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Arkansas Highway and Transportation Department's

ADDENDUM

The following comment by Dr. Welch describing the temperatures

recorded during the field study phase of this research project

is considered noteworthy and is therefore quoted below:
"... only two of the temperature sensors were operable
during the summer of 1980 and they operated only inter-
mittently. These sensors were in the three layer over-
lay at the interface between the surface course and
binder course and at the interface between the open-
graded course and the concrete pavement. In January,
1981 only one temperature sensor was operable. The

temperatures recorded were:

Date Time Top of Binder Top of Concrete
7/9/80  14:43 141°F 104°F

7/9/80 16:35 142°F 104°F

1/27/81 10:51 50

1/27/81 12:24 50

1/27/81 13:16 50 "
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FINDINGS AND CONCLUSIONS

The findings and conclusions resulting from this research are:

The behavior of pavement systems under static and dynamic loading
can be measured using the instrumentation system developed in this
project.

The data acquisition system developed in this project is capable
of acquiring and recording the data in a convenient and accurate

manner.



IMPLEMENTATION

The instrumentation and data acquisition systems developed in
this project have been proven through field use. These systems can
now be used to measure the performance of various types of pavement
structures and to compare the performance of different designs.

Much useful data, not previously available, can be gathered by using

the systems developed in this project.



Chapter
k.

Iix

II1.

Iv.

TABLE OF CONTENTS

INTRODUCTION .

Background . .

Project Objective

LITERATURE REVIEW

Failure Mechanics

Methods of Prevention

Methods of Prediction

Summary

INSTRUMENTATION

General

Sensors

Sensor Calibrations

Static Displacement Data Acquisition .
Dynamic Data Acquisition .

Field Installation .

MATERIAL PROPERTIES

Properties of the Subgrade .
Properties of the Asphaltic Concrete .
DATA ACQUISITION AND RESULTS .

Procedure - Static Data Acquisition

Vertical Movements - Top of PCC Pavement .

Vertical Movements - Top of Open Grade .

Vertical Movement - Top of Binder

Horizontal Strains - Top of PCC Pavement .

Horizontal Strains - Top of Open-Grade .
Horizontal Strains - Top of Binder .

Procedure - Dynamic Data Acquisition .

Page

23
30
40
42
42
43
48
55
85
75
93
93
95
112
112



Page

Chapter
Data Reduction . . . « v « v v v o o o = o+ = o« . 139
Results of Dynamic Data Acgquisition . . . . . . . . 140
VI.  CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . 176
BIBLIOGRAPHY . . . . . e

APPENDIX . +» 5 & « « 5 o 5 % « 4 s s & & s % 5 » = « 150



(O8]

.10

i

<12

LIST OF FIGURES

Title

Theoretical Stresses in ACHM Overlay at Joint .
Closing of a Crack Tip

Modes of Crack Tip Deformation

Local State in the Vicinity of a Crack Tip
Increase in Transverse Joint Reflection .

Dependence of Square of Stress-Intensity Coefficient
on Relative Crack Depth.

K/P versus c/d

K/P - ¢ Relation for Beams on Elastic Foundation
Tests

Two Dimensional Overlay Model
Crack Growth Rate versus Spip -

Bison Strain Gage Console with a Pair of 2 in. and a
Pair of 1 in. Diameter Induction Coil Sensors. .

Basic Inductive Coil Displacement Transducer.
Coil Configuration in Three Layered Overlay .
Detail of Vertical Extensometer .

Remote Temperature Indicator with System Expansion
Box and Thermistor . e

Typical Calibration Curves for 2 in. Diameter Sensors

Calibration Mounts for a Pair of 2 in. Sensors in
Coaxial Orientation

Calibration Mounts for a Pair of 2 in. Sensors in
Coplanar Orientation . .

Extensometer Calibration Set-Up .
Typical Calibration Curve for Pressure Cell

Typical Crack in CRC Pavement, I-40 near Forrest
City, Arkansas .

Typical Contraction Joint in PCC Pavement, I-30
at Benton, Arkansas

31
33

33
39

39

43
44
45
46

47

50

51

52
54

56

76

76



3.15
3.16
3.17

3.21
3:22
3.23
3.24

Title
Typical Sensor Embedment Plan .

Typical Sensor Embedment Profiles for (a) One, (b)
Two and (c) Three Layered Ovelays.

Extensometer Locations Marked for Coring
Truck-Mounted Coring Rig

Extensometer Locations After Coring .

Dismantled Parts of a Pair of Extensometer Ready for

Assembly .

One Inch Sensor and Aluminum Cap being secured to
Top of One-Half Inch Steel Rod .

Aluminum Pipe Sleeve inserted into Hole .

Packing Pipe Sleeve tightly in Hole .

Applying Epoxy to Bottom Face of Plexiglass Cap .

Attaching Plexiglass Cap to Top of Pipe Sleeve

Contact Cement bonds Cap to Concrefe Pavement .

Applying Epoxy to Bottom Face of Two in. Diameter
Sensor . . N T

Attaching Sensor to Top of P1ex1g1ass Cap to
complete Extensometer . . .

Completed Pair of Extensometers across Contraction
Joint in PCC Pavement.

Establishing reference line from marks on top of
each curb on opposite sides of highway .

Measuring distances from the top of the near curb
to the sensors .

A pair of 2 in. sensors set on top of Binder Course
and across overlaid joint in PCC Pavement.

Checking sensors for continuity .
Check sensor to assure that they are within range .

Completed Instailation of Sensors on top of PCC
Pavement . e e e e

79
80
80
81

81

82
82
82
83
83
84

84

84

84

85

85

86
86



a0
.37
«38
wadd
.40

41

.10
1

ol 2

w3

.14

Title Page

Instrumented Section after Lay-Down of Open-Grade
COUPrSE v v v v v e v v e e e e e e e e e e e 88

Completed Installation of Sensors on top of Open-
Grade o o 2 % % 6« © & 8 & & & # & ® € % s = @ @ 88

First Lift of Binder being Laid-Down over Open-Grade 89

Rolling of Binder Course at Instrumented Section. . 89
Completed Installation of Sensors on Top of Binder. 90
Instrumented section complete with Surface Course . 90

Sensor wires exteding beyond shoulder are buried
in conduits and terminate in a fiberglass enclosure9]

Checking system after completion of installation. . 92
6" x 12" cylinder use to mold open-graded

test samples « o v v ¢ 5 s s s e ow ow s 5 w8 @ 97
Molded and capped open-graded test sample . . . . . 97
Volume Change Measuring Device . . . . . . . . . . 99
Open-Graded Sample being tested in compression. . . 91

Stress-Strain curves at various Temperatures
Asphaltic Concrete Open-Graded Course . . . . . 100

Change in Volume per Unit Volume vs. Strain at
Various Temperatures e e e e e e e e e e e 101

Binder sample being compacted in Hveem kneading
COmMPACEOr v v v v v e e e e e e e e e e e e e 103

Binder sample being capped prior to testing . . . . 103

Inserting binder sample into Texas triaxial
cylinder prior to testing. . . . . . . . . . .. 104

Binder sample in compression machine ready for testingl04

Stress-Strain Curves at Various Temperatures
Asphaltic Concrete Binder Course . . . . . . . . 105

Change in Volume per Unit Volume vs. Strain at
various Tempterature . . . . . . . . . . . . . . 107

Stress-Strain Curves at various Temperatures . . . 108

Change in Volume per Unit Volume vs. Strain at
Various Temperature . . . . . . . « v « . « . . 109



No. Title Page

4.15 Modulus of Elasticity vs. Temperature Curves
Asphaltic Concrete Overlay Courses . . . . . . . 110

5.1 through 5.35 . . . . . . . . . o . o000 141 - 175



4.2

4.3

LIST OF TABLES

Title

Subgrade Material Properties .

Asphaltic Concrete Hot Mix Design Data .

Asphaltic Concrete Properties

Page
94

g7
111



CHAPTER 1
INTRODUCTION

A. BACKGROUND

Asphalt overlays are the most common remedy for the problem of dis-
tressed concrete pavements. An overlay will consist of one or more layers
of asphaltic concrete placed on an existing pavement. Overlaying an
existing Portland cement concrete pavement with an asphaltic concrete
pavement structure is a highway rehabilitation technique which has been
used by highway agencies since- the mid-1940's. At that time, highway
engineers were predicting increased traffic volumes and heavier wheel
loads for the late 1940's and early 1950's on highway pavements originally
constructed in the 1930's and minimally maintained throughout the early
1940's. Rehabilitation of these original pavements was given considerable
attention, but during this period of highway rehabilitation, overlays
were constructed with 1ittle or no corrective treatment to the existing
pavement or sub-grade. Consequently, by the Tate 1940's and early 1950's
the new overlay pavement structures had begun developing unexpected failure
mechanisms in the form of cracks which penetrated through the full depth
of the overlay. It was soon recognized that the developing crack patterns
closely followed that of existing joints and cracks in the overlaid pave-
ment and, thus, the highway engineer was confronted with a new problem that
has become known as ref1ecfion cracking.

Reflection cracks are cracks in asphaltic concrete overlays that
reflect the joint and/or crack pattern in the pavement structure underneath.
ATthough asphaltic concrete cverlays will strengthen the pavement struc-

ture and prevent large quantities of water from penetrating to the base,



if joints and cracks of the underlying pavement are reflected through the
overlay and cracks are exposed at the surface, the overlay loses its
waterproofing characteristic. Water can then seep into the base and
create detrimental conditions which produce structural damage to the
layered system, and thereby reduce the supporting power of the pavement.
The edges of the cracks become vulnerable to dynamic impact forces due

to traffic loads. These impact forces can cause pumping action, widening
of the cracks and deterioration of the surface.

Although attention was being given to this new problem of reflection
cracking in asphaltic concrete overlays, in 1956 the Interstate system
was initiated and emphasis was shifted from rehabilitation of existing
highways to construction of new ones. The new Interstate and other new
primary and secondary highways were generally constructed with superior
geometric designs which have resulted in pleasing horizontal and vertical
alignments. This was done with the foresight that reconstruction or
rehabilitation of the Interstate and other major elements of the national
highway network could be accomplished on their existing alignment. How-
ever, pavement rehabilitation has been required on many miles of highway
much sooner than had been originally anticipated because traffic volumes
have far exceeded projections. Many more miles of Interstate and other
Federal and state highways have prematurely reached or are approaching
the end of their structural Tife and they currently require or in the
near future will require pavement rehabilitation. Therefore, once again
emphasis is shifting to reconstruction or rehabilitation of existing
highways with an additional major problem of developing design and con-
struction procedures to greatly reduce or completely eliminate reflection

cracking in an asphaltic concrete overlay system.



Reflection cracks are believed to be caused primarily by horizontal
movements of the pavement beneath the overlay, brought on by expansion
and contraction with temperature change or change in moisture content.
They may also be caused by vertical movements created by traffic loads,
earth movements, or change of moisture in subgrades with high clay
contents.

The development of reflection cracks in asphalt overlays usually
results in high maintenance cost. One of the major factors limiting
the engineer's ability to efficiently design for reduction or elimina-
tion of reflection cracks in asphalt overlays is the lack of knowledge
of the actual causes of these cracks. Stress and strain are fundamental
measures of asphalt overlay response and a knowledge of the stress-
strain-time relationship should hold the key to understanding and solving

reflection cracking problems. In situ measurements of stresses and

strains are essential if knowledge about the true behavior of the over-

lay mass is to be obtained.

B. PROJECT OBJECTIVE

The overall objective of this project is to measure the actual
behavior, in the field,of asphalt overlay structures in the vicinity of
joints in the overlaid concrete pavement. The measurements will be used
in a subsequent study to develop design procedures for asphalt overlays
over concrete pavement.

The tasks involved in the measurement of overlay performance, along
with a brief description of the methods used, are described below.

1. To develop and implement a system for measuring horizontal

strains at each interface, and vertical movements in each layer, of a



multilayered asphaltic concrete hot mixed overlay structure in the
vicinity of a joint in an overlaid Portland cement concrete pavement.
Measurements were made using pairs of induction coils. These coils
were embedded in the asphaltic concrete without any physical connection
between the coils so that movements in the region of the discs are not
constrained. Changes in the spacing of the coils are recorded as dif-
ferential voltages which can be displayed and recorded.

2. To calibrate the sensors in coplanar and coaxial alignments. A
calibration device was fabricated so that sensor pairs could be mounted
in a coplanar or coaxial orientation, from which relationships between
instrument readings and sensor spacings can be determined.

3. To determine the effects of misalignment of sensor pairs. Cali-
brations were performed with various lateral displacements and/or rotation
of one sensor relative to another. The misaligned calibrations were
compared with the aligned calibrations.

4. To determine the physical properties of the subgrade méterid]
and of each course of the asphaltic concrete overlay. Field samples were
obtained from the site and laboratory tests were performed to evaluate the
properties of each material.

5. To record cumulative seasonal and daily movements occurring in
three different overlay structures. Sensors were installed in a one, two,
and three layer overlay system, in the vicinity of joints in the overlaid
PCC pavement.

6. To measure vertical stresses and vertical displacements under
dynamic traffic loading. A dynamic data acquisition system capable of
acquiring 40,000 data points per second was designed and constructed to

record data from strain gage stress cells and induction coil sensors.



7. To Mmeasure the payement temperature profile.
installed tg measure temperature at layer interfaces in

Systems.

Thermistors were

the overlay
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CHAPTER II

LITERATURE REVIEW

A. FAILURE MECHANISHM

Reflection cracking, in asphaltic concrete overlay construction,
is a major problem which‘has confronted highway engineers for nearly
thirty years. Although numerous trial and error methods and experimental
methods have been used and studied in attempts to eliminate or reduce
reflection cracking, it is perhaps remarkable that at the present time
there is very little knowledge of the actual distress mechanism which
creates reflection cracking. This is primarily due to the fact that
until recent technological developments, sensors that could accurately
measure both static and dynamic strains were not available. Therefore,
the mechanism of reflection cracking is based totally on theoretical
assumptions.

As first reported by Bone, et al. (1954), reflection cracks are
believed to be caused primarily by horizontal movements in the pavement
slabs beneath the overlay, brought on by expansion and contraction with
temperature and/or moisture changes. Because the asphalt is bonded to
the pavement, tensile stresses are induced in the asphaltic concrete
overlaying the joint when contraction of the pavement causes the joint
to open. If the joint opening induces a tensile stress greater than the
tensile strength of the asphaltic concrete, then failure occurs and
cracking is initiated. Reflection cracks may also be caused by vertical
movements due to excessive deflections under traffic loads such as occur
when there is pumping of slabs or due to differential settlement of

adjacent slabs or due to earth movements or due to loss of moisture in



subgrades with high clay contents. Vertical movements induce shear
stresses in the asphaltic concrete in the pliane of the overlaid joint.
Bone supports this belief by comparing field measurements of the

opening and closing of joints between pavement slabs with laboratory
determinations of the strength and elongation characteristics of the
asphaltic concrete. It was concluded that joints in concrete pavements
are subjected to a maximum opening and closing of from 0.1 {o 0.2 inch,
depending on the location and severity of temperature changes. Labora-
tory tension tests showed that the most any of the asphaltic concrete
mixes stretched at 309F was 0.05 inch in a 4-inch gage length. It is
further concluded that since the asphaltic concrete can only stretch
about one fourth of the total seasonal movement of the joints in the
underlying concrete pavement, then reflection cracking is inevitable in
those types mixes tested.

| Some shortcomings of the results reported by Bone fo]lgw. First,
field measurements of the pavement joints opening and closing are com-
pared with Taboratory measurements of the asphaltic concrete elongation.
Because the asphalt in the field is subjected to traffic loads, changing
temperature cycles, and aging, its properties can be considerably dif-
ferent from laboratory samples molded with the same initial specifica-
tions. Second, the assumptions are based on a single asphatic course
overlay. Most overlays are presently two or three lTayered systems.
Third, vertical movements are considered negligible under the assumption
that they can usually be controlled by adequate subgrade support. No
studies could be found where field measurements of vertical movement of
an overlaid pavement were made.

