1,564,000 2,400,000

Overlay No. 2
20 928,000 3,328,000

CRCP

5 2,300,000 5,628,000
20 3,999,000 9,627,000

(continued)
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TABLE 4.1. (CONTINUED)

Slab Number Load Number of Load Cumulative Number
and Type {kips) Repetitions at Given Load of Load Repetitions
Base Slab No. 3 5 1,271,000 1,271,000
JCP 10 1,715,000 2,986,000
20 2,000 2,988,000
Overlay No. 3 5 5,040,000 5,040,000
JCP 10 442,000 5,482,000
Base Slab No. 4 5 950,000 950,000
JCP 10 1,228,000 2,178,000
Overlay No. 4 5 5,163,000 5,163,000

JCP 10 7,683,000 12,846,000
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DEFLECTION

In the laboratory, deflections were measured with direct current displacement
transducers (DCDTs). DCDTs were placed in four different locations (Fig 4.1). Table 4.2
presents a summary of average deflections at each DCDT for each slab and overlay. It must be
noted that the CRCP slabs were placed on 4-inches of neoprene and the JCP slabs were placed on
6-inches of neoprene. Average deflections for each load intensity are presented since
deflections stayed fairly constant with time unless the load was increased. Complete plots of
deflection as a function of the number of load repetitions can be found in Appendix A.

The summary of deflections shows the increase in deflection with increasing load. In the
CRCP, as the load was doubled from 5 to 10 kips (Overlay No. 1) or from 10 to 20 kips (Base
Slab No. 2), the deflection increased by over 100 percent . In the JCP, as the load was doubled
from 5 to 10 kips (Slabs 3 and 4), deflection increased by an average of 60 percent .

The decrease in deflection when an overlay was placed is also shown. For CRCP, a 60
percent average reduction in deflection was noted after an overlay was placed. A reduction of
about 40 percent occurred when an overlay was placed on a JCP.

In general, DCDT #2 measured the greatest deflections (except for Slab 2, where DCDT
#3 showed the largest deflections). In the CRCP, DCDT #3 measured larger deflections than
DCDT #1, while the opposite was true for the JCP. DCDT #4 measured the smallest deflections
for both the CRCP and the JCP slabs.

LOAD TRANSFER

For a CRCP, the load must be transferred across transverse cracks. For a JCP, the load
is transferred across transverse joints, using dowels as load-transfer devices. A measure of
load transfer can be made by comparing deflections on the loaded and unloaded sides. If the
deflection on the unloaded side is equal to the deflection on the loaded side, each side is carrying
one half of the applied load and the load transfer is 100 percent effective.

In the laboratory, deflection on the unloaded side was measured by DCDT #1, and DCDT
#2 measured deflection closest to the crack or joint on the loaded side. Load transfer is defined



DCDTs

Load

(a) Plan view.

#1

//

(b) Side view.

Fig 4.1. Location of DCDTs.
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TABLE 4.2. SUMMARY OF LABORATORY MEASURED DEFLECTIONS

Average Deflections (Inches)

Slab Number Load DCDT DCDT DCDT DCDT
and Type (kips) No. 1 No. 2 No. 3 No. 4
Base Slab No. 1
5 0.005 0.026 0.021 0.021
CRCP
Overlay No. 1 5 0.002 0.009 0.005 0.002
CRCP 10 0.015 0.020 0.017 0.013
5 * 0.016 0.017 0.014
Base Slab No. 2 10 0.014 0.017 0.019 0.016
CRCP 15 0.019 0.025 0.028 0.021
20 0.034 0.042 0.049 0.031
Overlay No. 2
20 0.016 0.023 0.031 0.014
CRCP

* Data unavailable

(continued)



TABLE 4.2. (CONTINUED)

Average Deflections (Inches)

Slab Number Load DCDT DCDT DCDT DCDT
and Type (kips) No. 1 No. 2 No. 3 No. 4
Base Slab No. 3 5 0.085 0.095 0.062 0.040
JCP 10 0.123 0.166 0.106 0.050
Overlay No. 3 5 0.040 0.075 0.040 0.035
JCP 10 0.057 0.123 0.053 0.039
Base Slab No. 4 5 0.086 0.087 0.062 0.029
JCP 10 0.116 0.137 0.103 0.041
Overlay No. 4 5 0.037 0.042 0.031 0.023
JCP 10 0.062 0.081 0.056 0.041

* Data unavailable
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as the deflection on the unloaded side (measured by DCDT #1) divided by the deflection on the
loaded side (measured by DCDT #2). Figures 4.2, 4.3, and 4.4 present the load transfer of
slabs 2, 3, and 4, respectively. DCDT #1 of Slab No. 1 was incorrectly calibrated and thus the
load transfer results of the first slab are not available.

The load transfer of Base Slab No. 2 (Fig 4.2) starts out high (95 percent) and stays
fairly constant with changing load. Before overlaying, the load transfer is 85 percent and the
placement of the overlay increases the load transfer slightly. The load transfer of the overlay
stays fairly constant for about 8 million load repetitions and then it drops off to about 60
percent .

The load transfer of Base Slab No. 3 (Fig 4.3) starts at 95 percent and decreases
rapidly to about 70 percent before failure. A punch-out like failure occurred during the 2000
load repetitions at 20 kips, bringing the load transfer down to zero. Before the overlay was
placed, the slab was repaired with a polymer concrete consisting of 4 parts of a 50 percent
benzoyl peroxide powder and 1 part of a 12 percent cobalt naphthenate solution added to 100
parts of a commercially available high molecular weight monomer. Figure 4.5(a) and (b) show
Slab No. 3 before and after repair. When Overlay No. 3 was placed, the load transfer was
increased from zero to 60 percent . The load transfer dropped to about 30 percent before a
similar failure (Fig 4.6) occurred during a 10-kip loading, dropping the load transfer again to
zero.

The load transfer of Base Slab No. 4 (Fig 4.4) stayed at around 100 percent for the 5-
kip loading and then dropped and stayed around 85 percent during the 10-kip loading. After
placing the overlay, the load transfer stayed fairly constant for 13 million load repetitions, at
around 80 percent .

CRACK DEVELOPMENT

During the AASHO Road Test (Ref 7), cracks that developed on rigid pavements were
classified as Class 1, 2, 3, or 4. Class 1 includes fine cracks that are not visible under dry
surface conditions from 15 feet away. Class 2 cracks can be seen at 15 feet but have a width of
less than 1/4 inch. Class 3 cracks are opened or spalied at the surface to a width of 1/4 inch or
more over a distance at least equal to 1/2 of the total crack length. A Class 4 crack is any crack
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Fig 4.2. Load transfer of Base Slab and Overlay No. 2.
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(a) Before repair.

(b) After repair.
Fig 4.5. Punchout failure of Base Slab No. 3.



Fig 4.6. Punchout failure of Overlay No. 3.
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that has been sealed. Only Class 3 and Class 4 cracks are used in calculating the present
serviceability index.