Hensley, 1975, presents theoretical stress diagrams in an attempt to



show the stresses that take place to produce reflection cracks. As the
underlying pavement contracts the joint or crack opens and creates
horizontal stress concentrations in the overlay above the joint (Fig. 2.
1-a). If differential movements of the adjacent slabs occur as a wheel
load crosses the joint, then vertical shear stresses are incuded in the
overlay above the joint (Fig. 2.1-b). Hensley theorizes that the majori-
ty of the cracks are caused by the horizontal stress (Fig. 2.1-c) as a
result of the existing pavement characteristics of expansion and contrac-
tion with changes in temperature and moisture, and that reflective
cracking becomes a result of tensile failure in the overlay. As the
overlay begins to fail small cracks develop at the bottom of the overlay
and propagates toward the surface as the bottom cracks grow progressively
larger (Fig. 2.1-d).

Recent studies have applied theories of fracture mechanics to
develop design systems capable of solving various boundary value problems
associated with overlay design, joint sﬁress analysis and fatigue crack
progagation (Ramsamooj, 1970 and 1973; Luther, 1973; Luther et al., 1976,
Majidzadeh et al., 1971; Majidzadeh et al., 1977). Linear fracture
mechanics is a structural study which considers crack extension behavior
as a function of applied loads, in the absence of large plastically
yielded regions surrounding existing cracks or flaws (Kobayashi, 1973).
The application of linear fracture mechanics to asphaltic concrete
overlay systems hypothesized that small flaws exist in the ~asphaltic
concrete above a joint or crack, which develop zones of stress concentra-
tion. Overstresses in these zones, induced by wheel loads and/or thermal
changes produce fatigue failures from which cracks are initiated with

the growth of the flaw. Ramsamooj (1970) and Kauffman (1973) provide
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evidence that small flaws do exist in asphaltic concrete and that the
asphaltic concrete does crack from fatigue failure.

The process of crack initiation and growth is associated with the
energy balance in the flaw regions. The work of external forces producing
deformations at the tip of regions of discontinuities can be divided into
elastic energy, the energy required for irreversible changes in the
material body of a viscous or plastic flow, and the surface energy re-
quired to form a crack. The rate of crack growth then depends on the
energy balance, and the path it follows is governed by the minimum
energy requirement (Ramsamooj, 1970).

The original Griffith (1921) theory formulates the basis of linear
fracture mechanics. Griffith proposed that the rupture of brittle materi-
al occurred when the surface area of a flaw of a body under load increased
such that the rate of decrease in potential energy was greater than the
rate of increase in surface energy due to the increased crack surface
area. In order to apply the Griffith theory to metals, Irwin (1952)
replaced the rate of increase in surface energy by the increased plastic-
energy-dissipation rate. Irwin justified this by recognizing that the
surface-energy-dissipation rate was negligible when compared to the magni-
tude of the plastic-energy-dissipation rate. Furthermore, Irwin postu-
lated that the plastic-energy-dissipation rate is a material property
which can be determined by standardized test at the onset of fracture or
when it is equal to the rate of decrease in potential energy. The Grif-
fith-Irwin theory of fracture then states that when the strain-energy-
release rate is equal to or exceeds the plastic-energy-dissipation rate,
instability occurs and the crack will run (Kobayashi, 1973). The strain-

energy-release rate depends on the loading condition and crack gecmetry,
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therefore, the problem of determining the strain-energy-release rate
reduces to a boundary-value problem.

Kobayashi presents the relation between the strain-energy-release
rate, 6UO, and the local stress field by considering the reverse problem
where a short segment, §x, of a two dimensional crack is closed by im-
posing a force of O;y (-6x,0) on the crack surface as shown in Figure 2.2,
The total strain-energy absorption rate in this reverse loading problem
is equal to the input-energy absortion rate, 6UU, which in turn, is equal

to the strain-energy-release rate, g, for a crack extension of sx or

~6x
U, =g+ b8x = J u,(0,0) - 0¥, (- 8x.0) dx (2.1)

4]

where, assuming that the plastically yielded region ahead of the crack

tip does not change the state of stress significantly, then uy (0,0) is
the crack-closing displacement with the crack tip located at the origin of
the coordinates, (0,0), and G;y is the associated closing stress which is
equal to the normal stress ahead of the crack tip located at (-§x,0).
Thus, all problems in linear fracture mechanics can be converted to pro-
blems in Tinear elasticity.

Irwin (1958) recognized the association of crack movements with
stress fields in the immediate vicinity of the crack tip. Irwin developed
the concepts of stress-intensity factors and proposed three modes of crack
tip deformation to classify crack behavior. The three modes of relative
displacement of the crack surfaces, as shown in Figure 2.3 are Mode I -
the opening mode, Mode II - the inplane sliding mode, and Mode III - the
tearing mode.

If analysis is confined to a small region in the vicinity of a crack
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tip, as shown in Figure 2.4, and all stresses and stress functions are
represented in terms of a local polar-coordinate system of r and 6, then

Westergaard's stress function Z is applicable (Kobayashi, 1973).

7 = f(o) where p = rel® (2.2)
Vo

As p - 0, the complex analytic function f(p) approaches a real constant
equal to K/ v2rx for Mode I, K11/ v2n for Mode II and Kip/ V27 for Mode
IIT crack tip deformation. K, Kyp, and KIII are stress-intensity factors
for each respective mode of deformation.

1. MODE I - OPENING MODE - The stress-intensity factor, K, for the

opening mode is defined as

K='li_r33 ay,(r,0 =0) - \/27r : (2.3)
The local stresses in terms of local polar coordinates are:
o B osg 1 smO 1n30
B e G3E — | = z e
== 2 %% 2 2 N7
K 0. . .8 . 30]
Uyy"\/%COSELl‘*'SmTZ"Sm ?J
s o K_ 0. 0 30
Xy \/Zr; Si 2 co 2 COs 9 < 2 . 4)
The displacement components in the x and y directions become:
a. for the state of plane stress
_K /i QP' _:f}_l
ux—GV?nCOSZLl V+sm 2J
SN I SN
g Vazsy {1+ cos 2} (2.5)

where G = the shear modulus

v = the Poisson's ratio



; o 2 0]
u, = V27c052~£1-4u+s1 21{
/\,‘r r X 0 ,’- 2 /)
u -(712‘_‘_51112 Z2-2u~cos 5 (2.6)
KI denoteg that for the sta+
fracture

.6)
. .
oyy(—éx,O) = \\2_ \41\\
/x ('5.\. r)
. -0 g
uy(o’o) - Z(I v) vy

(2.7)
and then Substityteq into €quation (7 1)
S
(S[‘/” = S . ,S_\- = [ U),(O‘O) . U"‘( (S\O) dx
*0
o = Gpbx =L Z/W /‘?‘d S==Ks

e [ i (2.8)
The character7st1c quantIty of stra7n—energy—
ferred to as 3 crack-

(2.9)
v/(1 + v) and Obtaining




(] ~
= KYE

[Se]

(2.10)
where E is the modulus of elasticity.

The plastic-energy-dissipation rate which is a material constant
following the Griffith-Irwin theory can be replaced by an equivalent
material constant SIC which is the critical strain-energy-release rate
at the onset of rapid fracture. Since KI is directly related to S1 from
equation (2.9), the Griffith-Irwin theory can be restated in terms of
KI which becomes a material constant, KIC’ at the onset of rapid fracture.
KIC’ the critical stress-intensity factor, is referred to as the fracture
toughness of the material and has the dimension of stress - vTength
(Kobayashi).

2. MODE II - IMPLANE-SLIDIMNG MODE - Similar expressions of stresses and

displacements as for !Mode I have been developed for Mode II. The stress-

intensity factor for Mode II crack tip displacement is obtained by

Kuzli_l}g Ouylr, 0 =0) * /277 ~ (2.11)

The Tocal stresses in terms of local polar coordinates for the

inplane-sliding mode are:

R 7R PO N V)
T —\/‘Zh’? sin o |2 + oS cos 2
_ Ky, 0 f 3
0,y = \_/-T'r—r O S B o * W08
K 0 f 4§17
Oey = ~I o5 — - [1 - sin = sin —] (2.12)
A 2 2 2 .

The displacement components in the x and y directions become:



a. for the state of plane stress

R R B B
=G Vazon 2[1-» cos 2

o =T g con g [ et 5] -
b. for the state of plane strain

ux=%1/§j i %{2 2v + cos? %}

u).=% ;—E %{1—2u+sin:%} (2.14)

The strain-energy-release rate for the Mode II deformation takes

on an identical form as equation (2.9)

(2.15)

3. MODE III - TEARING MODE - The Mode III deformation is due to an out-

of-plane shear which can be produced locally in torsion loading. The

stress-intensity factor, KIII’ is determined by

1\'111=’1_i_r_%0yz(rs0=0) ‘\/ 27” (2 16)

The local stresses in terms of local polar coordinates for the

tearing mode are

KI’[ 0

Ty == == sin -

\/ Zar &

g, = Riu, cos A
v/ 2nr 2 (2.17)

and the displacements become



(2.18)

where w is the deformation due to out-of-plane warping.

The strain-energy-release rate for the Mode III deformation is

represented by
; _ 1 "
S = 55[\111 (2.19)

4. SUPERPOSITION OF MODES - The theory of fracture mechanics described

above is based on the linear theory of elasticity, therefore, stress
functions for other boundary value problems with identical geometries and
same opgning modes can be superimposed. The corresponding stress-
intensity factors for the same mode of crack deformation can be super-
imposed as

K=K +Kp+ - +K;,

Ky=Ki+Ky, +- -+ Ky,

Kip=Kyn * Ky v+ Ky,

(2.20)

where m, n, and p are integers.
The crack-opening forces are scalar terms involving the strain-
energy-release rates and, therefore, crack opening forces for different

modes of crack deformation can be superimposed as

IL=p o 1= __ 1
2G Ki+ [\121 H —— 5

, - K
2¢ 20 “HHI

§=G+Su*Guu =
{221

The elastic plane state of stress in the vicinity of the crack tip
in terms of local polar coordinates can be obtained by the linear super-

position of equations (2.4) and 2.12) as
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Uxx=?cosi[l-singsin—— - T Q 2+cos— "¢ —]
. 2ar 0 2 27" 2] \/rrr 2 [Ty

O,, = —7=== COS 9 [l + sin Q sin %1 [f__{” cos -0— si ?— a0

v T om0 g | TN BV F =Rt R i
By = & Sin?‘COSQ‘cos% K os() 1-sit L |

¥ 2ar 27 9 5 J3mEC sin 5+ sin = (2.22)

The elastic plane-stress state of displacement in the vicinity of
the crack tip can be obtained by the linear superposition of equations

(2.5) and 2.13) as

The analytical solutions to the methods presented yield stress-
intensity factors for only a limited number of simple problems, and
Tengthy exact solutions to idealized problems only approximate the actual
conditions. Therefore, numerical methods, in particular the method of
finite-element analysis, have been used to obtain numerical solutions to
actual two dimensional crack problems. If the state of stress or dis-
placement in the vicinity of the crack tip can be determined within a
reasonable degree of accuracy, the stress intensity factors can be com-
puted by the use of equations (2.22) or (2.23). The finite-element
analysis must then produce sufficiently accurate states of stress or

L) displacement within the local region where these equations are valid.
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As a well known rule of thumb, this local region has been defined as
r < (a/20), where a is the half-crack length of a straight crack
(Kobayashi) .

The stress-intensity factor depends on the load, specimen geometry,
and crack configuration and can be evaluated experimentally or by analy-
tical techniques. The critical éthess-intensity factors are material

properties. has been determined by using beam specimens whose

Kic
dimensions fulfill the established fracture mechanics criteria

(Ramsamooj, 1970). However, standard criteria to perform K and KI

Ilc IIc

tests or values for K and K for asphalt or other materials have

Iic Illc
not been established (Luther et al., 1976).

The strain energy density criterion of fracture or S-criterion was
introduced by Sih (1973). This new criterion assumes that failure starts
by breaking material elements at finite distances away from the crack
front. The locations of these elements are determined from the relative
minimum of strain energy density. Sih established that for most loading
conditions the energy of volume change is larger than the energy of shape
change at these locations. As a result of the material elements breaking
up, the crack grows in certain preferred directions which can be computed
and the load required to produee a certain value of strain energy density,
characteristic of the material at fracture, can also be obtained.

In two dimensions, fracture initiates from a point element ahead of
the crack where the strain energy density factor, S, reaches a critical
value, Scr’ and if the fracture is considered as three dimensional, then
there is a whole line of critical elements parallel to the straight crack
edge. When all three stress intensity factors, K, Kit and K , are

I1I
present along the crack border, the fracture criterion should express



that fracture occurs when some combination of them reaches a critical

value such that

FOKKTEs Kppp) = Fer
Such a criterion is developed by referring to the strain energy stored
in a volume element ahead of the crack. The strain energy stored in a

volume element dV = dx dy dz is a quadratic form of the stresses oy,

7 and Uy such that

Oyy» 9zz» gy z

o] )
Y %
9227 5 (0ygxTyy + Oyyzz * 07295y)

(0, 2 + OXZZ + oyzz) (2.24)

where v is Poisson's ratio, E is Young's modulus of the material, and

Tyx> Tyys and Sy are expressed by equations (2.22) and Ozz5 Oyzs and

g,, are given by

Yz

2z = 20 —== COS 2 o« By

XZ

= cos (2.25)

ag
ye V?m"

N o

Substituting the stresses from equations (2.22) and (2.25) into

(2.24), the strain energy per unit volume may be written as

dW ; .
o % + non-singular terms (2.

[A]

[RS]

(63}
~—

20
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which become singular in the 1imit as r - 0. The strain energy density
S is defined only if r ¥ 0 and hence the volume element is always kept
at a finite distance away from the crack border. S is expressed as a

quadratic form in the stress intensity factors SE k2 and k3:

= 2+ 2 2 °
S a1, k1 2a12 k1 k2 + P k2 + a35 k3 (2.27)

N

where k = In two dimensional problems the factors kl’ kz and k3

—_—

Vil
are constant along the crack front and S is only dependent on the polar

angle 6. The coefficients 3115 3125 322 and aj3 are given by

1

aj; = — {(3-4u-coso)(1l+cosg)}

16G
aj, = _L {(2sin8)(cosg) - (1-20)}

16G

e b -

955 T8 {4(1-v)(1-cose) + (1l+coso)(3cosh-1)}
a.. = L (2.28)
33 g '

Sih {1975) has preposed that crack-propagation initiating from an
inherent flaw in the material is determined by the energy density in the
region of high stress elevation. The locations of maximum yielding and
of brittle fracture can be found from the stationary values of the strain
energy density factor, S. The basic hypotheses of the strain energy
density factor theory as applied to two-dimensional crack problems are

outlined as follows:
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Hypothesis (1): The direction of crack propagation at any point
along the crack border is toward the region with the minimum value of
strain energy density‘factor, S, as compared with other regions on the
same spherical surface surrounding the point.

Hypothesis (2): Crack éxtension occurs when the strain energy
density factor in the region determined by hypotheses (1), S =S . ,

min

reaches a critical value, Scr‘

Hypotheses (1) and (2) are sufficient for determining where and when
unstable crack propagation occurs in a two-dimensional problem in which

all the elements at the same distance r_ from the straight crack front

0
are assumed to fail simultaneously. The relation Spn * ro(dw/dv)Cr
implies that if o is constant a]bng the crack front then the value S..
is uniquely related to (dN/dV)Cr.

In order to apply the strain energy density theory, the minimum
value of S along the crack border is required. It is seen from equation
(2.27) that S is a function of 8 through the coefficients Aij' The range
of 8 is (-m,n). The function S(8) is said to have a local minimum at
(eo) in the region R(-m<6<nm), if S(0) > S(eo) for all points (8) in the
neighborhood of the point (0,) in R.

If the function S(8) is differentiable in the region R and a sta-
tionary value is attained at an interior point (00), then the first

derivative of S(8) with respect to (@) vanishes at (o ), i.e.,

0

—
™
~
Ne)

~

56 i
2 o= g et (4. )
90 0

IfS is a relative minimum at (90), then usually the second derivative of

S satisfied the condition
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Sih's strain energy density theory provides an analytical method

for investigating mixed mode fracture and the propagation of cracks.

B. METHODS OF PREVENTION

Many highway agencies have experimented with numerous methods of
asphaltic concrete overlay construction. The five methods generally used
by most highway departments in attempting to prevent reflection cracking
in an asphaltic concrete overlay, implemented either independently or in
combinations, are: (1) increase the thickness of the asphaltic concrete
overlay, (2) use an intermediate layer of granular base (cushion course),
(3) reseat the slabs by rolling, (4) break the slabs into small segments,
and (5) use a stress relief (open-grade asphalt) base course. Although
not widely used, several other experimental methods have been extensively
studied. These other methods fall into two general categories. OQOne
category gives three methods that may be considéred in the design of the
asphaltic concrete overlay. These three methods provide the use of:
(1) reinforcement, (2) admixtures, or (3) asphalt stiffness. The second
category gives three methods of treatment of the joints and cracks. The
three joint treatment methods consist of: (1) filling existing joints
with imcompressibles, (2) breaking bond between asphalt and pavement, or
(3) replicating the existing joints by sawing the overlay layer.

1. INCREASED THICKMESS OF ASPHALTIC COMCRETE OVERLAY - Several studies

investigated the effects of overlay thicknesses in conjunction with other
methods such as wire mesh reinforcement (Zube, 1956) and pavement

breaker-rolling (Korfhage, 1970). Regardless of the overlay thickness

23
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used, all studies show some degree of reflection cracking. Figure 2.5,

from Korfhage's report, indicates that an increase in thickness tends to

reduce the amount of reflected cracking. HNote that for the 5, 6, and 9
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Figure 2.5 Increase in iransverse Join! Reflection.
(From Korfhage, 1970)

inch overlays a roller was used to break the existing pavement. A major-
ity of the joint reflections occurred during the first year. After five
years, all of the sections had developed sixty or more percent joint
reflections with only about a ten percent réduction between the 5 incnh
and the 9 inch overlays.

2. INTERMEDIATE GRANULAR BASE - A base of crushed gravel overlaying a

portland-cement concrete pavement has been effective in reducing reflec-

tive cracking. It is assumed that the cushion absorbs most of the slab

movement without transmitting detrimental effects to the ov

son and Marsh, 1956, reported that after five-years one pavement
Y
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layer of crushed gravel base three inches thick laid over the old pave-
ment reflected joints but not serious enough to impair riding quality. A
pavement with a six inches thick crushed gravel base was in excellent
condition and did not reflect cracks.

Billingsley, 1966, experimented with a cushion course over regular
Jointed slabs that had been broken into approximately one foot segments.
Comparison, over a seven year period, of the cushion course section to one
where the asphaltic concrete pavement was placed directly on top of the
pavement, indicated the cushion course section to be superior.

Copple and Ochler, 1968, reported varying results from their in-
vestigation. Although cushions did reduce reflection cracking, thick-
nesses of eight inches did not completely eliminate them. This method
does not appear to be economically feasible because of the large quantity
of aggregate required both in terms of cost and availability, because of
the additional problems created during overlay operations, and because of
the lack of structural stability of the aggregate layer.

3. RESEAT SLABS BY ROLLING - The purpose of seating the existing concrete

pavement slabs is to eliminate excessive vertical movements or rocking

of the slabs. This is accomplished by applying sufficient weight and
roller applications to the pavement that will place the slab in contact
with the base at all points. The continuity of the slab is thus main-
tained and the load carrying capacity is increased. Figure 2.5 shows that
rolling of the pavement slabs prior to a 5 inch overlay reduced reflec-
tion cracks by over 30 percent when compared to the unrolled 4'; inch
overlays. However, over 50 percent of the joints had reflected in the

5 inch overlay within two years. This method reduces reflection cracking

caused by excessive vertical movement of the slab, but has little effect
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on the magnitude of movement due to thermal changes (Highway Research
Board, 1972). _

4. BREAKING SLABS INTO SMALL SEGMENTS - Techniques which break up the

existing cracked or jointed pavement slabs into small pieces or small
blocks are used to minimize or delay the occurrence of reflection crack-
ing. Smith and Bartner (1962) found that breaking of the existing rigid
pavement into approximately 3-ft. pieces prevented the reflection of
original cracks and joints. Only a few cracks were noted where the pave-
ment was broken. In all cases these cracks were reported to be fine in
magnitude and short in length. Lyon (1970) reports on a ten year study
where significant reduction of reftection cracking was observed on one
project where the original rigid pavement had been broken down by rolling.
However, on subsequent projects, the use of heavy rollers failed to

crush the base pavement. In other studies results were inconclusive
because, although there were significant reductions of reflection cracks,
other type cracks, such as longitudinal and alligator cracking had
developed (Korfhage, 1970). The disadvantages of this technique are

the large loss in load-carrying capacity caused by breaking up the slabs,
and the added construction costs involved.

5. STRESS RELIEF BASE COURSE - An open;grade asphaltic concrete mix

having intercohnecting voids in the range of 25 to 35 percent, was pro-
posed by Hensley (1975). The open-grade course is used in two and three
layer systems. It is laid on top of the existing concrete pavement and
then overlaid with a conventional binder course and/or a surface course.
Hensley recommends the three layer system because the surface course of
the two layer system infiltrates into the voids of the open-grade course

and defeats the purpose of the mix. MWith the three Tayer system an
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intermediate binder course overlays the open-grade course with aggregates
sufficiently sized to prevent infiltration. The purpose of the open-
grade course is to dissipate the crack action before it reaches the
surface course.

Arkansas has experimented with both a two layer system and a three
layer system. Approximately two years after the construction of a two
layer system, using a 2-inch top-size aggregate open-grade course over-
laid with a surface course, approximately 25 percent of the joints and
cracks had reflected to the surface. To date, approximately seven years
after construction with the three layer system using a 3-inch top-size
aggregate open-grade course overlaid with a binder and a surface course,
the system has been 100 percent effective in eliminating reflection
cracking. However, rutting has occurred on some sections and it may be
a major concern for this type of construction.

6. REINFORCEMENT - Bone et al. (1954), Zube (1956), Tons et al. (1961),

Smith and Cartner (1962), Chastain and Mitchell (1964), and Bushing et
al. (1970) have experimented with the use of welded wire mesh reinforcing
in the asphaltic concrete overlay in attempts to distribute the stresses
induced by opening of a joint or crack to values insufficient to cause
the overlay to crack. Experiments, varying from short strips placed
directly over the joints or cracks to continuous reinforcement, have had
from good to poor degrees of success in the prevention of reflection
cracking. Fabric reinforcement such as polyester fabric, non-woven poly-
propylene fabric, asbestos fabric, and other synthetic fiber materials
are being studied for use in the prevention or retardation of reflection
cracking. Because of the variability in results, wire mesh and fabric

reinforcing is considered to be experimental construction.
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7. ADMIXTURES - Additives have been introduced into asphaltic concrete
mixes in attampts to increase the ductility or stretchability of the
asphaltic concrete so that it can absorb the joint and crack movements of
the concrete pavement slabs. Roggween and Tons (1956) experimented with
emulsified rubber asphalt, synthetic rubber and natural rubber crumbs,
but no difference in performance was observed between sections with or
without additives. Bone and Crump (1956) reported that various'fypes of
rubber added to asphaltic concrete mixes can significantly increase the
ductility of the mix, but there is no indication that the increase is
sufficient to prevent reflection cracking. Gould (1961) and a study of
the Road Research Laboratory in England indicated that rubber in the
asphalt did not reduce cracking. Several agencies have experimented
with the use of asbestos additives in asphaltic concrete overlays, but

results have been inconclusive.

8. ASPHALT STIFFNESS - Roberts (1954) compared reflection cracking in

two different penetration grades of asphalt. The softer asphalt (115-
penetration) reduced reflection cracking to approximately one-half of
that in the stiffer asphalt (80-penetration). This study indicated that
the asphalt stiffness may play a significant role in the amount of re-
flection cracking. Although rubber additives and softer asphalts have
been used in overlays, precautions should be taken in the mix design to
develop mixes that are not as susceptible to temperature changes (Hass
1970 and Burgen et al. 1971).

9. FILLING EXISTING JOINTS WITH INCOMPRESSIBLES - One project attempted

to reduce movement at the joints of an overlaid concrete pavement by
filling the joints with incompressible material. This resulted in dis-

astrous blowups occurring at every fifth joint (Synthesis of Highway
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Practice 9, HRB, 1972). Because of the results of this study, no further
investigation of this method has been done.

10. BREAKING BOND BETWEEN ASPHALT AND PAVEMENT - An experimental test

section by the Road Research Laboratory implemented the use of smooth
plates and expanded metal strip between the concrete pavement and the
asphaltic concrete overlay, in an attempt to have a longer gage length
for the asphalt to absorb joint movements. Reflection cracking was re-
duced slightly, but those sections that did crack had severe disintegra-
tion. Vicelja (1963) used aluminum foil, building paper, sheet metal,
stone dust, and wax paper as bond breakers. The sheet metal and building
paper were eliminated early because of construction problems. Vicelja
reported approximately 50 percent reduction in reflection cracking in the
testvsections utilizing wax paper and aluminum foil. During the four
years covered'by the report, no craéks had occurred in the section where
stone dust was used, whereas cracks developed throughtout the entire un-
treated control section. Luther (1973) reports that in addition to con-
struction problems in placing the bond breaking material, detrimental
effects may result from their use by setting up an additional free sur-
face into which air and water may more readily attack the resurfacing
material.

11. REPLICATE JOINTS BY SAWING THE ASPHALTIC CONCRETE LAYER - Wilson

(1962) experimented with controlling reflection cracking by sawing three-
eights inch wide, and from one-half to one and three-quarters inch deep
Joints in the asphaltic concrete overlay above the existing concrete
pavement joints. This substantially extended the maintenance-free 1ife
of the overlay, but it did not reduce reflection cracking.

Practically all studies reviewed that attempted methods to control
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reflection cracking, reported the occurrence of reflection cracking in
varying degrees. The most promising method appears to be a three layer
asphaltic concrete structure wgfch uses a stress relief base course over-
laid with a binder and surface course. The economic value of this method,
in relation to anticipated maintenance cost savings compared to the

system cost, are still to be determined.

C. METHODS OF PREDICTION

Predicting the rate at which joints or cracks in an underlying layer
of a pavement will reflect through an asphaltic concrete overlay has been
the objective of several research projects. The basic approach to the
problem of predicting the initiation and growth of reflection cracks, un-
der the combined influence of hepeated vehicular loading and changes in
temperature, has been an application of the principles of fracture me-
chanics.

Substantial work has been done on Mode I fracture in bituminous ma-
terials where damage growth is represented in accordance with Paris' Taw

de _ wd ,
= AK (2.32)

where ¢ is the crack length, N is the number of cycles, %ﬁ is the rate of

crack propagation, A is a material property and K is the stress-intensity
factor (Ramsamooj, 1970; Luther, 1973; Ramsamooj, 1975; Majidzadeh and
Ramsamooj, 1973; Luther et al., 1976; Majidzadeh et el., 1977).

Analytical methods have been developed to determine the stress-
intensity factor K for a given crack size and specimen geometry and for
various boundary conditions. Figure 2.6 shows the results of Gross and
Srawley's analysis of K values for a simply supported beam acted on by a
load at the center. The K-value for a beam supported on an elastic

foundation with a central load was determined by Ramsamooj (1970) by the
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boundary collocation method and by a finite element prograh. Ramsamoocj's
results for the stress-intensity factors versus crack lengths for two
types of foundations are reproduced in Figure 2.7. For beams on elastic
foundations, Majidzadeh and Ramsamooj (1973) report that K for any type
loading, crack pattern, and geometry can be determined experimentally by
measuring the change in deflection as the crack grows and by applying

the formula

K2 = P2E sL (2.33)
2(1-v2) e

where P is the load, E is Young's modulus, v is Poisson's ratio, L is the
compliance (the inverse slope of'the load-deflection diagram), c is the
crack length, and sL/sc is the rate of change of the compliance cf the
system with crack dépth. Figure 2.8, reproduced from Ramsamooj (1970),
shows K versus ¢ curves for the experimentally deduced K values compared
with the boundary collocation and finite element solutions.

In the research work carried out at the Ohio State University, the
applicability of the theory to asphaltic materials has been examined in
the light of two important assumptions made in the theoretical concepts
(Majidzadeh and Ramsamooj, 1973):

1. The material must be homogeneous, isotropic, and essentially
elastic-plastic, and

2. The size of the plastic zone at the tip of the crack must be
small in comparison to the crack and specimen dimension.

The first assumption is one that is generally accepted for asphaltic

materials. With regard to the second assumption, the size of the plastic
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zone ry can be calculated from the formula

K. 2
r,o= == (2D (2.34)
J 2m
Y
where gy is the yield stress in tension.
Using this estimate of the size of the plastic zone, Srawley and
Roberts (1969) established criteria for the crack length, width, and
depth of beam to ensure plane strain conditions and the applicability

of linear elastic fracture mechanics. The criteria state that both the

crack depth and width of the beam should exceed

2
2.5 K1) (2.35)

9y

For a pavement the theory is applicable if the thickness of the asphaltic
layer is greater than 1.25 (KI/oy)Z. |

Results of experiments conducted at Ohio State University from tests
on simply supported beams of sand asphalt tested at 23°F showed that the
rate of crack propagation correlated well with the stress-intensity fac-
tor in accordance with Paris' Taw, equation (2.32). The beams failed
when the crack reached the critical crack length cg corresponding to the
critical stress-intensity factor KIC' The fatigug Tife N¢ of the beam

was expressed as
Cs y
\ = A
i oj o dc (2.36)

where < is the starter flaw. The fatigue 1ife may be considered as the
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number of cycles of repeated loading to propagate a starter flaw, Co>
into a crack of critical size, cg. The starter flaw is a material con-
stant, but is subjected to statistical varijation and is believed to be
principally responsible for the statistical variation of fatigue 1ife.
The cracking of flexible pavements under moving load was investi-

gated by Majidzadeh and Ramsamooj (1973). They presented a growth law in

the form of

dc 2

N (2.37)

= Ak and Ak
- l\I an 2\1I

where KI and KII are stress-intensity factors for Mode I and Mode II’
cracking. The obvious assumption here is that the damage resulting from
the action of each fracture mode is additive and independent.

Ramsamooj (1973) formulated a method of solution to the problem of
the initiation and growth of reflection cracks under the combined influ-
ence of repeated vehicular loading and changes in temperature, Both the
theory of linear elastic fracture mechanics and that of delayed fracture
in viscoelastic materials are used. Ramsamooj assumes that the crack
will propagate in two modes: the opening mode and the in-plane sliding
mode, with the opening mode being of greater importance. Once the range
and distribution of starter flaws in the overlay along the potential line
of cracking and the properties of the component layers of the pavement

have been determined experimentally, Ramsamooj theorizes that the rate of

crack propagation can be obtained from the crack growth Tlaw:

—
[R®]
(O8]
o

~

= A Iy A L
- Al (uKI) + AZ (UKII)‘
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where AK is ‘the increment in K due to the passage of a wheel load, K, and
KII are the stress-intensity factors for Modes I and II cracking under
the stresses produced by traffic loading. Equation (2.38) is applicable
when the mean Tload is constant. For a variable mean load the rate of

crack propagation is given by

_d_C~= ! 2 Lt )
an A" (1+8)2 (ak) (2.39)

where K < Kcr’ g = (K + K

max min)/ZAK and A' is the crack propagation

constant. Equation (2.39) is applicable if the vehicle speed is greater
than 15 mph so that the response of the pavement due to the passage of
wheel loads may be considered elastic.