Figures 4.7, 4.8, and 4.9 show the cracking development of Base Slab and Overlay Nos.
1, 2, and 3, respectively. Cracking is presented as feet of crack length per 1000 square feet of
pavement surface. The classification of the cracks is also shown. Each slab and overlay was
pulled in tension to force a simulated temperature crack at midspan. The length of this
simulated temperature crack is not included in the cracking total. However, during this pulling
process, for Overlay No. 1 and Base Slab and Overlay No. 2, other cracks occurred at weak spots
in the concrete. This additional cracking which occurred during the pulling process is included
and shown as the amount of cracking at zero load repetitions. Both Base Slab and Overlay No. 4
had no cracking throughout the entire loading period; thus no cracking development is presented
for the fourth slab. Further details of the cracking development can be found in Appendix B.

The cracking in Base Slab No. 1 (Fig 4.7) started at zero and increased to about 700
feet/1000 square feet in 2 million cycles. When the overlay was placed, there was some
initial cracking during the simulation of the temperature crack but there was no additional
cracking during the 9 million load repetitions. Figures 4.10 and 4.11 show the crack on
Overlay No. 1.

Base Slab No. 2 (Fig 4.8) initially had 800 feet/1000 square feet of cracking and after
8 million cycles the cracking had increased to 1400 feet/1000 square feet (Fig 4.12). After
Overlay No. 2 was placed, it initially had 1050 feet/1000 square feet (Fig 4.13) of cracking
which increased to 1550 feet/1000 square feet (Figs 4.14, 4.15, 4.16, and 4.17).

Base Slab No. 3 (Fig 4.9) started at zero cracking, increased to about 200 feet/1000
square feet, and then rapidly increased to 700 feet/1000 square feet as failure occurred (Fig
4.18). Overlay No. 3 also started at zero cracking and increased to about 450 feet/1000 square
feet over 5 -1/2 million load repetitions before failure (Fig 4.19).

INTERFACE SHEAR STRENGTH

Shear stress was measured at the interface of Slab Nos. 2, 3, and 4 using the direct
shear apparatus developed by the Center for Transportation Research (Ref 8). Cores were
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Fig 4.10. Overlay No. 1 after 8 million cycles.

Fig 4.11. Overlay No. 1 after 9 million cycles.



Fig 4.12. Base Slab No. 2 after 8 million cycles.

Fig 4.13. Overlay No. 2 at start of loading.
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Fig 4.14. Overlay No. 2 after 9 million cycles.

Fig 4.15. Corner of Overlay No. 2 (loaded side) after 9 million cycles.



Fig 4.16. Cracks on unloaded side of Overlay No. 2 after 9 million cycles.

Fig 4.17. Bottom view of Slab No. 2.
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Fig 4.18. Base Slab No. 3 after 3 million cycles.

Fig 4.19. Overlay No. 3 after 3 million cycles.
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taken from corner and interior locations of the slab after loading was completed. Cores were
taken by the Concrete Coring Company, Austin, Texas.

Slab No. 2 (Fig 4.20) had an average shear strength of 253 psi and a standard deviation
of 74 psi. Nine cores were taken although one core, taken from directly underneath the loading
plate, fell apart during the coring process due to heavy cracking. There were no signs of
delamination for Slab No. 2.

Slab No. 3 (Fig 4.21) had an average shear strength of 139 psi and a standard deviation
of 102 psi. These numbeis inciuds 2 cores out of the 11 taken (Figs 4.22 and 4.23) that had
zero shear strength. Delamination in Slab No. 3 had occurred directly beneath the loading plate
and at one of the corners of the slab.

Slab No. 4 (Fig 4.24) had an average shear strength of 270 psi and a standard deviation
of 62 psi. There were no signs of delamination in Slab No. 4.






//////////
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Fig 4.22. Core taken from corner of Slab No. 3.

Fig 4.23. Core taken from underneath the loading plate of Slab No. 3.









CHAPTER 5. ANALYSIS OF DATA

This chapter introduces the concepts of damage, remaining life, and fatigue. The
relationship between remaining life and applied load repetitions for a pavement before and after
overlaying is explored. This chapter quantifies this relationship using the laboratory data. A
summary is also presented.

PAVEMENT DAMAGE

The damage experienced by a pavement due to a cyclic loading at a constant stress may be

defined as
n
d =— A
N (5.1)
where
d = damage experienced by the pavement,
n = past number of applied load repetitions at the constant stress, and
N = total allowable number of load repetitions at that stress.

Failure occurs atd = 1.0, that is, when the number of applied load repetitions is equal to the
allowable number. For a variety of stress levels, Miner's Hypothesis (a linear damage
hypothesis) states
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where
dr = total damage experienced by the pavement,
nN = as defined previously, and

1,2, ... m = m different stress levels.

Again, failure is defined as dy = 1.0

THE CONCEPT OF REMAINING LIFE

Remaining life can be defined as the amount of damage left in a pavement layer after it
has been subjected to cyclic loading (Ref 9). If the damage at failure is defined as 1.0,
remaining life at some time, t, in the pavement life is

RL =1.0 - q (5.3)
where
RL = remaining life at time t, and
d; = damage at time t.

Remaining life is usually expressed as a percentage.

The concept of remaining life is important because remaining life is considered to be
highly correlated with data from condition surveys or field observations of the distressed
pavement (Ref 10). There is often difficulty in obtaining accurate past traffic information.
The development of a relationship between remaining life and field data would help eliminate
the need for this precise past traffic information. When pavement rehabilitation is being
considered, field data could be relied upon more.

Remaining life is also important in that the deterioration of the bonded overlay is related
to the remaining life of the existing pavement at the time of overlay placement. If a pavement
has a low remaining life, many cracks will exist and high stress concentrations will occur when
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a BCO is placed. It follows that the BCO will deteriorate at a faster rate than it would if placed on
a pavement with a higher remaining life.

The relationship between remaining life and load repetitions (Fig 5.1) consists of two
parts: the remaining life of the pavement (before and after overlaying) and the remaining life
of the overlay. At zero load repetitions, the new pavement has a remaining life of 100 percent .
The pavement deteriorates at a certain rate until the overlay is placed (Point A). After overlay
placement, the original pavement deteriorates at a slower rate because the stresses in the
pavement are now lower. The remaining life of the overlay also starts at 100 percent . The
rate of deterioration becomes greaier at Point B, because, at that number of cycles, the original
pavement has reached failure (Point C) and starts to behave as a subbase, and the stresses in the
overlay are increased.

FATIGUE IN RIGID PAVEMENTS

Before the life of a pavement can be predicted, the end pavement condition, or failure,
must be defined. There are two types of failure: structural failure and functional failure. A
structural failure consists of a major breakdown of one or more of the pavement components,
resulting in the loss of the load-carrying capacity of the pavement (Ref 11). A functional
failure depends primarily on the roughness of the pavement surface. The pavement can no
longer carry out its intended function at the same level (measured by the present serviceability
index).
| A fatigue equation is used to predict the allowable number of load repetitions on a
pavement. The fatigue equation usually predicts a structural failure or a terminal condition at
which further load repetitions would result in a rapid increase in distress. For rigid
pavements, the fatigue equation can take the form of

n=a (<) 64
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Fig 5.1. Remaining life (Ry) as a function of load repetitions (N).
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where
N = allowable number of load applications,
f = flexural strength of the concrete,
c = critical tensile stress in the concrete under load, and
AB = constants.