The response of the pavement due to stresses produced by stowly
varying -temperatures is essentially viscoelastic in nature. A crack in

a viscoelastic material initiates after a time
ty = w_](m) (2.40)

where m is equal to (KIC/KI)Z’ J(t) is the the compliance at time t, y is
the compliance function equal to J(t)/J(0) and w'l is the inverse com-
pliance function. The crack then grows at a finite rate until eventually
at time, tcr’ when the stress-intensity factor reaches its critical
value, KIC’ catastrophic failure occurs. The rate at which the subcriti-

cal crack grows, for ti <t < tcr’ is given by

de b (2.41)
dt K e/k)?
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where Ao = "(KI/Uy)Z

8(1-v2)

If the wheel loads pass over the crack at regular intervals at the
rate of n per day, where N = nt, then the total rate of crack growth,
(dc/dt)t, due to both vehicular loading and temperature stresses will be

given by (for t.<t<t )
cr

(§5) = nAI(1+8)2(aKp)% + nAb (1+8)2(oky )"

A

= 2.42
pl (KIC/KI)Z ( )
and for t < ti
d , 4 '
(3%)t = nA1(1+e)2(AKI)“ + A, (1+5)2(AKII)’ (2.43)

Ramsamooj states that.equations (2.42) and (2.43) are sufficient to
completely describe the rate of growth of reflection crack at any time
during the loading history. However, in providing an example applying
these principles, it was assumed that the resistance to cracking in the
in-plane sliding mode was much greater than that in the opening mode
and, therefore, the in-plane sliding mode was neglected. Ramsamooj
recognized that this assumption may not be true and recommended that the

method be completely verified experimentally.
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Luther et al. (1976) conducted fatigue tests to verify the hypothe-
'sis that reflection cracking is of mixed-mode fracture (specifically not
Mode I) and to observe the general propagation and mechanics of crack
growth. The general concept of Sih's strain-energy-density factor is
presénted és a method of analysis for mixed-mode fracture experienced
in asphalt overlays. The finite element method was used to evaluate the
minimum strain-energy-density factor, Smin’ and 6, for various initial
flaw crack lengths of a two dimensional overlay model shown in Figure 2.9.
The eo angles were all calculated to be about 12 degrees and agreed well
with the observed fracture angle obtained during fatigue tests on the
models. From the crack length versus cycle data obtained during these
fatigue tests dc/dN was obtained, and its relation with S | dis shown

min
in Figure 2.10. The growth is described by

dc , «n
dN = A Sm].n . (2.44)

where A' = 6.8 X 10"6 in./cycle and n - 2.309. Equation (2.44) was
derived for the same sand-asphalt material as that used in modeling
flexible pavements where crack growth was found to be proportional to KI4.
Since K is proportional to S%, Luther, et al. conclude that any growth
law involving Smin for sand asphalt would expect to have an n power of
about 2.0. They further conclude that, pending further investigation
of the constants n and A', the fatigue life of an asphalt overlay (for

load-endured reflection cracking) may be expressed by

[p®)
£
(3]

N = f A'Sn dc
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where c, = initial flaw and Ce is the crack length at which Scr is

reached or the overlay thickness, whichever is less.

D. SUMMARY

Attempts at reducing or eliminating reflection cracking by imple-
menting trial and error methods have resulted in moderate to poor
degrees of success. Trial and error design methods based on experience
and empirical testing cannot incorporate the many variables involved
in the design of pavements, nor can they incorporate new advances in
technology and products. However, the modern day computers can be
programmed for these variables and changes to aid in the solution of
these problems. With the aid of the computer, several analytical
methods have been developed which predict crack initiation and rate
of crack growth to aid in the design of asphaltic concrete overlays that
will eliminate or retard the development of reflection cracking and
thereby increase the maintenance-free 1ife of the overlay.

One computer model reviewed makes simplifying assumptions which
have been neither experimentally nor field verified and which may or
may not be applicable. They recommend the need for verification.
Another model analyzed the effects of Modes I and Il type failures and
their findings reportedly verified by instrumentation of laboratory
models. This, however, dealt with a single layer overlay system. Most
computer models provide analysis of multilayered systems, but the as-
phaltic concrete overlay is generally treated as a single layer with
the other layers being the subgrade and/or the concrete pavement. When
a multilayered asphaltic concrete overlay is considered, especially when
an open-graded base course is used, the properties of the open-graded

course and that of the binder course are considerably different, and.
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therefore, must be treated as a separate layer. Therevare also signifi-
cantly different properties between the binder and surface courses.

This literature review did not produce any studies on the determination
of the physical properties of an open-graded asphaltic concrete mix.
Although surface deflections have been commonly measured using the
Benkelman beam or the method of dynaflect deflection, the Tliterature
reviewed did not produce any studies where actual movements were
measured within a multilayered overlay structure in the vicinity of an
overlaid joint to verify a computer analysis.

One of the objectives of this research project is to obtaiﬁ field
measurements of vertical and horizontal movements within a multilayered
overlay structure in the vicinity of an overlaid joint. The instru-
mentation which will be used to monitor these movemenﬁs is presented in

the following chapter.



CHAPTER III
INSTRUMENTATION

A. GENERAL

The instrumentation system is designed to measure horizontal move-
ments at each interface and vertical movements in each layer of a
multi-layered asphaltic concrete hot mixed overlay structure in the
vicinity of a joint in an overlaid Portland cement concrete pavement.

It is also designed to measure the temperature at each interface of the
overlay. This system will provide both static and dynamic measurements
of vertical and horizontal movements in the vicinity of an overlaid
joint. Static measurements will provide data to determine daily move-
ments and cumulative long-term movements primarily associated with daily
and seasonal temperature changes. The dynamic measurements will provide
data to determine instantaneous movements in the vicinity of an overlaid
joint as a wheel load travels across the joint.

Embedded induction coil sensors will provide the signals for both
static and dynamic measurements of displacement. Thermistors will prec-
vide temperature measurements. Stresses at ]ayef interfaces will be
measured by strain gage diaphragm-type pressure cells.

Data acquisition or readout of static displacements will be accom-
plished using a single channel battery-operated meter. Dynamic displace-
ments will be recorded using a 20-channel data acquisition system con-
trolled by a microprocessor. Stress cell data will be taken with the
dynamic data acquisition system. Temperature data from the thermistors
will be taken with a battgry—operated analog meter. Details of the

sensors used and the data acquisition devices are given in this chapter.
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B. SENSORS

1. INDUCTION COIL SENSORS - The two basic components used to make the

static displacement measurements are a pair of wire wound induction coil
discs and an external instrument package (Figure 3.1). Pairs of sensors
are placed in coaxial and coplanar alignment. A pair of sensors does
not require any physical connection between the two coils, except for
the coaxial cables independently running back to the signal conditioner.
When a pair of sensors is energized, one becomes the transmitting coil

and the other the receiving coil. The separation of the pair is sensed
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by using the electromagnetic coupling between the two because they operate

on the basic principle that two electrical coils in proximity will couple

energy from one to the other (Figure 3.2). The electrical output of the

Figure 3.1 Bison Strain Gage Console with a Pair
of 2 in. and a Pair of 1 in. Diameter Induction Coil
Sensors. Calibration Apparatus is in the Foreground.

receiving coil will be an inverse and nonlinear function of the spacing

between the coils (Figure 3.2b). An induction bridge allows the output
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Basic Inductive Coil Displacement Transducer.

Figure 3.2
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voltage to be measured as a function of strain, since a change in spacing
from the initial spacing produces a bridge unbalance. The sensor pairs
can generally operate at any spacing between one and four times the
nominal coil diameter. They are capable of measuring dynamic strains
of 0.005 percent and long term static strains of 0.05 percent with an
accuracy of 1 percent.

The two axis, two-inch diameter coil configuration shown in Figure
3.3 was selected for six locations along the contraction joint in the
outside lane of the overlaid concrete pavement, to measure vertical
movements in each course of the overlay and horizontal movements across
the joint at each interface of the overlay. The three axisfconfiguration
shown in Figure 3.3 was selected for the center line joint between the

outside and inside lanes.

S @Eg@
S T&\ o

\@% @5\ ) ISR

(a) BIAXIAL ARRAY () TRIAXIAL ARRAY

Figure 3.3 Coil Configuration in Three Layered Overlay.
The vertical extenscmeter (Figure 3.4) is designed to measure the

vertical movement of the overlaid concrete slab at the joint. The
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Figure 3.4 Detail of Vertical Extensometer.

sensor pair used with the extensometer consists of a one-inch and a two-
inch diameter sensor.

The extensometer is assembled in the field. A two-inch diameter
hole is cored through the existing concrete pavement. A one-half inch
diameter steel rod six feet in length is driven through the center of the
hole and into the undisturbed subgrade until the top of the rod is ap-
proximately two and one-half inches below the top of the concrete pave-

ment. The rod is encased in a three-quarter-inch diameter flexible hose
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to prevent the development of frictional stresses between the rod and
the subgrade soil. A one-inch diameter sensor set on an aluminum cap
is secured to the top of the rod. This completes the bottom half as-
sembly of the extensometer. The top half assembly consists of a two-
inch diameter sensor set on a plexiglass cap and secured to the top of
an aluminum pipe sleeve. The pipe sleeve is placed in the cored hole
and encases the one-inch diameter sensor. This maintains a coaxial
alignment between the one-inch and two-inch sensors. Using epoxy and
contact cement the top half assembly is secured to the concrete pave-
ment. For further discussion and illustrations on the extensometer,
refer to the section on Field Installation.

2. TEMPERATURE SENSORS - The temperature measuring system (ngure 3.5)s

consists of thermistors embedded at each interface of the overlay at
the approximate center line of the outside traffic lane. The sensors,
which have the capability of measuring temperature between -20°F and
2129F, are connected to a remote temperature indicator which has a

resolution of 2°F accuracy of + one percent of full range.

Figure 3.5 Remote Temperature Indicator with
System Expansion Box and Thermistor.
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3. STRESS CELLS - Stress cells designed as a flat circular diaphragm

with fixed edges were constructed for installation at the layer inter-
faces within the overlays. Strains induced by externally applied stress
were sensed by semiconductor strain gages bonded to the diaphragm. A
full bridge circuit was used with connections made to give the maximum
output. Two sizes were used, one for placement on top of the existing
concrete pavement, and the other smaller size for embedment in the
asphaltic concrete. The cell placed on top of the concrete pavement

was 11 inches in diameter and 1 inch thick with one active diaphragm 7
inches in diameter and 0.250 inches thick. The free field cells embedded
in the overlay material were 4.50 inches in diametervand 0.500 inches
thick with two active diaphragms (opposing faces of the cell) 3 inches
in diameter and 0.125 inches thick.

C. SENSOR CALIBRATIONS

1. INDUCTION COIL SENSORS - The calibration apparatus shown in Figure

3.1 is used to obtain spacing calibration curves for pairs of induction
coil sensors. With the proper accessories, a pair of sensors is attached
to the apparatus in either a coaxial or coplanar orientation. The
extension and retraction of the micrometer, which is mounted on the ap-
paratus, produces accurate changes in the spacing between the two sensors.
The sensors are connected to the strain instrument which has three coarse
balance settings to permit operation over the entire range from one to
four nominal coil diameters. For each coarse setting the spacings of

the sensors are correlated with the amplitude dial readings. This is
accomplished by setting the amplitude dial reading and then adjusting

the spacing and phase balance so that both are nulled. This is repeated

for every fifty or one hundred unit increments over the full one thousand
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units range of the amplitude dial, and for each of the three coarse
settings on the strain instrument. A typical set of spacing calibration
curves for a pair of sensors, first in coaxial orientation and then in
coplanar orientation, is shown in Figure 3.6

To investigate the effect of misalignment through lateral trans-
lation and rotation that may occur with the free floating sensors,
numerous calibrations were conducted with various misalignments of the
sensors, Figures 3.7 and 3.8. Essentially misalignment causes a downward
shift in the spacing calibration curves as shown in Figure 3.6. Since
the slopes of the curves remain about the same, the measured spacing
change will still be correct. The sensors, however, will appear to be
farther apart than they actually are. This will introduce a small error
in strain because too large a gage length will be specified. Analysis
of the calibration data for lateral displacements of up to 1/4 of an
inéh and for rotations of up to ten degrees about a Tongitudinal or a
transverse axis, indicate an error of less than one percent of the com-
puted strain when the sensors”are in alignment. Misalignment, therefore,
is not a critical factor, because a lateral shift or a small rotation
produces a signal which is an order of magnitude smaller than an equal
axial or an equal planar movement. The gage is practically insensitive
to lateral movements or small rotations in the vicinity of a coaxial
and coplanar alignment. A study by Selig and Grangaard (19705 presents
similar conclusions, and adds that a rotation of + 10 degrees is not
significant and that a rotation of + 20 degrees causes an error usually
less than 10 percent.

Due to the method and precision with which the sensors were installed

and the nature of the material into which they were embedded, it is
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Figure 3.6 Typical Calibration Curves for 2 in. Diameter Sensors.



Figure 3.7
Orientation.

(d)  Calibration Mount for Coaxial Rotation.

Calibration Mounts for a Pair of 2 in. Sensors

in Coaxial
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(d)

Figure 3.8
Orientation.

Calibration Mount for Coplanar Double Axis Rotation.

Calibration Mounts for a Pair of 2 in. Sensors in Coplanar

52
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doubtful that misalignments having the magnitude of those calibrated will
occur. Additional support for this belief was obtained by the examina-
tion of two cores taken from a three layered overlay site, with each
containing a stack of three sensors. In both stacks, the three sensors
were in very near coaxial alignment. The top and bottom sensors in
each stack were very near parallel. The center sensors (on top of the
open grade course) had rotated. One sensor rotated approximately 6
degrees and the other approximately 3 degrees from parallel with the
others in their respective stack. It is concluded that the effects of
sensor lateral movement and rotation are generally small and thus it is
possible to accurately measure strain.

Calibration of the extensometer is performed by assembling the ex-
tensometer on the calibration device as shown in Figure 3.9. The same
procedure as outlined above for coaxial orientation of sensors is fol-
lowed and a similar set of spacing calibration curves as shown in Figure
3.6 is obtained.

2. STRESS CELLS - The calibration of the stress cells was accomplished

in the laboratory by constructing pressure chambers, filling them with
sand, embedding the stress cells within the sand, and applying pressure
to the sand using air pressure and a flexible membrane. Since the stress
cell is very stiff compared to either sand or asphaltic overlay material,
no significant error will be introduced by calibrating the cell in sand
rather than in the overlay material. The gage factor of the semicon-
ductor gages used changes with temperature, thus requiring calibration
for the range of service temperatures expected. The pressure chambers
containing the stress cells were placed in freezer units and allowed to

cool to 10°F and then calibration data was obtained. Calibration data
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was also obtained at room temperature of 72°F and the final calibration
was done after heating the chamber and stress cell in an oven to a tem-
perature of 1400F. Typical calibration curves are shown in Figure 3.10.
3. THERMISTORS - The manufacturer's calibration of the thermistors used
for temperéture measurement was checked by immersing the sensors in ice
water and hot water, checking the temperature with a mercury thermometer.
The supplied calibration was sufficiently accurate and was used.

D. STATIC DISPLACEMENT DATA ACQUISITION

The external instrument package to be used for static_measurements
is a commercial soil strain instrument introduced in 1970 by Bison In-
struments, Inc., Minneapolis, Minnesota. The Bison instrument to which
the sensors are connected contains all necessary driving, amplification,
balance, readout, and calibration controls along with a self-contained
power supp]y.l The bridge balance is accomplished by means of the phase
and amplitude controls, using the meter to indicate null. The amplitude
dial reading corresponds to the sensor spacing. Changes in spacing may
be determined by renulling and noting the changes in the amplitude read-
ing. They may also be determined by meter deflection from zero or by
voltage output on a recorder connected to the rear panel.

E. DYNAMIC DATA ACQUISITION

The field instrumentation system developed specifically for this
project was designed to meet the following goals:
1) Acquisition and conditioning of at least 20 signals from induc-
tion coil pairs;
2) Digitization of each channel at a maximum sampling rate of
2000 Hz/channel (40 KHz sampling rate total) with a resolution

of at least 8 bits;
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3) Recording of this data on one-half inch magnetic tape in IBM-

compatible format;
4) Capability for plotting out any selected channel from a pre-
viously recorded run for verification of run data; and
5) Straightforward system operation requiring minimal operator
training.
The above goals were achieved and resulted in the system henceforth
described as the Pavement Data Acquisition System (PDAS).
1. THE PDAS HARDWARE - Physically, the PDAS instrumentation resides

within a modified 1978 Ford long wheelbase van. The PDAS basically

consists of three consoles, refered to below as left, right and center,
with an operator's chair facing the center console and looking out the
left side of the vehicle. Provision for external AC power was also in-
"stalled. The van itself is equipped with dual air conditioning blowers
and the engine with heavy duty cooling capacity so that the interior of
the van can be kept at near room temperatures even on very hot days.