Figure 5.2 shows a fatigue equation of this form. It was developed (Ref 10) from field
data, using a terminal stress condition of cracking = 50 feet/1000 square feet.

ANALYSIS OF LABORATORY DATA

In the laboratory, two CRCP slabs and two JCP slabs were tested. Different types of
distress occurred for the different types of pavements. Thus the CRCP and the JCP slabs were
analyzed separately but comparisons were made between the two pavement types. The CRCP
slabs (Nos. 1 and 2) is discussed first. .

Base Slab No. 2 exhibited heavier cracking than Base Slab No. 1. For the purpose of
developing a remaining life analysis, failure is defined as the condition of cracking = 1400
feet/1000 square feet, which occurred at the end of loading of Base Slab No. 2. Because the
slabs were loaded at various intensities (5, 10, 15, and 20 Kips), equivalency factors must be
derived to be able to compare the loadings. As mentioned previously, the general form of a
'fatigue equation on a rigid pavement is

al|l—-
~——

N=A ( (55)

Taute et al (Ref 10) developed a fatigue equation with A = 46,000 and B = 3.0.
Assuming B = 3.0 for this study, the ratio of the allowable number of load repetitions with a
5-Kip loading to that of a 10-kip loading is
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Fig 5.2. Rigid pavement fatigue equation.
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to

kI (010) N, = (010) N 5.7
N, = \g or Ny = \— R
5 5

Similar relationships can be derived for 15 and 20-kip loads. Stresses used in calculating the
equivalencies (Table 5.1) were found (Appendix C) using an elastic layered computer program
(Ref 12).

The loading history (Table 4.1) of Base Slab No. 2 can now be converted to equivalent 5
kip loads:

4,400,000 @ S5kips x 1.0 = 4,400,000
800,000 @ 10 kips x 8.0 = 6,400,000
2,400,000 @ 15 kips x 27.2 = 65,300,000
400,000 @ 20 kips x 64.4 = 25,700,000
X = 102,000,000

Thus, a total of 102 x 108 equivalent 5-kip load repetitions will produce failure (as defined by
cracking = 1400 feet/1000 square feet). Using the same definition of failure, Overlay No. 2
failed (Table 5.2) after 6.7 million cycles. Converting to equivalent loads, Overlay No. 2 had
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TABLE 5.1. LABORATORY LOAD EQUIVALENCIES

Equivalent Number

Load of 5-kip
(kips) Loads
5 1.0

10 8.0
15 27.2

20 64.4




TABLE 5.2. EQUIVALENT LOAD REPETITIONS AND CRACKING FOR SLABS 1 AND 2.

Total Number of Total Number of Equivalent ~ Total Cracking
Load Repe3tmons Lpa d 5-kip Load F;epeutlons ( ft
(x10 ) (kips) (x10 ) 1000 ft 23
0 0 0 0
100 5 100 211
195 5 195 339
Base Slab No. 1 707 5 707 506
832 5 832 540
1,373 5 1,373 693
2,002 5 2,002 693
0 0 0 792
800 5 800 864
4,400 5 4,400 864
Base Slab No. 2 5,200 10 10,800 864
7,600 15 76,080 864
8,000 20 101,840 1429
0 0 0 174
Overlay No. 1 7,951 5 7,951 174
9,203 10 18,047 174
0 0 0 1049
836 5 836 1090
2,400 10 13,348 1100
3,328 20 73,111 1107
5,628 5 75,411 1193
Overlay No.2 6,700 20 144 448 1401
7,700 20 208,848 1484
8,100 20 234,608 1506
8,900 20 286,128 1549
9,400 20 318,328 1557

9,627 20 332,947 1557
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failed after 144 million cycles. Although the base slab had failed before the overlay was placed ,
the overlay still had a life 1-1/2 times longer than the base slab had (Fig 5.3).

Base Slab No. 1 had 2.002 x 108 5-kip load repetitions applied. Because failure should
occur at 102 x 108 5-kip cycles, Base Slab No. 1 had a remaining life of (1.0 -
[2.002/102]), or 98 percent . Although Base Slab No. 1 had a fairly high amount of cracking
(considering a 98 percent remaining life), the cracking development (refer to Fig 4.7) shows
that the cracking stays constant after an initial amount of cracking and could remain at that
level for a large number of load repetitions, as was the case for Base Slab No. 2 (Fig 4.8).

Overlay No. 1 had 7.951 x 108 cycles at 5 kips and 1.262 x 106 at 10 kips for a total of
18 x 108 equivalent 5-kip repetitions. Cracking was low (Fig 4.7) and did not increase during
the entire loading period. It was apparant that the overlay was not going to fail for quite some
time at loads of 5 and 10 kips. Equipment to handle the higher loads, 15 and 20 kips, had to be
exchanged for the equipment that was initially being used. It was thus decided to set up the
equipment to handle the higher loads and to proceed to the more critical case, Slab No. 2 (low
remaining life of base slab before overlay placement).

The remaining lives of Base Slab and Overlay No. 1 are shown with those for Slab No. 2
(Fig 5.4). The slope of the remaining life of Base Slab No. 1 and 2 are the same until Base Slab
No. 1 is overlayed at 98 percent remaining life. The remaining life slope of Base Slab No. 1
then becomes flatter because the placement of the overlay reduces the stresses. The remaining
life slopes of the overlays can not be the same because the conditions of the base slabs at time of
overlay placement were different. The remaining life slope of Overlay No. 1 is expected to be

.flatter than Overlay No. 2 because of the better condition of Base Slab No. 1 and because of the
(lack of) cracking development in Overlay No. 1.

The remaining life of Slab Nos. 1 and 2 can be related to the cracking that occurred in the
laboratory (Fig 5.5). Total cracking is plotted as a function of equivalent 5-kip wheel load
repetitions on a semi-logarithmic scale. The data of Base Slab Nos. 1 and 2 can be correlated
with a straight line having a slope of 500. A few of the data points from Slab No. 2 appear not to
fit this lin observed cracking being lower than predicted during load repetitions of 107 to 108 .
Most likely, during this period, cracking was occuring internally and cracks, tightly closed at
the surface, were difficult to observe. After additional load repetitions, the cracking is again
accurately predicted.
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The cracking development of the overlays occurs in two distinct phases. In the first
stage, cracking is fairly constant over a large number of load repetitions. At a certain poiht, the
cracking increases at a rate more rapid than that of the base slabs. This transition point may be
where the base slab has zero remaining life and begins to act as a subbase. Overlay No. 1, placed
on a slab with a high remaining life, never reached the second phase of cracking. However, the
two phases can be seen in Overlay No. 2. The slope of the line during the second state is
approximately 630, greater than the rate of 500 of the base slabs.

For the JCP slabs, failure was defined as a punch-out. Base Slab and Overlay No. 3 both
experienced punch-out failures. Base Slab No. 3 had 15 x 108 (Table 5.3) equivalent loads
before failure occurred and Base Slab No. 4 had 11 x 108; thus the remaining life of Base Slab
No. 4 is (1.0 - [11/15]) or 27 percent . Overlay No. 3 had 9 x 108 equivalent load
repetitions before failure while Overlay No. 4 had 67 x 108 equivalent loads, with no signs of
failure, before the test was stopped.