The left console consists of the following items: .

1) A bank of 20 Validyne CD90 Carrier Demodulators for powering
each transmitting coil and decoding the signal from each re-
ceiving coil. These units reside in a case with a common power
supply. Each transmitter output and each receiver input is
connected via a twisted wire pair to a BNC bulkhead connector
located on the left rear quarter panel of the van. From outside
the van, there appears two doors, approximately 8 in. square,
each of which covers an array of 20 BNC connectors, with trans-
mitting and receiving connectors grouped separately. In addi-

tion, there is also one BNC connector behind each door for



2)

3)

The

attachment of tape switches for signaling the beginning and end
of a run.

A variable frequency pulse generator for controlling the input
signal sample rate.

The magnetic tape formatter which controls the tape drive and
provides the appropriate characters necessary for producing an
IBM-compatible tape.

center console is a self-contained microcomputer with the fol-

lowing components:

Intel SBC 80/10 single board computer with 13K byte assembly
language program. \

Video controller board and 9-inch CRT.

Tape controller board

ASCII keyboard

Switching power supp]y;

25 channel multiplexer with 8 bit A/D converter. Full scale |
input voltage + 2.5 volts.

right console consists of the following:

45 ips magnetic tape drive (DigiData MAXIDECK), capable of
reading and writing 2400 foot tape reels.

AXIOM 820 printer-plotter for reproducing run headers and data

previously recorded on tape.

For conditioning the input AC power, a SOLA CVN voltage regulator

was installed inside the left rear door of the van. A covered AC

receptable on the outside left rear quarter allows power to be provided

by a stationary or portable source.
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2. THE PDAS SIGNAL PROCESSING - Connections are made between the van

connector panels and the desired mix of buried transmitter and receiver
coils. Each Validyne CD90 generates a 5 VRMS, 20 KHz signal for driving
a transmitter (in phase for all 20 units). The output from a receiving
coil is compared internally in the CD90 in magnitude and phase, resulting
in a DC signal with a +10 volt swing. Since this magnitude was found

to generate considerable crosstalk in the downstream multiplexer, the

CD90 outputs were modified with Zener diode clipping to restrict the
output swing to +4 volts. The CD90 has front panel controls for balancing
(required for each change in initial coil spacing), zero offset and sen-
sitivity (range 0.1 to 100 mv/v). The latter was set to the largest
value which would not generate an output exceeding +2.5 volts, generally
on the order of .25 mv/v. |

The A/D converter produces an 8 bit digital equivalent of each sig-
nal on software selected channels. The sample rate can be varied by the
pulse generator in the left console. The order in which input channels
are sampled is controlled by software. The digitized signals are input
to the tape controller, which writes the data to tape together with the
IBM check characters. Al1 data is written in 4K (4096) byte blocks.
Recording format is ASCII for all text and 8 bit 2's complement for all
data.

Following a run, any selected channel can be plotted out on the
AXIOM 820 plotter. Run header information and calibration data are also
included. Since the data on tape represent digital samples, they must
be converted before plotting. This is done by extracting the stored
CDI0 sensitivity settings and using the fact that for the A/D converter

*+2.5 volts equals 256 counts. This results in the calculation of a



demodulated voltage at the receiver coil. Then using the stored values
of initial coil spacing and installation mode (e.g., coaxial, coplanar,
etc.) and the nonlinear curve of displacement vs. voltage stored in ROM,
the actual coil displacement from the initial spacing can be determined
and plotted.
3. THE PDAS SOFTWARE - From the operator's viewpoint, PDAS control is
very straightforward. A menu of operations is made available from which
a mode is selected. Listed below is the menu; following the menu 1ist
is a description of each of the modes. The "MENU" key may be pressed any
time during operation of the system. If an action is being performed,
it will be halted. The system then displays a menu which describes each
of the functions that may be performed. The opeéator selects a function,
enters the corresponding function number, and presses the "ESC" key. The
selected function will then be started.

The menu functions are:

1) reset date and time

2) initialize new tape

3) define channel

4) define channel order
display channel summary

start new run

scratch last run on tape

)
)
7) rerun previous run
)
) plot run
)

tape diagnostic.



1) Reset Date and Time (entered on automatically at powerup) - When

power is applied to the system, certain information must be supplied by
the operator before any other actions are taken. The date and time must
be specified, along with a 40 character location name and the length of
the test pavement. This information is entered via the kayboard as

follows:

* DATE

The current date is specified in the form "MM/DD/YY", where "MM is the
numeric representation of the month, "DD" is the day of the month and "YY"
is the last two digits of the current year. Slashes separate the month
from the day and the day from the year. If the system is operated past

midnight, the date will be automatically incremented.

* TIME

The current time is specified in the form "HH:MM", where "HH" is the
number of hours since midnight and "MM" is the number of minutes into the
hour. A colon separates the hour and minute. The system operates with
a 24-hour clock. For example, 00:00 represents midnight, 10:00 is 10 AM,
12:00 is noon, and 20:00 is 8 PM. The date and time are written to tape
each time a run is started and are also printed each time a channel is

plotted.
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* LOCATION NAME

This field allows the operator to describe the test location using
the alphabetic and numeric buttons on the keyboard. Any combination of
letters and numbers up to 40 characters in length may be entered. The
Tocation name is written to tape each time a run is started and is also

reproduced each time a channel is plotted.

* DISTANCE BETWEEN START AND STOP SWITCHES

In order for the system to calculate the speed of the vehicle used
in each run, the length of the pavement must be known. For this calcu-
lation to be valid, the run must be started and stopped with signals
from tape switches 1lying on the pavement. The operator enters the num-
ber of feet and inches which separate the tape switches.

2) Initializing a New Tape - Before a new magnetic tape can be used

by the system it must be initialized. This operation writes a tape header
record at the beginning of the tape which includes a tape name, the loca-

tion name, and the current date and time.

* TAPE NAME

Before the tape is initialized, the operator is requested to enter a tape
name. The name may be any combination of letters and numbers up to 40
characters long. When the "ESC" key is pressed, the tape header record
is written to the tape. If no error is detected, the "INITIALIZATION
COMPLETE" message will be shown.
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* TAPE ERRORS

If the tape drive is not on line or is malfunctioning, an error
message will be displayed at the bottom of the screen.

3) Defining a Channel - The Pavement Data Acquisition System takes

its input from up to 25 transducer channels. Each channel may be set up
separately for different operating parameters which correspond to the
transducer being used. The operator must define each of the channels
which will be included in a test run. This information is written to

tape when the run is started.
* CHANNEL NUMBER
This window allows the operator to select a channel number from one to 25.
* TRANSMITTER ID
This is a number from zero to 255 which identifies the transmitting coil
attached to the selected channel number. This number may be matched
against a Tist of transducers present at a given location.

* RECEIVER ID

A number from zero to 255 which identifies the receiving coil attached

to the selected channel number.
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* CONFIGURATION

There are four possible configurations which describe the placement of the

transmitting and receiving coils:

Configuration Coil Placement
Coaxial Face to face
Coplanar Edge to edge

1" extensometer One inch coil transmitting
2" extensometer Two inch coil transmitting

* INITIAL SPACING

This is the "AT REST" spacing between the two coils attached to the
selected channel number. This distance may be specified in tenths or

hundredths of an inch by using a decimal point.
* DEMODULATOR RANGE

The gain for each channel may be set by adjusting two knobs on the
Validyne modulator/demodulator unit. One knob selects the range and the
other selects a percentage of that range. The possible range settings
are: 100, 50, 25, 10, 5, 2.5, 1, .5, .25, and .1 millivolts per volt.

The demodulator range value should correspond to the setting of the middle

know for the selected channel on the Validyne unit.
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* DEMODULATOR GAIN

This field allows the operator to specify a percentage (0.0 - 100.0) of
the desired range. This number corresponds to the setting of the top
knob for the selected channel on the Validyne unit.
Note: The gain knobs for all channels which are not
connected- to a transducer must be set to zero to

avoid interference with the rest of the channels.

* COMMENTS

This window allows the operator to describe the setup for the selected
channel. It may be any combination of letters and numbers up to 18
characters long.

4) Defining the Channel Order - The operator may select up to 25

channels to be scanned during a test run. The channel numbers may come

in any order, and a channel may be repeated if necessary.

* CURRENT CHANNEL ORDER

Each time this display is selected, the current channel order is shown.

If no channels are selected, a window will be opened and the operator

will be requested to fill in the desired channel order.

* CHANGING THE CHANNEL ORDER

If the current channel order is to be changed, the operator presses the



"ESC" button on the keyboard. This causes the window to be blanked so
the operator may enter the new channel order. The channel numbers are
entered one after another, separated by commas. Pressing the "ESC" key
causes the new order to be displayed. If there is an error in the speci-

fication, only those channels up to the error will be saved.

* CHANNEL DATA DISPLAY

Directly below each channel number, the current channel reading (-128 to
127) is continually displayed. This allows the operator to use this
display for monitoring the channel activity during setup and testing.

5) Displaying the Channel Summary - This display shows a summary

of each of the 25 channels. A1l of the information which was specified
by the operator when defining the channels is displayed in a tabular for-
mat. This information is also reproduced each time a channel is plotted.
The first 15 channels are initially displayed. Pressing the "RETURN"
button on the keyboard causes the remainder of the channels to be shown.
The "RETURN" key may be pressed any number of times to view both pages

of channel information. An example of the information format is shown

below.
CHANNEL TX ID RX ID CONFIG SPACING RANGE GAIN COMMENTS
1 10 100 COPL 3.78 .25 75.3 Channel 1 comments
where:
CHANNEL = channel number (1-25)
TX ID = transmitter ID (0-255)
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RX ID = receiver 1D (0-255)
CONFIG = configuration: COAX = coaxial
COPL = coplanar
EXT1 = 1" extensometer
EXTZ2 = 2" extensometer
SPACING = initial spacing (inches)
RANGE = demodulator range (mv/v)
GAIN = demodulator gain (0.0-100.0%)

6) Starting a New Run - Before starting a new run: a) define each

channel to be scanned (see "Defining a Channel", 3) above), and b) define
the ;hanne] scan order (see "Defining the Channel Order", 4) above).

When a new run is started, the system first searches for the end of
tape record. When the tape has been positioned after the last set of
data which was previously recorded, a sequential run number is assigned

and the operator is requested to enter some information about the new plan.
* CHANNEL DEFINITION ERRORS

"NO CHANNELS DEFINED" indicates that the channel order was not specified.

"CHANNEL X NOT DEFINED" means that the named channel number was included

in the scan order but was not defined. In either case, the "MENU" key may

be pressed so the operator may supply the required information.

* AXLE LOAD

This window allows the operator to specify the axle load (pounds) for the
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new run. This information does not affect the operation of the system,
but is recorded on the tape for reference. The axle load is also printed

each time a channel is plotted.
* PAVEMENT LAYER TEMPERATURES

This Tline allows the operator to enter the temperature (degrees Fahren-
heit) for each of four pavement 1éyers. This information does not affect
the operation of the system, but is recorded on the tape so it may be

printed each time a channel is plotted. -
* COMMENTS

This window aTlows the operator to describe the run using any combination
of Tetters, numbers and special symbols. The window is 20 lines by 79
characters. The editing keys are expecially useful when entering these
comments. The comments are recorded on tape and printed each time a

channel is plotted.
* WAITING FOR ZERO READING

At the bottom of the screen, the current channel scan order is shown along
with a continuous display of the channel data values. The "RBAL" control
on the Validyne unit is used to obtain a zero reading for each of the
selected channels. The higher gain settings will make it hard to get a
reading that is exactly zero. Any number near zero will do. When all

channels are balanced, the operator presses the "ESC" button. This causes
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the zero readings to be saved for future reference. These readings are
written to the tape and are reproduced each time a channel is plotted.

In addition, the zero reading is used to adjust the channel data during
the plot operation. The plotted value equals the channel reading minus

the zero reading.
* WAITING FOR POSITIVE CALIBRATION READING

This allows the operator to set up each channel for calibration in the
positive direction. The "ESC" button causes the calibration readings to
be saved. They are recorded on tape and reproduced each time a channel

is plotted, but do not affect the plotted data values.
* WAITING FOR NEGATIVE CALIBRATION READING

This allows the operator to set up each channel for calibration in the
negative direction. The "ESC" button causes the calibration readings to
be saved. They are recorded on tape and reproduced each time a channel

is plotted, but do not affect the plotted data values.
* ADJUST SCAN FREQUENCY

The scan frequency is determined by an external square wave signal from
the adjustable signal generator on the left console. The system counts
the incoming pulses and continually displays the frequency so the operator
may adjust the signal to the desired rate. There is a maximum frequency

which depends on the number of channels selected. This number is dis-
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of the modulus of elasticity computed at each test temperature are given

in Table 4.3 and a modulus of elasticity versus temperature curve is plotted
in Figure 4.15. Using the observed volume change readings, the changes

in volume per unit volume were computed and plotted versus strains for each
test sample. The results of those plots are shown in Figure.4.6.

2. BINDER COURSE - The asphaltic concrete binder course is a leveling

course composed of a compacted mixture of mineral aggregate and asphalt
cement constructed on the existing pavement or on an asphaltic concrete
open-graded base course in accordance with the specifications in Appen-
dix A. The mix is composed of 95.4% mineral aggregate and 4.6% AC-30
asphalt cement and meets the graduation requirements of a Type 2 ACHM
Binder Course Mix (Table 4.2).

The binder course specimen obtained from the field was batched into
3600 gram samples. Each sample was heated to 250°F and then molded in
a four inches diameter by eight inches high mold. The sample was com-
pacted with a Hveem kneading compactor (Figure 4.7) to a compaction
pressure of 2000 psi. The sample was unloaded, inverted and compacted
from the opposite end. The sample was then removed from the mold and
allowed to cool to room temperature (73°F),

A1l test samples were capped (Figure 4.8) and then allowed to cure
for seven days prior to testing. The same testing procedure was used
to test the binder samples as was used to test the open-graded samples
(Figures 4.9 and 4.10). Tests on the binder samples were performed at
five different temperatures. Three samples were tested at each of the
following temperatures: 127OF, 73°F, and 35°F. Two samples were tested
at each of the following temperatures: 73OF and 50°F. Stress-strain

curves for each test sample at the five test temperatures for the



Figure 4.7  Binder scmple being compacted in Hyveem kneading
compac/tor.

Figure 4.8 &inder sample being capped prior to testing.
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asphaltic concrete binder course are shown in Figure 4.11. Averages of
the modulus of elasticity computed at each test temperature are given in
Table 4.3 and a modulus of elasticity versus temperature curve is plotted
in Figure 4.15. Plots of changes in volume per unit volume versus strains

are shown in Figure 4.12.

3. SURFACE COURSE - The asphaltic coﬁcrete surface course is a wearing
course composed of a compacted mixture of miﬁera1 aggregate and asphalt
cement constructed on the existing pavement or on an asphaltic concrete
binder course in accordance with the specifications in Appendix A. The
mix is composed of 94.4% mineral aggregates and 5.6% AC-20 asphalt cement
and meets the gradation requirements of a Type 2 ACHM Surface Course Mix
(Table 4.2).

The surface course specimen obtained from the field was batched
into 4000 gram samples. The same procedures were used for molding and
testing the surface course samples as were used for molding and testing
the binder course samples. Three samples were tested at each of the
following temperatures: 120°F, 105°F, 73°F and 500F. Two samples were
tested at 359F. Stress-stréin curves for each test sample at the five
test temperatures for the asphaltic concrete surface course are shown
in Figure 4.13. Averages of the modulus of elasticity computed at each
test temperature are given in Table 4.3 and a modulus of elasticity
versus temperature is plotted in Figure 4.15. Plots of changes in vol-

ume per unit volume versus strains are shown in Figure 4.14.
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TABLE 4.3

ASPHALTIC CONCRETE PROPERTIES

Modulus of Elasticity (psi)

Temperature Surface Binder Open-graded
(oF) (y=152 pcf)  (y=148 pcf) (y= 110 pcf)
35 70,000 40,000 10,000
50 42,500 27,000
73 12,000 10,000 2,000
105 5,800 5,000
110 500
120 35,900

127 ) 2,600



CHAPTER V
DATA ACQUISITION AND RESULTS

A. PROCEDURE - STATIC DATA ACQUISITION

Static measurements were begun as soon as each test section was
completed. Initial measurements were observed and recorded. These
measurements served two purposes: one, to check out the system, and
two, to establish a data base from which magnitudes of movements could
be determined.

The objectives of the static measurements were to measure the
cumulative deformations due to traffic loads and the cyclic movements
due to both daily and seasonal temperature variations of the asphaltic
concrete over]ayrsystem in the vicinity of a joint in the overlaid
pavemént. Static readings were made approximately every two weeks for
several months after construction was completed and then approximately
once a month during the winter months. When weather permitted, readings
were made twice a day, once in the early morning and once in the after-
noon, for periods of two and three consecutive days so that daily move-
ments as well as long term movements could be observed.

Static readings were accomplished by systematically connecting
related coaxial, coplanar, or extensometer sensor pairs to a Bison
strain gage meter and obtaining an amplitude dial reading by balancing
the phase and amplitude on the meter for each sensor pair. Each ampli-
tude dial reading was recorded and later reduced to a spacing between
the corresponding sensor pair by extrapolation from previously compiled

calibration data tables associating amplitude dial readings with sensor



spacings. Three sets of calibration data tables were required; one
for coaxial sensor pairs, one for coplanar sensor pairs, and one for
extensometer sensor pairs.

Movements were determined by computing the differences between
successive spacings and the initial spacings. A negative difference
between a coplanar sensor pair indicates that the joint in the PCC
pavement closed relative to the initial spacing or that compression
occurred in the asphalt overlay across the joint. A negative difference
between a coaxial sensor pair indicates compression of the asphaltic
concrete layer, or for the extensometer, settlement of the PCC pavement
relative to the initial spacing. Similarly, a positive difference
between a coplanar sensor pair indicates that the joint in the PCC
pavement opened relative to the initial spacing or that expansion
occurred in.the asphalt overlay acrosss the joint. A positive difference
between a coaxial sensor pair indicates expansion of the asphaltic
concrete layer, or for the extensometer, uplift of the PCC pavement
relative to the initial spacing. The strain was computed for each sensor
pair by dividing the movement by the initial spacing for each corres-
ponding sensor pair.

Each time a set of static readings was made at one of the test
sections, the temperature at each interface of the asphaltic concrete
overlay was observed and recorded.

Various movement versus time plots and strain versus time plots
have been drawn to graphically present the accumulative deformations
and cyclic movements observed from the static measurements. This data

is presented and discussed in the following sections.
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B. VERTICAL MOVEMENTS - TOP OF PCC PAVEMENT

1. OME LAYER SYSTEM - The one layer test site is located in the east end

transition zone of the.east bound lane approximately two hundred feet
beyond the I-30 Congo exit ramp, which is located on the east side of the
town of Benton. Approximately two inches of surface course overlays the
PCC pavement at this test site. Static data acquisition was begun on
April 15, 1977 and has been periodically maintained until the present
time. Figure 5.1 shows a vertical movement of the PCC pavement versus
time plot for each of the extensometer locations along the overlaid joint.

From Figure 5.1 it is seen that the majority of the vertical move-
ment of the PCC pavement occurred within two to three months after the
section was opened to traffic. Additional settlement occurred between
October and December when the average temperature of the pavement dropped
about forty degrees. It appears that since mid-December the vertical
settlement has virtually ceased. At all locations-along the joint the
settlement is greater for the west side slab (the "up-stream" traffic
side) than it is for the east side slab (the "down-stream" traffic side).
On the west side of the joint,.magnitudes of total settlements are appro-
ximately 0.16 inch at six inches from the edge of the pavement and ap-
proximately 0.22 inch at 3'—6" inch and 8'-6" from the edge of the pave-
ment. However, the differential settlements with the adjacent east side
slab are considerably smaller. The magnitudes of the total differential
settlements are approximately 0.07 inch at six inches from the edge and
approximately 0.13 inch at 3'-6" and 8-'6" from the edge of the pavement.

Measurements recorded for the west side slab at 11'-9" from the edge
of the pavement indicate considerable settlement of approximately 0.34

inch from mid-June to late August. The total settlement recorded at this

114
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location is approximately 0.45 inch. However, the adjacent east side slab
across the contraction joint and the adjacent west side slab across the
centerline joint show virtually no settlement. Since no visible surface
distress has been observed at this location it is doubtful that this
magnitude of settlement has occurred at this location. Although the
exact cause of this sudden vertical movement is not known, the following
two possibilities exist: (1) The friction course was placed and rolled
during the latter part of June. The corner of the PCC pavement'slab may
have broken off and reseated during the laydown and rolling of the fric-
tion course. (2) bifficu]ties were encountered during the installation
of the extensometer at this location. The stabilizing rod of the exten-
someter assembly could not be driven to its full depth. Therefore the
top of the rod had to be cut with a torch. The one inch sensor and the
aluminum cap, which were normally screwed to the top of the rod, were in
this case glued. It is possible that the sensor and the aluminum cap
became unglued and‘popped off the rod. Both possibilities would result

in a closer sensor spacing as indicated by the movements.

2. TWO LAYER SYSTEM - The two layer test site is located in the west

end transition zone of the west bound lane which is located on the west
side of the town of Benton. Approximately two and one-half inches of
binder and one and one-half inches of surface course overlays the PCC
pavement at this test site. Static data acquisition was begun on
October 5, 1977 and has been periodically maintained since then. The
top half of Figure 5.2 shows a vertical movement of the PCC pavement
versus time plot for each of the extensometer locations along the over-

laid joint.
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Figure 5.2 shows a gradual increase in differential vertical move-
ments between adjacent slabs from the edge of the pavement to the center-
line joint. The total differential settlements are aphroximateTy 0.01
inch at six inches from the edge, 0.02 inch at 3'-6" from the edge, 0.04
inch at 8'-6" from the edge and 0.08 inch at 11'-9" from the edge of the

PCC pavement.

3. THREE LAYER SYSTEM - The three layer test site is located in the west

bound land at approximately one thousand feet east of the two layer test
site. Static data acquisition was begun on October 4, 1977 and has been
periodically maintained since then. The bottom half of Figure 5.2 shows a
vertical movement of the PCC pavement versus time plot for each of the
extensometer locations along the joint.

Total settlement of only 0.02 inch and no differential settlement
have been recorded at six inches and at 3'-6" from the edge of the pave-
ment. There has been no settlement of the west side slab at 8'-6" and
only 0.05 inch settlement of the east side slab at 11'-9" from the edge
of the pavement. Differential sett]emehts at these two locations are

unobtainable because of inoperative sensors across the joint.

4. COMPARISON OF VERTICAL MOVEMENTS - The differential settlement be-

tween adjacent slabs at the two layer test site has a similar pattern as
that of the one layer test site, i.e., the differential vertical movement
between adjacent slabs increases from the edge to the centerline of the
pavement and the west side slab settled more than the east side slab.
However, the magnitudes of differential settlements at the two layer

test site are much smaller than those at the one layer test site and,

although the settlement of the west side slab is greater than the east
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side slab at both test sites, traffic flows in opposite directions.
Little or no settlement of the slabs occurred at the three layer test
site.

Prior to overlay construction, pressure grouting under the existing
pavement was pei'formed along the Tength of the pavement that was to have
the full depth three layer overiay. The transition zones, however, were
not pressure grouted. Although the thickness of the three layer overlay
would reduce the intensity of stresses at the top of the overlaid pave-
ment due to a load at the surface of the overlay, it is more probable
that the small settlements of the PCC pavement at the three layer test
site are the positive results of pressure grouting.

Prior to the pressure grouting operation it was obsefved that at
préctica]]y all of the contraction joints in the west bound lane from
the two layer test site to several thousand feet beyond the three layer
test site, the west side slabs had characteristically settled from one-
eighth to one-fourth of an inch more than the east side slabs. From
the measured vertical movements at the two layer test site after overlay
construction, it is evident that this trend has continued, whereas at
the three layer test site this trend has apparantly been arrested. This,
again, is probably due to the increase in stability of the overlaid
pavement at the three layer test site by pressure grouting.

Tests performed on the subgrade material at the three layer test
site confirmed the subgrade material classification indicated on the
Arkansas Highway Department construction plans. The construction plans
also indicate the same subgrade material classification at the one and
two layer test sites, therefore, it has been assumed that the subgrade

material at all three test sites are the same. This assumption seems to
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be reasonable for the two and three layer sites because of their close
proximity and because of the comparison of their vertical movements.
However, the one layer test site is approximately two miles from the
other two test sites and is located in the opposite direction traffic
lane. Therefore, the comparatively large vertical movements between the
one layer test site and the two and three layer test sites may be indica-
tive of a different subgrade material. It may be desirable, then, to
perform an analysis of the one layer test site subgrade material.

Traffic was detoured off of the Interstate for several months during
overlay construction. The recorded movements, in particular at the one
layer test site, indicate that a large majority of the settlement of the
PCC pavement occurred during the first three months after the Interstate
Qas reopened to traffic. It is believed that this settlement is primarily
induced by traffic loads. The effects of moisture and moisture changes,

however, should be investigated.

C. VERTICAL MOVEMENTS - TOP OF OPEN GRADE

1. THREE LAYER SYSTEM - Fiqure 5.3 is a vertical movement versus time

plot for the open-graded course. Movements on each side of the joint are
plotted for each sensor location along the joint.

Only one sensor each and on opposite sides of the joint are operative
at locations six inches and 2'-6" from the edge of the pavement. Vertical
movements at these two locations are small ranging from a +0.02 to -0.02
inch. At location 3'-6" the vertical movements ranges from +0.05 to
-0.08 inch on the west side of the joint with approximately 0.04 inch
differential vertical movement with the east side of the joint. At loca-

tion 6'-0" an upward total movement of +0.10 inch occurred on the west
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side of the joint with only about 0.02 inch differential movement with
the east side of the joint. At location 8'-6" the east side of the joint
has moved upward about 0.12 inch with about 0.05 differential movement
with the west side of the joint. The total vertical movement at loca-
tion 11'-9" 1is about 0.04 inch.

From Figure 5.3 it can be seen that most of the vertical movements
are occurring between location 3'-6" and 8'-6" which are the approximate
Tocations of the vehicular wheel paths, and only very small movements
occurring away from the vehicluar wheel paths. It seems apparent that the
vertical movements in the open-graded course are at least partly related
to vehicular induced loads. First consider the time interval from mid-
December through mid-June. Vertical movements and differential vertical
movements appear to have been reasonably stable with the exception of
locations 6'-0" and 8'-6". From March to June at location 8'-6", which
is the approximate location of the interior vehicular wheel path, the
top of the open-graded course displaced downward approximately 0.06 inch
while at location 6'-0", which is between the wheel paths at the center
line of the outside lane, it displaced upward by approximately the same
amount. This is probably due to open-graded material being shoved side-
ways under the application of repeated wheel Toads and may be the first
indication of rutting.

The stiffness of the asphalt reduces as the temperature increases.
Therefore, some densification of the asphalt may be expected particular-
1y in the wheel paths as is indicated from June through August at loca-
tion 3'-6". Another point of interest is the upward movement or swelling
which typically occurred at all locations along the joint from mid-

November to mid-December as the average temperature of the pavement
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dropped. Again, the movements are comparatively larger in‘fhe vicinity
of the wheel path. One possibility which may create this type of move-
ment would be the freezing of water trapped in the voids of the open-
graded course. However, the aggregate gradation of the open-graded
course creates a highly porous layer from which water should easily
drain. The ovér]aid pcC pavemeht was initially constructed with a drain-
age slope toward the outside edge of the pavement. Side drains were
installed all along the outside edge of the pavement prior to overlay.
These facts make it improbable that water would be retained in the open-
graded course. Another observation is that if the upward movement was
due to the freezing of water, then similar magnitudes of upward move-
ments may have been expected at all locations along.the joint. Also, the
larger movements in the vicinity of the wheel paths leads to the belief
that the movements are related to the application of repeated wheel loads.
buring the compression;testing of the open-graded mix, it was
observed that the test samples increased in volume when loaded in compres-
sion. It may be possible that, if the open-graded course was subjected
to horizontal compressive stresses induced by the horizontal movement of
the underlying pavement slabs, swelling of the open-graded course could
occur. In that time period, from mid-November to mid-December, the con-
crete slabs contracted due to the decrease in temperature which caused
the joint to open. (Horizontal movements will be discussed later in the
chapter.) Because the open-graded course is bonded across the joints, it
is more probable that tension stresses rather than compression stresses
were induced near the joint. If, however, compressive stresses were
induced and they produced the upward movement, again, similar magnitudes

of these movements may have been expected at all locations along the
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joint.

It seems more logical that the upward movement was caused by shoving
of the material away from the wheel paths. The locations 3'-6" and
8'-6" from the edge of the pavements are approximate locations of the
exterior and interior wheel paths. First, consider that the actual
exterior wheel path is between locations 2'-6" and 3'-6". Locations
3'-6" and 6'-0" now fall between the wheel paths. As the wheel load
depresses the material in the wheel path, the material is also shoved
toward the opposite wheel path thereby creating an upheaval as indicated
at 3'-6" and 6'-0". Similar upheavals should be occurring at locations
2'-6" and 8'-6" which are now just outside of their respective wheel
paths. However, the upward movement at 8'-6" is much greater than that
at 2'-6".

Now consider that the actual exterior wheel path is one foot away
from location 3'-6", whereby now locations 6'-0" and 8'-6" fall between
the wheel paths. Similar to the above, as the wheel load depresses the
material in the wheel path, the material is also shoved toward the
opposite wheel path, thereby creating an upheaval as indicated at 6'-Q"
and 8'-6". Location 3'-6", which is now just outside of the exterior
wheel path, experiences a similar upheaval Locations 2'-6" and 11'9"
are now approximately the same distance from their respective wheel
paths and indicate very similar movements. This is believed to be the
most logical explanation for the upward movements of the open-graded

course.

D. VERTICAL MOVEMENT - TOP OF BINDER

1. TWO LAYER SYSTEM - Figure 5.4 is a vertical movement versus time
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plot for the binder course at each sensor Tocation along the joint. The
pattern of displacement is very similar at all locations with the excep-
tion of the east bound lane at location 4'-6". From late March to August
the data points are scattered which leads to the belief that the sensor
pair on the east side of the joint is not functioning properly. Al1l
other locations show small magnitudes qf movement ranging from -0.02 to
0.01 inch from October through June. Differential movements across the
joint are only about 0.01 inch. As the warming trend continues from June
through August, the overlay loses stiffness and increases compaction.

The top of the binder has settled from 0.01 to 0.08 inch with a maximum

differential settlement of only 0.02 inch.

2. THREE LAYER SYSTEM - Figure 5.5 is a vertical movemement versus time

plot for the binder course at each sensor location along the joint. From
October ‘through March a very similar pattern of vertical movements has
developed at all locations in the binder layer as has developed in the
underlying open-gfaded layer (Figure 5.3). Total vertical movements at
all locations except at 11'-9" range from -0.02 to +0.07 inch with maxi-
mum di fferential movements of only 0.02 inch during this time period. A
similar upward movement or swelling is indicated between mid-November

and mid-December and then relative stability through March with no
appreciable changes in differential movements. It is believed that the
upward movement is the result of the material being shoved away from the
wheel paths in a similar manner as was discussed for the open-graded
layer. The slow settlement trend from April through mid-June at locations
2'-6", 3'-6" and 4'-6" could be due to the binder material being slowly
compacted into the surface voids of the open-graded course as the tempera-

ture increases and the stiffness of both layers decreases. The continu-
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ing warm temperatures through July promote further densification of the
binder course.

The total movement of 0.15 inch and differential movement of 0.20
inch as is indicated for June at location 8'-6" do not seem realistic in
comparison to the movements at the other locations. This is also about
three times the total movement and two times the differéntia] movement
indicated at the same location in the underlying open-graded course. It
is doubtful that this magnitude of movement has occurred on the west side
of the joint. The sensors may be malfunctioning or the top sensor may
have been driven into the binder course.