Although Base Slab No. 3 was taken to failure, it was repaired with a polymer concrete
and thus had some life left at the time of overlay placement (Fig 5.6). Due to the nature of the
failure it can be assumed that Base Slab and Overlay No. 3 failed at the same time (the base slab
failing for the second time) at Ng = 24 million. Although the remaining life slope of Overlay
No. 4 is not known, it can be seen that it is much flatter than the slope of Overlay No. 3 because
at N = 78 million, Overlay No. 4 still had a high remaining life (no cracking or any sign of
distress had occurred). This flatter slope with Overlay No. 4 deteriorating at a slower rate than
Overlay No. 3--is a result of the remaining life that existed in Base Siab No. 4 at the time of
.overlay placement.

Because the mode of failure for the JCP was a punchout, rather than total cracking, no
relationship between cracking and load repetitions can be found, as was with the CRCP. With
the JCP, cracking occurred and, with further load repetitions, these cracks became wider. With
the CRCP, the cracks did not increase in width.
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TABLE 5.3. EQUIVALENT LOAD REPETITIONS FOR SLABS 3 AND 4

Total Number of
Load Repetitions

Load

Total Number of
Equivalent 5-kip
Load Repetitions

3 3
Slab Type (x 10 ) (kips) (x 10 ")
Base 1,271 5 1,271
Slab 2,986 10 14,991
No. 3 2,988 20 15,210
Base
" Slab 950 5 950
No. 4 2,178 10 10,774
Overlay 5,040 5 5,040
No. 3 5,482 10 8,576
Overlay 5,163 5 5,163
No. 4 12,846 10 66,627
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SUMMARY

Although Overlay No. 2 was placed on a failed base slab, it still had a fatigue life 45
percent longer than the base slab. Overlay No. 1 was placed on a base slab with a high remaining
life. This overlay had a much lower rate of change of distress (cracking) than Overlay No. 2.

The relationship between cracking and load repetitions for CRCP base slabs (Nos. 1 and
2) can be correlated on a semi-logarithmic scale. Cracking for the overlays followed two
distinct phases. The first was fairly constant over a large number of load repetitions. Next, the
cracking increased at a rate more rapid than that of the base slabs. The transition point between
these two stages may be where the base slab fails (zero remaining life) and begins to act as a
subbase.

Overlay No. 3, placed on a failed base slab, still had a fatigue life 60 percent greater
than the base slab itself. However, the base slab had been repaired with a polymer concrete
before overlaying. The rate of change in remaining life of an overlay placed on a base slab with
a high remaining life (Base Slab No. 4) was much lower than that of one placed on a failed (but
repaired) base slab (Base Slab No. 3). In addition, Overlay No. 4 had a life at least nine times
greater than Overlay No. 3. The loading of Overlay No. 4 was stopped before the overlay showed
any sign of distress, and thus a life nine times greater is a conservative estimate.






CHAPTER 6. DISCUSSION OF RESULTS

This chapter presents a discussion of the results of the laboratory experiments and of
the analysis of laboratory data.

LABORATORY EXPERIMENTS

The discussion of the results of the laboratory experiments is presented in the same
manner as the presentation of data in Chapter 4. The loading history, deflection, load transfer,
cracking development, and interface shear strength are discussed.

Loads of 5, 10, 15, and 20 kips were placed on the laboratory slabs and overlays. In
Chapter 4, a loading history was presented. In Chapter 5, load equivalencies based on a fatigue
equation were derived. Table 6.1 presents a summary of equivalent loads placed on each slab and
overlay. Comments regarding the state of distress at the completion of loading are also included.

Deflection

Deflections on the jointed pavement slabs were 3 to 6 times larger than on the
“continuously reinforced base slabs (although the JCP slabs were placed on 6 inches of neoprene
while the CRCP slabs were on 4 inches). On the JCP overlays, the deflections were
approximately 6 to 8 times greater than the deflection on the CRCP overlays.

As a load was doubled (5 to 10 kips or 10 to 20 kips) on the CRCP, deflections also
doubled. On the JCP, as the load was doubled from 5 to 10 kips, the deflection increased by an
average of 60 percent.

There was a decrease in deflection after overlaying. An average deduction of 60 percent
occurred for the CRCP and 40 percent for the JCP.
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TABLE 6.1. SUMMARY OF EQUIVALENT LOADS

Total Number of

Slab Number Equivalent 5-kip
and Type Load Repetitions Comments
Base Slab No. 1 6 Moderate
CRCP 2 x 10 Class 1 and 2 Cracking
Overlay No. 1 Some Initial Cracking,
CRCP 18 x 10 No Additional Cracking
Base Slab No. 2 6 Severe Cracking
CRCP 102 x 10 (Class 1 and 2)
6 Cracking More Severe
Overlay No. 2 332 x 10 Than Base Slab No. 2
CRCP (Still Class 1 and 2)
Base Slab No. 3 Class 1, 2, and 3
JCP 15 x 10 Cracking;Failure
Over|ay No. 3 6 Class 1, 2, and 3
JCP 9 x 10 Cracking; Failure
Base Slab No. 4
JCP 11 x 10 No Signs of Distress
Overlay No. 4
JCP 67 x 10

No Signs of Distress
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Load Transfer

All of the base slabs started with a high level of load transfer, 95 to 100 percent. Base
Slab Nos. 2 and 4, both in relatively good condition at the end of loading, had a load transfer of
80 percent before overlay placement. The load transfer of Base Slab No. 3 dropped to 70
percent before failure (essentially zero load transfer).

Overlay placement increased the load transfer. The placement of the overlay on Base
Slab No. 2 increased the load transfer to 90 percent. At the end of loading, the overlay was
severely cracked and the load transfer had dropped to 60 percent. After Base Slab No. 3was
repaired with a polymer concrete, the overlay increased the load transfer to 60 percent. it then
decreased to 30 percent before failure. A large decrease in load transfer may thus indicate
imminent failure. After Overlay No. 4 was placed , the load transfer remained fairly constant
around 80 percent.

Crack Development

The CRCP slabs had more initial cracking (before loading) than the JCP slabs. The
temperature crack that was simulated at the midspan of the slab was to be opened to a width of
0.04 inch. This width was easy to obtain for the jointed slabs, but, for the CRCP, more tension
had to be applied and thus more cracking occurred at weak spots throughout the slab.

Because of this initial cracking, the CRCP slabs had more total cracking than the JCP
.slabs. However, all of the CRCP cracking was Classes 1 and 2 while the majority of the JCP
cracking was Class 3.

Overlay No. 1 was placed on a base slab that had a high remaining life. The cracking was
less than one-third that of the base slab and had all occurred before the start of loading.

Base Slab No. 2 was severely cracked at the time of overlay placement. Overlay No. 2
obtained an even higher level of cracking in a shorter loading period.

Both Base Slab and Overlay No. 3 experienced punch-out like failures. However, when
the overlay failed, it had less cracking than the base slab.

Overlay No. 4 was placed on a base slab which showed no signs of distress. The overlay
also showed no signs of distress throughout its loading period.
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Interface Shear Strength

Figure 6.1 presents the range of values obtained for the interface shear strength of Slab
Nos. 2, 3, and 4. Slab No. 2 had an average shear strength of 253 psi, Slab No. 3, 139 psi, and
Slab No. 4, 270 psi. The standard deviations were 74 psi, 102 psi, and 62 psi, respectively.

Slab No. 3 (a JCP) had a punch-out failure in both the slab and the overlay. It had the
lowest shear strength average and the highest variation in shear strength and was the only slab
with delaminated areas. The mode of failure for the JCP slabs was thus loss of shear strength
followed by delamination before punchout occurred. Base Slab No. 4 (also JCP) was in good
condition at the time of overlay placement. It had the highest shear strength average and the
lowest variation. Slab No. 2 (CRCP) was severely cracked at overlay placement. Its shear
strength average was slightly lower than Slab No. 4 and had a slightly higher variation.

ANALYSIS OF LABORATORY DATA

A discussion on Chapter 5 (Analysis of Data) is presented in three parts. First, the
CRCP slabs will be discussed, next the JCP slabs, and finally a comparison is made between the
CRCP and the JCP slabs.

CRCP

Although Overlay No. 2 was placed on a failed base slab (failure as defined in Chapter 5),
it still had a fatigue life 45 percent longer than the base slab had. Overlay No. 1 was placed on a
base slab with a high remaining life. This overlay had a much lower rate of change of distress
(cracking) due to loading than Overlay No. 2.

The relationship between cracking and load repetitions for CRCP base slabs can be
correlated on a semi-logarithmic scale. Cracking for the overlays followed two distinct phases.
The first was fairly constant over a large number of load repetitions. Next, the cracking
increased at a rate more rapid than those of the base slabs. The transition point between these
two stages may be where the base slab fails (zero remaining life} and begins to act as a subbase.
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JCP

Overlay No. 3, placed on a failed base slab, still had a fatigue life 60 percent greater
than the base slab itself. However, the base slab had been repaired with a polymer concrete
before overlaying. The rate of change in remaining life of an overlay placed on a base slab with
a high remaining life (Base Slab No. 4) was much lower than when placed on a failed (but
repaired) base slab (Base Slab No. 3). In addition, Overlay No. 4 had a life at least 9 times
greater than Overlay No. 3. The loading of Overlay No. 4 was stopped before the overlay showed
any sign of distress, and thus a life nine times greater is a conservative estimate.

There were two modes of failure: cracking for CRCP; and punchout, following loss of
shear strength and delamination, for JCP. The JCP slabs experienced a more severe type of
failure: punchout with Class 1, 2, and 3 cracking and with delamination. The CRCP slabs
experienced just Class 1 and 2 cracking with no delamination. The CRCP slabs could still
transfer load at failure; the JCP slabs could not. For the case of overlaying on a slab with a high
remaining life, both the CRCP and JCP slabs had little, if any, distress during the entire loading
period.



CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS

Conclusions from the laboratory experiments and the remaining life analysis are
presented in this chapter. It must be emphasized that these conclusions are based on results of a
laboratory study and may not necessarily be applicable under other conditions.
Recommendations are presented following the conclusions.

CONCLUSIONS

(1) Placement of an overlay on a base slab with a high or low remaining life
increases the load transfer of a slab.

(2) The interface shear strength of a slab is much higher if the base slab is overlaid
before it has failed. In addition, less variation in the shear strength will occur.

(3) CRCP slabs and bonded overlays have a longer fatigue life than JCP slabs and
overlays.

(4) 1t an overlay is placed on a failed base slab, it still has a fatigue life greater than
the base slab itself.

(5) An overlay placed on a base slab with some remaining life yields a much longer
fatigue life than one placed on a more severely distressed base slab.

(6) Continuously reinforced and plain jointed concrete slabs may fail in different
manners. In this study, CRCP slabs failed by cracking with no other signs of
distress while the JCP slabs failed by punchout like cracking.

RECOMMENDATIONS

The recommendations are presented in two parts; field implementation and future
studies. Recommendations for field implementation include:

(1) Laboratory studies on surface preparation types should be done prior to field
experiments because failure can occur at the interface.

83



84

(2)

(3)

(4)

It is important to overlay before the pavement deteriorates; a relationship
between remaining life of the existing pavement and the resulting overlay
condition has been shown.

Pavement failures should be repaired prior to the placing of a BCO as the repairs
add life to the pavement structure.

Cracks with low load transfer, based on field deflection measurements, should be
repaired before a BCO is placed. Because load transfer influences life, this crack
repair will add pavement life.

Bonded concrete overlaying is still a new method of rehabilitation. Recommendations
for further studies include:

(1)

(2)

(3)

(4)

f ration. If determining which method (scarifying, shotblasting, or
other) is most effective (in terms of strength and fatigue life) as well as most
cost-effective in the laboratory, surface textures obtained in the field must be
accurately simulated.

Materials. Repairs made with polymer concrete before overlaying need to be
studied more thoroughly. High strength concrete and polymer concrete are
possible bonded overlay types.

Beinforcement. More studies using steel fiber reinforced bonded concrete
overlays are needed.

Shear Strength., Tests for interface shear strength should be done at various
times within the fatigue life to see how shear strength varies with time.
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APPENDIX A
DEFLECTIONS OF BASE SLABS AND OVERLAYS
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APPENDIX B

DEVELOPMENT OF CRACKING FOR
BASE SLABS AND OVERLAYS






SUMMARY OF CRACKING DATA OF BASE SLAB AND OVERLAY NO. 1

Base Slab No. 1

Total Number Load Intensity Length of Cumulative Length

of Load Repetitions (kips) Cracking® (inches) of Cracking (inches)
100,000 5 46 46
195,000 5 28 74
707,000 5 36 110
832,000 5 7 117
1,373,000 5 33 150
2,002,000 5 0 150

Overlay No. 1

Total Number Load Intensity Length of Cumulative Length

of Load Repetitions {kips) Cracking® (inches) of Cracking (inches)
0 0 38" 38
7,951,000 5 0 38
9,213,000 10 0 38

* This number does not include the length of the simulated temperature crack at

midspan

** This cracking occurred during the pulling process of simulating the temperature

crack
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Fig B.1. Base Slab No. 1 after 100,000 load repetitions.
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Fig B.2. Base Slab No. 1 after 195,000 load repetitions.
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Fig B.3. Base Slab No. 1 after 707,000 load repetitions.
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Fig B.4. Base Slab No. 1 after 832,000 load repetitions.
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Fig B.5. Base Slab No. 1 after 1,373,000 load repetitions.
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Fig B.6. Overlay No. 1 at start of loading and after 9,213,000 load repetitions.
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SUMMARY OF CRACKING DATA OF BASE SLAB AND OVERLAY NO. 2

Base Slab No. 2

Total Number Load Intensity Length of Cumulative Length

of Load Repetitions (kips) Cracking” (inches) of Cracking (inches)
0 0 171+ 171
800,000 5 16 187
4,400,000 5 0 187
5,200,000 10 0 187
7,600,000 15 0 187
8,000,000 20 122 190

Overlay No. 2

Total Number Load Intensity Length of Cumulative Length

of Load Repetitions (kips) Cracking® (inches) of Cracking (inches)
0 0 226 " 226
836,000 5 9 235
2,400,000 10 2 237
3,328,000 20 2 239
5,628,000 5 19 258
6,700,000 20 45 303
7,700,000 20 18 3
8,100,000 20 4 325
8,900,000 20 9 334
9,400,000 20 2 336
9,627,000 20 0 336

* This number does not include the length of the simulated temperature crack at

midspan

** This cracking occurred during the pulling process of simulating the temperature

crack



Fig B.7. Base Slab No. 2 at start of loading.
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Fig B.8. Base Slab No. 2 after 800,000 load repetitions.
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Fig B. 9. Base Slab No. 2 after 8,000,000 load repetitions.
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Fig B.10. Overlay No. 2 at start of loading.
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Fig B.11. Overlay No. 2 after 3,328,000 load repetitions.
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Fig B.12. Overlay No. 2 after 5,628,000 load repetitions.