Discrepancies are also apparent between the magnitudes of movement
at location 11'-9" and those at the other locations. The order of magni-
tude is approximately three times greater at location 11'-9". Here, too,
it is doubtful that this magnitude of upward movement occurred especially
when comparison is made to the much sma]]er upward movements at the same
Tocation in the underlying open-graded layer (Figure 5.3). Because of the
smaller aggregates and the greater density of the binder course, it would
be expected that smaller movements would occur in the binder layer rather
than the open-graded layer. This can be seen by comparing the movements
of the binder layer to that of the open-gﬁaded layer at each of the other
Tocations. The reason for the apparently large indication of upward
movement at location 11'-9" is not known, however, one possibility will
be discussed.

During overlay construction of the open-graded course the sensors
at location 11'-9" were damaged and had to be replaced. A small area
of the open-graded material had to be removed in order to replace the

sensors. The open-graded material was replaced by hand and tamped
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in place. This small area was not rolled until after the binder course
had been placed. The sensors set on top of the open-graded layer may
not have been stable and may have been subjected to rocking under small
movements. This rocking may be the reason for the large variation in
movements on consecutive days as indicated by the October and November
readings. When the sensors did stabilize their orientations may have
been in misalignment with their respective sensor pair. Large misalign-
ments through rotation or Tateral translation or a combination of both
would result in observed movements being larger than the actual move-

ments.

E. HORIZONTAL STRAINS - TOP OF PCC PAVEMENT

In Figures 5.6, 5.7, and 5.8, various horizontal strain versus time
plots are presented. Horizontal strains were plotted rather than hori-
zontal movements because of the different gage lengths between the various
coplanar sensor pairs. The differences in gage lengths were due to the
difficulty in placing the coring rig exactly over the locations marked
for the extensometers. The two inches in diameter sensor which is part
of the top half assembly of the extensometer is also one of the coplanar
sensor pair across the joint on top of the PCC pavement. Consequently,
the distances between coplanar pairs vary from about four and one-half
inches to six and one-half inches. Therefore, the strains provide a
better representative value for comparison.

Figure 5.6 shows horizontal strain versus time plots for the one,
two, and three layer test sites at each location along the joint on top
of the PCC pavement. Since the joints at each of the three locations

were initially approximately one inch wide, the strains can be inter-
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preted as opening and closing movements of the joint in the PCC pavement.
Positive and negative strains, respectively, indicate opening and closing

of the joint relative to the data base.

1. ONE LAYER SYSTEM - From April through mid-Jdune, 1977, the movements

at locations 0'-6", 2'-6", and 3'-6” indicate that the joint was closing.
This would be expected for that time period because the increase in the
average temperature of the pavement would cause expansion of the slabs on
each side of the joint and thereby cause closing of the joint. However,
the magnitude of closing is largest at location 0'-6" and becomes pro-
gressively smaller as the distance from the edge increases until beyond
location 3'-6", where there was virtually no movement. At location
0'-6", the magnitude of movement was approximately -0.10 inch, at location
2'-6" approximately -0.05 inch, and at location 3'-6" approximately -0.02
inch. The magnitudes of movements at all the other locations were less |
than 0.01 inch. As the warming trend continued through August of 1977,
the movements indicate that the joint began reopening at locations 0'-6"
and 2'-6", contrary to what would be expected. Other than the joint
closing 0.01 inch at Tocation 4'-6", no movements occurred at the other
locations. From September of 1977 through June of 1978 all of the loca-
tions indicate very little movement with the maximum being about 0.02
inch. From June through August of 1978, the joint at locations 0'-6"

and 2'-6" were closed back to their approximate magnitudes of the June
1977 closings. They now show magnitudes of -0.11 inch at location 0'-6"
and -0.06 inch at location 2'-6". The magnitude of movement still de-
creases away from the edge. At location 3'-6" the movement is approxi-

mately -0.05 inch, at location 4'-6" approximately -0.02 inch, at loca-

131
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tion 6'-0" none, and at 11'-9" approximately +0.01 inch.

2. TWO LAYER SYSTEM - The reaction of closing and opening of the joint

due to seasonal changes in temperature was consistent in pattern and
magnitude at all* Tocations along the joint. ‘As the temperature decreased
from November through December the joint opened due to the contraction

of the pavement slabs. The magnitudes of opening at all locations were
between 0.02 and 0.04 inch. Then as the temperature began increasing

in March, the joint slowly closed to its approximate original spacing.

3. THREE LAYER SYSTEM - The pattern of the joint movements was similar

at all Tocations along the joint. From November through December the
joint expanded from 0.03 to 0.05 inch at all locations due to the con-
traction of the pavement slabs as the temperature decreased. But during
the warming trend from March through July, the pavement apparently did
not expand and the joint has remained opened. Since the three layer test
site is overlaid with the open-graded course, it is believed that due to
rolling of each overlay course and due to repeated traffic loads, some

of the Targe aggregates have been forced into the joint, and thereby

prevented the slabs from expanding and closing the joint.

4. COMPARISON OF HORIZONTAL STRAINS - The horizontal strains, or move-

ments in this case, across the joint on top of the PCC pavement were
consistently greatest for the three layer system and consistently smal-
lest for the one layer system. Perhaps the greater thicknesses of over-
lay allow the overlaid pavement to retain maximum high or cold tempera-
tures for longer periods of time, which, in turn, would allow more time

for the slab to expand or contract at that temperature.



143

F. HORIZONTAL STRAINS - TOP OF OPEN-GRADE

1. THREE LAYER SYSTEM - In Figure 5.7 it can be seen that expansion

strains developed over the joint at the top of the open-graded Tayer as
the temperature decreased from November through December. Magnitudes
of strains varied along the joint from 0.02 to 0.05 inch per inch.
These expansion strains were probably induced by the contraction of the
underlying pavement. Although some reversal in strain occurred as the
temperature increased in March, by July most of the locations along the
Jjoint had retained expansion strains. This would be expected since it
was observed in Figure 5.6 that the joint in the underlying pavement

remained opened.

G. HORIZONTAL STRAINS - TOP OF BINDER

1. TWO LAYER SYSTEM - Figure 5.8 shows a similar pattern of strains

on top of the binder layer as was observed in Figure 5.6 for the top of
the PCC pavement. As the temperature decreased from November to Decem-
ber, expansion strains developed at all locations along the joint. The
magnitudes of expansion strains were approximately +0.02 inch per inch
at all locations. As the temperature increased in March, reversals in
strains of magnitudes slightly less than -0.02 inch per inch occurred.
But then, from April through July all locations along the joint, except
at 4'-6" show the development of gradual expansion strains while the
temperature continues its warming trend. It appears evident that other
factors, not known at this time, other fhan temperature changes are

creating movements in the overlay structure.

’

2. THREE LAYER SYSTEM - The discontinued curves for the three layer

system in Figure 5.8 are the result of the sensors at those locations
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becoming inoperative. The basic pattern of strains which developed
across the joint on top of the pavement and on top of the open-graded
layer are again present on top of the bfnder. Expansion strains occurred
as the temperature decreased from November through December. As the
temperature increased from March through July, only at location 0'-6"
from the edge is there indication of a reversal in the strains. All
other Tocations indicate a retention of the expansion strains. Similar
to the top of the open-graded layer, since the overlaid joint in the
pavement remained opened when temperatures increased, then it would be

expected that the top of the binder layer would retain expansion strains.

3. COMPARISON OF HORIZONTAL STRAINS - The horizontal strains across

the joint on top of the binder layer weée larger for the three layer
system than they were for the two layer system. The same obseryation
was made across the joint on top of the PCC pavement. It is evident
from the data that the movements on top of the binder course of the.
two Tayer system and that the movements on top of the binder and open-
graded courses of the three layer system are related to the movements

of the overlaid joints in the PCC pavement.
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H.  PROCEDURE - DYNAMIC DATA ACQUISITION

Dynamic data were taken using the PDAS to record pavement deformations
as vehicles with various axle loadings passed over the instrumented sections.
Several passes at different speeds were made by each vehicle. It was
necessary to block off the outside lane of Interstate 30 during the data
acquisition.

T.  VEHICLES AND AXLE LOADS - Several different vehicle configurations

and weights were selected in cooperation with the Design Division of the

Arkansas State Highway and Transportation Department. These are as follows:

1.  Trucks with two single axles, with axle loads as follows:
Steering Axle Drive Axle
a. 8 kips 14 kips
b. 12 * 18 "
c. 12 " 20 "

2. Trucks with a single steering axle and a tandem drive axle,
with axle loads as follows:

Steering Axle Drive Axle
a. 12 kips 28 kips
b. 12 " 32
C. 12" * 34 "
3. Tractor-trailor with single axles, with axle loads as follows:
Steering Axle Drive Axle Rear Axle
a. 8 kips 16 kips 16 kips
b. 12 " 18 " 18 "
c. 12 " 20 20 "

4. Tractor-trailor with tandem drive and rear axles, with axle
loads as follows:

Steering Axle Drive Axle Rear Axle
a. 12 kips 28 kips 28 Kkips
b. g " 32 " 32 "
c. 12 " 34 " 34 "

5. A small truck with a gross weight of about 10 kips.

6. A full-size automobile with a gross weight of about 5 kips.



138

2.  VEHICLE SPEEDS - It was planned that each vehicle configuration and

weight would pass over the test section at 70 mph, 55 mph, 30 mph, and 5
mph. Due to the location of entrance ramps and the undesirability of

blocking entrance ramps and the presence of uphill grades near some test
sections, it was not possible to achieve the higher speeds with the more

heavily loaded trucks.

3.  FOIL SHIELDING - Preliminary tests on the instrumented sections showed

a significant amount of interference with signals from the induction coils
due to the ignition systems ofagaso1ine engines. Diesel engines did not
produce measurable interference. Experimentation showed that aluminum
foil was effective in preventing ignition interference and a three-foot
wide strip was placed across the traffic lane above the sensors prior to

“each series of tests.

4.  TAPE SWITCHES - The starting and stopping of the data acquisition was

controlled by tapeswitches placed across the roadway. Preliminary tests
indicated the optimum location of the start tapeswitch was 20 feet from
the instrumented section and a spacing of 100 feet between tapeswitches
was adequate to gather the required data. The spacing was input through
the keyboard of the PDAS and was used along with the elapsed time between

start and stop to compute actual vehicle speed.

5.  TEMPERATURE - Temperature readings were taken periodically with a
battery-operated analog meter and entered through the keyboard of the
PDAS. This data was displayed and recorded for information only and

did not enter into the computations of deformations.



6. INITIAL SPACING - Each time the PDAS was set up to acquire dynamic

data, the initial spacings, both coaxial and coplanar, were determined for
all adjacent pairs of induction coils. The initial spacing data was
obtained with the Bison single channel battery-operated meter. This

data was entered through the keyboard of the PDAS and was used along with
stored calibration data to determine the dynamic deformations. The
calibration data was a table of change in spacing per unit change in voltage

as a function of distance between coils.

7. SENSOR CONNECTIONS - The leads from the sensors were connected by

coaxial cable to a terminal block on the outside of the van housing the
PDAS. Al1 of the coil pairs could not be energized simultaneously because
of interference between adjacent pairs. It was therefore necessary for the
vehicles to make multiple passes at the same speed and weight with different
pairs of coils energized on each pass in order to gather all of the desired

data.

I.  DATA REDUCTION

A complete guide to data reduction using PDRS (Pavement Data Reduction
System) has been furnished to the Research Section, Arkansas State Highway
and Transportation Department. This 18] page guide documents the programs
and JCL statements required to take the field data tapes and process them
to obtain printed and plotted output. No further diécussion of this topic

is required here.
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J.  RESULTS OF DYNAMIC DATA ACQUISITION

During the period of July 9, 1983, through July 24, 1980, 307 passes
of vehicles across the instrumented sections were recorded. On each pass,
data was recorded from approximately sixteen pairs of induction coils at
the rate of 2,000 data points per second. During subsequent test periods,
less data was obtained because fewer different axle loads were used and
because some sensors had ceased to function. Between January 27, 1981,
and January 29, 1981, 135 passes were recorded and 58 passes were recorded
on August 17 and 18, 1981. Because of the large amount of data, only
typical results will be presented. The data tapes are available for
use upon request by the Arkansas State Highway and Transportation Department.
Figures 5.1 through 5.35 show the results of the‘dynamic data acquisition

without any smoothing or enhancement of the data.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

As a result of this research effort, the following conclusions
and recommendations are stated:

1. A system capable of measuring the dynamic behavior of pavement
systems has been developed. The components of this system are:

a. Sensors and installation procedures
b. Data acquisition system
c. Data reduction procedures.

2. The horizontal movements under dynamic loading were very small
and probably of no significance.

3. The sampling frequency could be reduced without losing significant
data.

4. Signal processing or enhancement would improve the usability
of the data.

5. Although protection against voltage surges or drops is incorporated
in the PDAS, additional protection should be provided.

6. The portable generator used was subject to voltage and frequency
fluctuations which caused problems in data acquisition, especially with
the magnetic tape drive.

7. The temperature sensors should have a range at least equal to
the Taydown temperature of the asphalt pavement. Adequate protection
of the Teadwires is essential.

8. The temperature data should be taken by the PDAS, with the
instantaneous temperature profile recorded for each vehicle pass.

9. Waterproof connectors should be used to protect the leadwires
and connections from moisture damage and corrosion. BNC connectors
are acceptable for connection to the terminal block on the PDAS but
are not acceptable for the leads from the sensors.
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APPENDIX -

Tabulated Data of Vertical and Horizontal
Spacings, Movements and Strains in the
Vicinity of an Overlaid Joint in a PCC

Pavement for a One, Two and Three
Layered Overlay Systems
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ONE LAYERED SYSTEM

Vertical Spacings, Movements and Strains



1977

1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE  HIGHWAY 1-30 BENTON, ARKANSAS
LAYERED SYSTEM-TOP OF
FROM EDGE OF PAVEMENT

QME
O ' _6||

—

DATE

lremp

WEST SIDE OF JOINT

CONCRETE

EAST SIDE_OF JOINT

{

spacing | movement | strain spacing | movement| strain
4/15 | 82| 0.9874 1.3124
5/30 | 120] 0.9039 -0.0835 | -0.0846
5/31 | 84| 0.9065 -0,0809 | -0.0819 1.2577 -0.0547 -0.0417
5/31 |122| 0.8987 -0.0887 | -0.0898
6/15 | 78| 0.8927 -0.0947 | -0.0959
6/20 | 126| 0.8876 -0.0998 | -0.1017
6/21 | 88| 0.8909 -0.0965 | -0.0977 !
6/21 |120] 0.887] -0.1003 | _-0.1016
6/22 | 89| 0.8916 -0.0958 | -0.0970 |
6/22 {120 0.8873 -0,1001 ] -0.1014
6/23 | 89| 0.8911 -0.0963 | -0.0975
6/23 |124| 0.8876 -0.0998 | -0.1011
7/20 | 86| (.8958 -0.0916 | -0.0928
7/20 ] 100] 0.8878 -0.0996 | -0.1009 |
7/21 | 82| 0.8927 -0.0947 | -0.0959
7/21 1118| 0.8873 -0.1001 | -0.1014
7/22 | 86| 0.8921 -0.0953 | -0.0965
18/25 | 94| 0.892] -0.0953 | -0.0965 |
8/25 |128| (0.8842 -0.1032 | -0.1045
8/26 | 96| 0.8891 -0.0983 | -0.0996
8/26 |126| 0.8839 -0.1035| -0.1048
9/1 | 96| 0.8909 -0.0965 | -0.0977 |
9/20 |115| 0.8820 -0.1054 | -0.1067 | L
10/5 | 89| 0.8873 -0.1001°| -0.1014 || 1.2008 -0.1116 | -0.0850
10/13| 73] 0.8919 -0.0955| -0.0967 i 1.2173 -0.0951 -0.0725
11/8 | 94 0.8381 -0.1493 1 -0.1512
11/9 | 761 0.8392 -0.1482 | -0.1501 1.1861_|_-0,1263 -0.0962
11/10! 64| 0.8451 -0.1423 1 -0.144] 1.2173 -0.0951 -0.0725
12/12] 461 0.8305 -0.1569 | -0.1589 | 1.1894 -0.1230 -0.0937
12/14] 56| 0.8335 -0.1539 | -0.1559 Il 1.2595 -0.0529 -0.0403
12/15] 36| 0.8395 -0.1479 | -0.1498 1.2193 -0.0931 -0.0709
2/2 36| 0.8305 -0.1569 | -0.1589 1.2485 -0.0639 | -0.0487
3/3 45/ _0.8296 | -0.1578 | -0.1598 1.2407 -0.0717 -0.0055
3/22 | 85| 0.8249 | -0.1625| -0.1646 | 1.2328 -0.0796 | -0.0607