Fig B.13. Overlay No. 2 after 6,700,000 load repetitions.







BASE SLAB NO. 3

Base Slab No. 3
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Total Number

Load Intensity

Length of

Cumulative Length

of Load Repetitions (kips) Cracking® (inches) of Cracking (inches)
100,000 5 5 5
1,271,000 5 0 5
1,600,.000 10 11 16
2,600,000 10 22 38
2,986,000 10 0 38
2,988,000 20 117 155

Overlay No. 3
Total Number Load Intensity Length of Cumulative Length

of Load Repelitions (kips) Cracking* (inches) of Cracking (inches)
2,000,000 5 38 38
2,300,000 5 12 50
3,000,000 5 11 61
3,900,000 5 2 63
5,040,000 5 0 63
5,042,000 10 5 68
5,482,000 10 29 97

* This number does not include the length of the simulated temperature crack at

midspan
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Fig B.15. Base Slab No. 3 after 1,600,000 load repetitions.




Fig B.16. Base Slab No. 3 after 2,600,000 load repetitions.
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3

Fig B.17. Base Slab No. 3 after 2,988,000 load repetitions.




Fig B.18. Overlay No. 3 after 2,000,000 load repetitions.
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Fig B.19. Overlay No. 3 after 2,300,000 load repetitions.
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Fig B.20. Overlay No. 3 after 5,481,000 load repetitions.
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SUMMARY OF CRACKING DATA OF BASE SLAB AND OVERLAY NO. 4

Base Slab No. 4

Total Number Load Intensity Length of Cumulative Length
of Load Repetitions (kips) Cracking* (inches) of Cracking (inches)
950,000 5 0 0
2,178,000 10 0 0
Overlay No. 4
Total Number Load Intensity Length of Cumulative Length
of Load Repetitions (kips) Cracking™ (inches) of Cracking (inches)
5,163,000 5 0 0
12,846,000 10 0 0

* This number does not include the length of the simulated temperature crack at the joint at midspan.
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ZLST4S  3/72 - 3y ELASTIC LAYCRED SYSTI® MITH ONE

ILASTIIC SYSTEM 1 - LAB MODIL 84-INTH BASE S5LAS
CLASTYIC PO1SSONS
LAYZIR noJuULUS ATID THICKNESS
1 2740000. «150 4.000 IV
2 T000. «150 4.000 TN
3 30000004 «150 B.D0D IN
4 27000, «430 SEMI-INCINITE

O8ME LOADC(S)y EACH LOAD AS FOLLOWS

TOTAL LIADecces 5000.00 LBS
LCA) SYRESSeeee 75.87 PSI
LOA) RADIUSsse. 4.58 IN
LOCATED AT
LRI 1 Y
1 ) )]

RESJLTS REQUESTED FOR SYSTEM LOCATION(S)

JEPTH(S)

7= 4.30
1-Y POINT(S)
(= ]

r= ]

TO YEN NORMAL IDENTICAL

Sed0OFN

125

CIRCULAR UNIFIIN LOAD(S)
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ILSYNS 3772 - 3y ELASYIC LAYERED SYSTE® JIVH O¥I  TO VEN NORMAL JIDENTVICAL CIRCULAR UNIFIRAM LOADCS)

ZLASIIC SYSTEM 1 - LAR MODEL &-JNCH BASE SLAB  5,)00%
P 4,00 LAYER NCy 1
Xz 0
¥z o

NORaAL STRESSES

SXX «24052403
SYY «28052¢03
522 ~+567497¢D1

SHIAY STRESSES

SXY 2
$¥2 0
svZ 3

PRINCIPAL STRESSES
2s 1 »240655¢02
s 2 «2805¢03
2S5 3 ~46743Z401

PRINCIPAL SHZIAR STRESSES
2S5 1 +1237C¢03

288 2 k)

2SS 3 1237203

JISPLACERENTFS

I [

)Y hj

J? «6194F 02

¥3ReaL STRAINS

oxx «7500Z~04
oYy «7500Z-D8
T2 ~«2B83Z-04

SHEAR STRAINS

Iy J
Xz J
Y2 2

PRINCIPAL STRAINS
2Tl «7500Z-04
2F 2 27500204
PE 3} =-.2B880Z-04

PRINZIPAL SHIAR STRAINS
287 1 «120287-03

sz 2 )

2S¢ 3 .1038:Z-D2



ZLSYA5 3772 - 3y ELASTIC LAYERED SYSTE® WITH ONE TO TEN NORMAL IDENTICAL

ILASTIC SYSTEm 1 - LAB MODEL S-INCH BASE SLAB
ELASTIC POTSSONS
LAYIR m2IULUS RATTO THICKNESS
1 2789000. «150 4.200 T%
2 7900 «150 4.000 IN
3 3003000, «150 8,300 TN
4 20000« «450 SERI-TNFINITE

J¥E LDAD(S)}y EACH LOAD AS FOLLOMWS

TOTAL LOADeccos 10000.00 LBS

LOA) STRESSeees 151.75 PSI
LCAD RADTUSeees 4.58 IN
LOCATED AT
LOA) X Y
1 0 1}

RESJLTS REQUZSTED FOR SYSTEM LOCATION(S)

JEPTHLS)

Z= 8,30
X-Y POINTY(S)
X= 0

Y= 3

1040008

127

CIRCULAR UNIF)IN LOADCS)
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TLEYNS 3/72 - 3y ELASTICZ LAYERED SYSTEW WITA OVE VO TIN NORMAL IDENTICAL CIRCULAR UNIFIIM LOADI(S)
ZLASTIC SysTzm 1 - LAB RMODEL 8-TNCH BASE SLAB ID’DbOI
7z %.00 LAYER NDy 1

Xz ]
Y= ]

WORWAL STRESSES
Sxx =+48125403
SYY «8812Z+03
372 -+13505¢02

SHEAR STRESSES
0

Sxy
sxz L]
3Y? )

PRINCIPAL STRESSES
PSS 1 + 48125403
®s 2 +»48125+03
PS 3  =.1350F+02

PRINCIPAL SHEAR STRESSES
PSS 1 24732403

PSS 2 9

5SS 3  L,2473Z403

JISPLACEMENTS

Jx 9

37 2

J2 «1239£~01

NORWAL STRAINS

£xx »15002-03
Yy +15002-03
t2z ~+5761E-04

SHE&I STRAINS

=Xy 0
X2 2
B 24 2

PRINTIPAL SYRAINS
°E 1 «1500E-03
°F 2 «15005-03
PE 3 <~o5761Z-04

PRINCIPAL SHEAR STRAINS
PSE 1 +2075E5-03

esE 2 ]

PSE 3 .2075E-03
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ILSY*3 3772 - 3y FLASTIC LAYERED SYSTEY WITH ONE TO TEN MORRMAL JDENMTICAL CIRCULAR UNIFIRIW LDADCS)

ILASTIC SYSTEm § - LAR ®ODEL &-INCH BASE SLAB
FLASTIC POJSSONS
LAY IR ®3OULUS RATID THICKNESS
1 2703000, «150 4.000 IN
2 7000, «150 4.000 JN
3 300)300. «150 8000 1IN
L] 23300e «A50 SEMT~INFINITE

INI LOADI(S)y EACH LDAD AS FOLLOWS

TCTAL L3ADscass 15006.00 LARS

LOAD STRISSeese 227.62 PS1
L3RD RADIUSsees 4.58 JN
LOCATZID AT
LIR) X Y
1 J 4}

ATSILTS REQUISTED FOR SYSTEM LOCATION(S)

JTPT4(S)

2= \.J0
K=Y PIINT(S)
= i

f= J

15»000%
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ZLSYNS 3772 ~ 39 LLASTIC LAYERED SYSTE® WITH ONE TO TEN NORMAL IDENTYICAL CIRCULAR UNIF)RIM LOADC(S)

CLASFIC SYSTEm 1 - LAR MODEL -JNCH BASE SLAS 15.0008
2= V.00 LAYER NCy 1
x= 0
A 0

NJRSAL STRESSES

SHX «721BZ+03
sSYY «721RT+03
5227 ~220255402

SHZAR SYRESSZIS

SXY 2
3Nz 0
sYZ J

PRINCIPAL STRESSES
’s 1 «7218Z¢03
s 2 «7218C 03
25 3 =.2025Ce02

PRINZIPAL SHEIAR STRESSES
258 1 3710203

2¢s 2 p)

2SS 3 L3710:2+03

JISPLACINENTS

Jx 3
JY 0
17 «18587~01

NJIR4&L STRAINS

XX «22532-03
vy «2250E~-03
22 ~»B6412-00

SHEAR STRAINS

oy J
B 4 2
vz b ]

PRINCIPAL STRAINS
%€ 1 «22502~03
g 2 «22502-03
2 3 -~.B6415~D4

SRINC]I®aL SHEAR STRAINS
°SE 1 +3114z-03

s 2 J

28T 3 .31142-03



ILSYH3 32 - 3y TLASTIC LAYERED SYSTI® UITH OND TO TEN NORRMAL

CLASTIC SYSTZM 1 - LAB MOUEL S-INCH BASE SLAS 20,0208
CLASTYIC POISSONS
Lay:g M3IULUS IATID THICKNESS
1 2732000, =150 4.00D0 IV
2 T000. =150 4.300 1V
3 3003000 «150 8.300 1IN
] 27000 «t50 SN -TNFINITE

34 LIADJ(S)y EACH LOAD AS FOLLOWS

TOTAL LDADesews 20300.00 LBS

LOS) STIESSeees 3103.49 PS1
LOA) RADIUSeses 4.58 IN
LICATZD AT
L0oa) x Y
1 J 2

RESILTS REQUISTED FOR SYSTEX LOCATIONCS)

JEPTA(S)

= 8.0
=Y PIINT(S)
= 3

= J

131

IDENTICAL CIRCULAR JNIFIRN LOAD(S)
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ILTY4S  S/72 - 39 CLASTIC LAYERED SYSTEW WITH OME  TO TEN NORMAL IDENTICAL CIRCULAR UNIFIRN LOADC(S)

ZLASTIC SYSTIM 1 - LEB MODEL N-INCH BASE SLAB 20,0008
= 4.00 LAYZR NODy 1
Yz 1]
\ 0

N339AL STRESSES

sSxx «96237¢03
Syy «96232403
§Z7 ~«27002+02

SHIAR STRESS:IS
Sxy 0
B} ¥4 h)
5YZ 3

PRINZIPAL STRESSES
25 1 »36232+03
°g 2 +96232+03
28 3 ~,27007402

PRINCIPAL SHTAR STRESSES
?SS 1 «84947:+03

28s 2 0

PSS 3 494703

JISPLACEMENTS

Jx 3

Jy 2

Jz »24782-01

NJR#AL STRAJNNS

X

vy «3000Z-03
tIz -e11525~03
SHTEY STRAINS
oYY ¢

B g 3

Yz 3

PINCIPAL STRAINS
T
’c 2
26 3 -,11527-02

2RINZIPAL SHIAR STYRAINS
°ST 1 .8152I-03
>57 2 3

°ST 3 .41522-03



TLEYSE 3/72 - 2y ELASTIC LAYCRZID SYSTUM MITH CNE TC TIN NORMAL IDENTICAL CIRCULAR UNIFCRM LOADCS)

TLATTIC SYSTE™ 1 - LAE ¥OUIL  A-INCH BASE
ELFSTIC PCISSCNS
LAYT S MOLULUS SATIO THICKNESS
1 363CC00. 150 1,505 IN
2 CTACQ00. «150 4,080 IN
7 7000, «150 4,000 IN
4 3006500 =120 £+C00 IN
5 2050C. «45C SERI-INFINITE

ONZ LOADC(S)y EACh LOAD AS FOLLCUWS

TCTAL LCOADewesee 500300 L3S
LOAL STRESSeees 1Se87 PSI
LOAY RADIUSeees 4.58 IN

LCCATLD AT
LOAD X Y
1 o o

RZEULTS REQUESTED FOR SYSTEM LOCATIONCS)

{EFTH(S)
2= Ze58
X-Y PZINT(S)
X= -
Y= 2

SLAPR WITH 1-1/2-INCH 0/L

o000
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CLEYML  5/T72 - 3s ELASTIC LAYLRED SYSTLM k1TH ONT

TLASTIC SYSTEM 1 - LAR 4CDIL  &4=INCH LRASD SLap
2z 5250 LAYEK NOsy 2
X= z
vz ]

NCRYAL STRESSES

Sxx »1466E¢03
Yy «186EE¢(3
Sz ~e3961E¢01
“HE!R STRISSES
oxy 0

b g 0

LYz C

FRINCIPAL STRESSES
£s 1 2146674C3
PSs 2 e1466:403
FE X =el961[+701

FEINTIPAL SHEAR STRESSES
FES 1 +7528£+¢(C2
T [}

€S
PES 2 +7528F«02

{ISPLACEYENTS
vy ¢}
Ly c
vz edE29E~G2

MQ&wei STRAINS

XX «4STO0E~-04
Yy «4570E-04
T2z ~«17SBI~C4

SHZ AR STRAJNS

Xy c
°xz 2
Yz 0

FRINCIPAL STRAINS

fL i «45T0Z-Ca
[ - «45T70E -04
P71 -4175Ci-04
FRINTIPAL SHEAR STRAINS
¢ 1 2323 -C4

o

T .6 320¢-C4

TO TiR NDRMAL JLENTICAL CIRCULAR UNIFCRM LOAD(S)

WITH 1-1/2-INCH C/L

SelC
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ILSf45 3/72 - 39 ELASTIC LAYERED SYSTEY MITH ONE TO TEN NORRAL IDENTICAL CIRCULAR UNIF)RIR LOADCS)

CLASTIC SYSTEmM 1 - LAB MODEL &4-INCH BASE SLAB JITH 1-1/2-INCH 0/L 1040
FLASTIC PDOISSONS
LAYZR rRJIDULUS ATIO THICKNESS
1 3650000. o130 1.500 IV
2 2782000, e150 42000 IV
3 70004 «150 4.000 IV
L] 3002000. «150 B.000 IV
5 20000. <450 SERI-INFINITE

ONE LIADES)y EACH LCAD AS FOLLOWS

TOTAL LOADscess 10000.00 LBS

LOA) STRESS.eas 151.75 PS1
LOA) RADIUSeees 4.58 IN
LOCATED AT
LOAD X Y
1 3 4

RESULYS REQUISTED FOR SYSTEM LOCATIONCS)

JEPTH¢S)

t= 5630
X-Y POINT(S)
= 0

= 0
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SLSYY5 3/72 <~ 34 ELASTIC LAYERED SYSTE® JITAH ONZI  TO TEN NORMAL IDENTICAL CIRCULAR UNTFIRAM LOADCS)

CLASTIC SYSTEM 1 - LAB MODEL A-TINCH BASE SLAD JITH 1-1/2-INCH O/L 1040
2z 5450 LAYER NDy 2
X= 0
f= 0

NORWAL STRESSES

SXX «29325 403
SYY 229322403
s$22 -2 79232¢01

SHERY STRESSES

sxy J
sx2 0
sYz 0

PRIVNCIPAL STRESSES
PS 1} 229325403
PS 2 +29325403
PS 3 =.7923E+01

PRIVCIPAL SHEAR STRESSES
PSS 1 +1505E+D3

PSS ? 0

PSS 3 1505703

JIS?LACEMENTS

JX 0

JY 0

Jz «9058:~02

NOR®AL STRAINS

ExXx 29139504
vy «9139Z-04
£22 -+3500°-04

SHE AR STRAINS

oxy 0
18 ¥4 0 .
7Yz 0 1

PRIWCIPAL STRIAINS
°E 1l +91392-04
PE 2 «91395-04
PE 3 =~¢3500Z-04

PRINCIPAL SHEAR STRAINS
PSE 1 +12645-03

25 2 p]

PSE 3  .1268(-03
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TLSYNS  3/72 - 3y  FLASTYIC LAYEKED SYSTEY WITH ONZ TO TEN NORMAL IDEMTICAL CIRCULAR UNIFDAR LOADC(S)

ILASTIC SYSTZIwm 1 - LAB MODEL A~INCH BASE SLAB JITH 1-1/72-INCH O/L 1540
ELASTIC POISSONS
LAYZIR MIIULUS IRTID THICKNESS
1 3602000. 150 1.500 IN
F4 2742000, 150 4.900 IV
3 7000. «130 4.000 IV
. 3093000. 150 8.900 N
5 23000. o450 SEMI-INFINITE

INI LGADES)y EACH LOAD AS FOLLOWS

TOTAL LOADesece 15000.00 LBS

LDAD STRESSeees 227.52 PS1
LOAD) RAIIUSceee 4.58 IV
LOCATED RY
LOR) X Y
1 2 2

RESILYS REQUESTED FOR SYSTEM LOCATIONCS)

IEPTHLS)
= 530
=Y POINT(S)
| & ]
Y= ]
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SLSYSS 3/72 - 3y ELASTIC LAYERED SYSTE® JITH ONE 1O TEW NMORMAL IDENTICAL CIRCULAR UNIFIRRM LOAD(S)

ZLASYIC SYSTEZW ) - LAR MODEL &-INCH BASE SLAB MITH 1-1/2-INCH 0/7L 15,0
7= 550 LAYER NDy 2
) 1]
Y= ]

NORSAL STRESSES
SAX «0398Z¢03
S5YY +4393Z¢03
s22 -+11887¢02

SHEAR STRESSES

SXY 0
SX7 3
X4 3

PRINZIPAL STRESSES
s 1 +A398I¢03
s 2 «4398E¢03
PS 3 =.1188i+02

PRINCIPAL SHIAR STRLSSES
PSS 1 42259703

ess 2 0

2S5 3 .2259Z+03

JIS LACEMENTS
Jx 0
JY ?
7 «13592-01

NORSAL STRAIN
XX
IYY
Y44 -e532497-04

SHEAY STRAINS

Xy 2
I ¥4 3
vz p]

PRINCIPAL STRAINS
2E 1 «13712-03
°E 2 «13712-03
PE 3 ~a52497-08

PRINZIPAL SHEAR STRAINS
°SE 1 .18952-03

’sg 2 0

28T 3 L1895:-0%
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ELSYeS 3/72 - 39 ELASVIC LAYERED SYSVEW WITH OME TO TEN NORRAL IDENTICAL CIRCULAR UNIFIRW LOADCS)

ZLASTIC SYSTEmM 1 - LAB MODEL A-INCH BASE SLAB WITH 1-1/2-1INCH O/L 2040
ELASTIC POISSONS
LAYZR moouULUS RATID THICKNESS
1 3600000. «130 1.500 1IN
2 2740000 «130 4.000 In
3 7000. «150 4.000 IN
L] 30060000 «150 8.000 I¥
5 20000. «450 SEMI-INFINITE

ONE LOAD(SYy EACH LOAD AS FOLLOUS

TOTAL LOADecsee 20000.00 LBS

LOA) STRESSesee 303.49 Ps1
LOA) RADIUSesse 4.58 IN
LOCATED AT
LOA) X Y
1 0 ]

RESJLYS REQUESTED FOR SYSTEM LOCATION(S)

JEPTH(S)

= 550
X-Y POINT(S)
X= 0

= 0
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CLSYNS 3772 - 39 ELASYIC LAYERED SYSTEW QITd OME TO TEN NORMAL IDEVTICAL CIRCULAR UNIFIRM LOADCS)
ELASYIC SYSTER 1 - LAB MODEL A-INCH BASE SLAB WITH 1-1/2-INCH O/L 20,0
2= 5.50 LAYER NOs 2

X= 0
T= 0

MOR®AL STRESSES

SXx «5864E¢03
STY «5864E¢03
$27 -e1585E¢02

SHEAR STRESSES

SXY 0
SX7 0
sY2 ]

PRINCIPAL STRESSES
PS 1 «5B6AE*0]
PS 2 +5864AE¢03
PS 3 -.1585Ee02

PRIMCYPAL SHEAR STRESSES
PSS 1 .3011E+03

PSS 2 0

PSS 3 3011E+03

JISPLACEWENTS
ux 0
uy 0
u2 «1812E~-D1

VORWAL STRAINS

£xx «182BE-03
EYYy «1828E~-03
€72 ~e 6999 ~D4

SHEAR STRAINS

Xy b}
% ¥4 0
EYz 0

PRINMCIPAL STRAINS
PE 1 «1828E-03
°E 2 «1828E-03
PE 3 -.6999E-04

PRINCIPAL SHEAR STRAINS
PSE 1 .252BE-03

PSE 2 9

PSE 3 .252BZ-03
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