182



1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY [/-30 BENTON, ARKANSAS
LAYERED SYSTEM-TOP OF

ONE

CONCRETE

0'-6"FROM EDGE OF PAVEMENT

WEST S/DE _OF JOINT

EAST S/DE OF JOINT

DATE |temp ) : - X
spacing | movemen/t strain spacing | movement| strain

3743 76| 0.8277 -0.1597 -0.1617 1.3318 +0.0194 +0.0148

5/10 74| 0.8258 -0.1616 -0.1636 1.2251 -0.0873 -0.0665

6/6 89| 0.8221 -0.1653 -0.1674 1.1765 -0.1359 -0.1035

6/22 | 116] 0.8203 -0.1671 -0.1692

6/23 1110] 0.8203 -0.1671 -0.1692

6/27 |128| 0.8203 -0.1671 -0.1692

7/20 1118] 0.8132 -0.1742 -0.1764

7/26 110} 0.8132 -0.1742 "70.1764
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1977

1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS

ONE LAYERED SYSTEM-TOP OF

CONCRETE

3'-6"FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/IDE OF JOINT
OATE |temp ) ) } :
spacing | movement strarn spacing | movement| strain
4/15 82 1.0574 0.8729
5/30 120 0.9286 -0.1288 | -0.1218 0.8118 -0.0611 -0.0700
5/31 84| 0.9127 -0.1447 -0.1368 0.8003 -0.0726 -0.0832
5/31 | 122 0.9248 -0.1326 -0.1254 0.8093 -0.0636 -0.0729
6/15 78 0.9017 -0.1557 -0.1472 0.7944 -0.0785 -0.0899
6/20 | 126 0.9090 -0.1484 | -0.1403 0.8012 -0.0717 -0.0821
6/21 88 0.8976 -0.1598 -0.1511 0.7944 -0.0785 -0.0899
6/21 1120 0.9096 -0.1478 | -0.1398 0.8003 -0.0726 -0.0832
6/22 89 0.8976 -0.1598 -0.1511 0.7936 -0.0793 -0.0908
6/22 1120 0.9073 -0.1501 -0,1420 0.7995 -0,0734 -0.0847
6/23 89 0.8974 -0.1600 | -0.1513 0.7936 -0.0793 -0.0908
6/23 | 124 0.9113 -0.1461 -0.1382 0.8012 -0.0717 -0.082]1
7/20 86 0.8911 -0.1663 -0.1573 0.7919 -0.0810 -0.0928
7/20 1100 0.8911 -0.1663 -0.1573 | 0.7928 -0.0801 -0.0918
7/21 82 0.8886 -0.1688 | -0.1569 f 0.7894 -0.0835 -0.0957
7/21 1118 0.8998 -0.1576 -0.1490 j 0.7969 -0.0760 -0.087]
7/22 | 86 0.8889 -0.1691 -0.1599 || 0.7919 -0.0810 -0.0928
8/25 94 0.8601 -0.1973 -0.1866 ! 0.7894 -0,0835 -0.,0957
8/25 |128] 0.8724 -0.1850 | -0.1750 || 0.7969 -0.0760 -0.0871
8/26 96 0.8597 -0.1977 -0.1870 || 0.7870 -0.0859 -0.0984
8/26 1126 0.8695 -0.1879 -0.1777 | 0.7953 -0.0776 -0,0889
9/1 96| 0.8570 -0.2004 | -0.1895 0.7878 -0.0851 I -0.0975
19/20 115 0.7911 | -0.0818 | -0.0937
10/5 89 0.7845 -0.0884 -0.1013
10/13] 73] 0.8570 -0.2004 -0.1895 0.7853 -0.0876 -0,1004
11/8 | 94| 0.8471 -0.2103 -0.1989 0.7853 -0.0876 -0.7004
11/9 76| 0.8395 -0.2179 -0.2061 0.7820 -0.0909 -0.1041
11/10] 64| 0.8436 -0.2138 | -0.2022 0.7845 -0.0884 -0.7013
12/12] 46 0.7812 -0.0917 -0.1051
12/14| 56 0.7845 -0.0884 -0,10Q13
12/15| 36 0.7853 -0,0876 -0.1004
2/2 36| 0.8395 -0.2179 -0,2061 0.7804 -0.0925 -0.1060
3/3 45| 0.8365 -0.2209 -0.2089 0.7788 -0.094] -0.1078
3/22 | 85 0.7845 -0.0884 -0.1013
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1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS

__ONE LAYERED SYSTEM-TOP OF

CONCRETE

3'-6" FROM EDGE OF PAVEMENT

DATE

remp

WEST SIDE OF JOINT

EAST S/IDE OF JOINT

|

spacing | movement strain spacing | movement!| strain
3/23 76 0.7796 -0.0933 -0.1069
5/10 74 0.7812 -0.0917 -0.1050
6/6 89 0.7828 -0.0901 -0.7032
6/22 | 116 0.6367 -0.4207 -0.3978 0.7845 -0.0884 -0.1013
6/23 | 110 0.6373 -0.4201 -0.3973 0.7845 -0.0884 -0.1013
6/27 | 128 0.7878 -0.0851 -0.0975
7/20 | 118 0.7837 -0.0892 -0.1022
7/26 1110 0.7796 -0.0933 -0.1069
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1977

1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS
LAYERED SYSTEM-TOP OF

QNE

CONCRETE

8'-6" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT | £AST S/0E OF JOINT
DATE |temp , . . \ ;
spacing | movement strarn spacing | movement| strain

4/15 | 82| 11,2397 1.2401

5/30 |120

5/31 | 84 1.2173 -0.0288 -0.0187
5/31 |122

6/15 | 78

6/20 |126]

6/21 | 88|

6/21 | 120

6/22 | 89

6/22 1120

6/23 | 89

6/23 | 124 !

7/20 | 86 1.0547 -0.1850 | -0.1492 1.1018 -0.0483 | -0.0389
7/20 100 1.0538 -0.1859 | -0.1500 | 1.1963 -0.0438 -0.0353
7/21 | 82 1.0579 -0.1818 | -0.1466 1.1942 | -0.0459 | -0.0370
7/21 1118 1.0276 -0.2121 | -0.1711 | 1.1837 -0.0564 -0.0455
7/22 | 86| 1.0565 | -0.1832| -0.1478 || 1.1954 | -0.0447 | -0.0360
18/25 | 94 1.0511 -0.1886 | -0.1521 | 1.1930 -0.0471 -0.0380
8/25 | 128 0.9968 -0.2429 | -0.1959 || 1.1722 -0.0679 -0.0548
8/26 | 96 1.0524 -0.1873| -0.1511 1l 1.1927 -0.0474 -0.0382
8/26 1126 1.0194 -0.2203 | -0.1777. 1l 1.1780 -0.0621 -0.0501
9/1 96 1.0506 -0.1891 | -0.1525 1 1.1921 -0.0480 -0.0387
9/20 | 115 1.0248 -0.2149 | -0.1733 | 1.1777 -0.0624 -0.0503
10/5 | 89 1.051] -0.1886 | -0.1521 /' 1,1852 -0.0549 -0.0443
10/13| 73 1.0670 -0.1727 | -0.1393 §_1.1736 -0,0665 -0,0536
11/8 | 941 1.0497 -0.1900! -0.1533 1§ 1.1813 -0.0588 -0.0474
11/9 | 76 1.0497 -0.1900] -0.1533 1l 1.1682 | -0.0719 | -0.0580
11/10! 64 1.0529 -0.1868| -0.1507 1.1716 -0.0685 -0.0552
12/12] 46 1.0280 -0.2117! -0.1703 1.1514 -0.0887 -0.0715
NL;ALQL_5Qd_~JJQZﬁzA -0.2135| -0,1722 j_ 1.1146 -0.1255 -0.1012
12/15| 36 1.0385 -0.2012; -0.1623 | 1.1626 -0.0775 -0.0625
2/2_| 36 1.0262 -0.2135| -0.1722 1.1545 -0.0856 -0.0690
3/3 | 45 1.0239 -0.2158|_-0.1741 1.1553 -0.0848 -0.0744
3/22 | 85 | 1.1366 -0.1035 -0.0835

186



VERTICAL SPACINGS, MOVEMENTS, & 57-/2?»4//1/5\ ‘
INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS

ONE LAYERED SYSTEM-TOP OF

CONCRETE

8'-6" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT

|

EAST SIDE OF JOINT

1978

DATE temp , , : :

spacing | movement Strain spacing | movement| strain
3/23 76 1.1588 -0.0813 -0.0656
5/10 74 1.1588 -0.0813 -0.0656
6/6 89 1.1669 -0.0732 -0.0590
6/22 | 116 1.1553 -0.0848 -0.0684
6/23 | 110 1.1537 -0.0864 -0.0697
6/27 | 128 1.1288 -0.1113 -0.0898
7/20 1118 1.1606 -0.0795 -0.0641
7/26 1110
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1977

1978

QlE

CONCRETE

VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS
LAYERED SYSTEM-TORP OF

11'-9" FROM EDGE OF PAVEMENT

[ WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE \temp - _ : ‘

m spacing | movement strarn spacing | movement| Strain
4/15 | 82| 0.7458 0.7894 :
5/30 [120| 0.7635 +0.0177 | +0.0237 0.7828 -0.0066 -0.0084
5/31 | 84| 0.8262 0.0804 0.1078 0.7969 +0.0075 +0.0095
5/31 1122] 0.7659 0.0201 0.0270 0.7861 -0.0033 -0.0042
6/15 | 78| 0.7511 0.0053 0.0071 | 0.7894 0.0000 0.0000
6/20 | 126 0.7230 -0.0228 | -0.0306 0.7820 -0.0074 -0.0094
6/21 | 88| 0.7643 +0.0185 | +0.0248 0.7911 +0.0017 +0.0022
6/21 1120 0.7259 -0.0199 | -0.0267 0.7820 -0.0074 -0.0094
6/22 | 89| 0.7573 +0.0115 | +0.0154 0.7911 +0.0017 +0.0022
6/22 1120| 0.7310 -0.0148 | -0.0198 0.7828 | -0.0066 -0.0084
6/23 | 89| 0.7526 +0.0068 | +0.0091 | 0.7911 +0.0017 +0.0022
6/23 |124] 0.7288 -0.0170 | -0.0228 |l 0.7820 -0.0074 -0.0094
17/20 | 86, 0.5185 -0.2273 | -0.3048 j 0.7944 +0.0050 +0.0063
7/20 1100| (0.4862 -0.2596 | -0.3481 1 0.7870 -0.0024 -0.0030
7/21 | 82| 0.4892 -0.2566 | -0.3441 1 0.7911 +0.0017 +0.0022
7/21 11181 0.4348 -0.3110| -0.4170 | 0.7812 -0.0082 -0.0104
7/22 | 86| 0.4753 -0.2705| -0.3627 | 0.7936 +0.0042 +0.0053
1 8/25 | 94| 0.4376 -0.3082 | -0.4132 0.7919 0.0025 0.0032
8/25 {128| 0.3710 -0.3748 | -0.5025 i 0.7812 -0.0082 -0.0104
8/26 | 96] 0.4497 -0.2961 | -0.3970 | 0.7878 -0.0016 -0.0020
8/26 1126 0.376] -0.3697]_-0.4957 | 0.7820 -0.0074 -0.0094
9/1: | 96! 0.4510 -0.2948 | -0.3953 | 0.7878 -0.0016 -0.0020
9/20 |115| 0.3877 -0.3581| -0.4802 q 0.7779 -0.0115 -0.0146
10/5 | 89 0.4248 -0.3210| -0.4304 | 0.7845 -0.0049 |. -0.0062
10/13] 73| 0.4404 -0.3054 | -0.4095 | 0.7928 +0.0034 -0.0043
11/8 | 94| 0.4068 -0.3390 | -0.4545 | 0.7845 -0.0049 -0.0062
11/9 | 76| 0.4376 -0,3082| -0,4132 0.7903 +0.0009 +0.001]
11/10] 64] 0.4431 -0.3027 | -0.4059 0.7969 0.0075 0.0095
12/12] 46| q0.3957 -0.3501! -0.4694 ' 0.7853 -0.004] -0.0052
12/14] 56|__0.3909 -0.3549|_-0.4759 | 0.7870 -0.0024 | -0.0030
12/15! 36| 0.4277 -0.3181| -0.4265 ) 0.7886 -0.0008 -0.0010
2/2 36| 0.3860 -0.3598| -0.4824 0.7878 -0.0016 -0.0020
3/3 | 45| _0.3727_|_ -0.3731!_-0.5003 0,7853 -0.0041 -0.0052
3/22 | 85| (.3590 -0.3868| -0.5186 0.7771 -0.0123 | -0.0156 |
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1978

VERTICAL SFACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY [/-30 BENTON, ARKANSAS
COMCRETE

ONHE LAYERED SYSTEM-TOP OF
11'-9" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT

EAST SIDE OF JOINT

DATE |temp : : , :
| spacing | movement strain spacing | movement| Strain
3/23 761 0.3590 -0.3868 -0.5186 0.7828 -0.0066 | -0.0084
5/10 | 74 0.3607 -0.3851 -0.5163 0.7788 -0.0106 | -0.0134
6/6 89| 0.3676 -0.3782 -0.5071 0.7812 -0.0082 | -0.0103
6/22 | 116| 0.3361 -0.4097 -0.5493 0.7771 -0.0123 | -0.0155
6/23 1110} 0.3361 -0.4097 -0.5493 | 0.7771 -0.0123 -0.0155
6/27 | 128, 0.3234 -0.4224 -0.5664 07715 -0.0179 | -0.0220
7/20 |118| 0.3014 -0.4444 -0.5959 0.7763 -0.0131 -0.0166
7/26 | 110 0.3087 -0.4371 -0.5361 0.7667 -0.0227 -0.02883

—_—
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ONE LAYERED SYSTEM

Horizontal Spacings, Movements and Strains
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TWO LAYERED SYSTEM

Vertical Spacings, Movements and Strains
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1977

1978

INTERSTATE  HIGHWAY /-30 BENTON, ARKANSAS

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

__TH0 LAYERED SYSTEM-TOP OF
0'-6"  FROM EDGE OF PAVEMENT

CONCRETE

WEST SICE OF JOINT

EAST S/I0E OF JOINT

DATE |temp ‘ . A .
spacing | movemen! Strain spacing | movement strain

10/5| 90 | 0.8889 - 0.8570
10/6 | 90 | 0.8881 -0.0008 | -0.0009 0.8570 0.0000 0.0000
10/13 82 | 0.8881 -0.0008 | -0.0009 0.8582 +0.0012 +0.0014
11/9| 82| 0.8817 -0.0072 | -0.0081 0.8460 -0.0110 -0.0128
11/10 76 | 0.8850 -0.0039 |- -0.0044 0.8565 -0.0005 -0.0006
12/14 45 | 0.8889 0.0000 0.0000 |_0.846Q -0.0110 -0.0128
12/15 42 | 0.8894 +0.0005 | +0.0006 0.8463 -0.0107 -0.0125
2/2 | 32 1 0,8889 0.0000 0.0000 0.8417 -0.0153 -0.0179
3/3 [ 42| 0.8889 - 0.0000 0.0000 0.8385 -0,0185 -0.0216
3/22 | 72 | 0.8929 +0.0040 | +0.0045 0.8545 -0.0025 -0.0029
3/23| 63 | 0.8932 0.0043 0.0048 0.8550 -0.0020 -0.0023
5/10| 66 | 0.8906 -0.0017 | -0.0019 0.8555 -0.0015 -0.0017
6/6 | 84| 0.8914 +0.0025 | +0.0028 0.8500 -0.0070 -0.0081

| 6/22 | 96 | 0.8842 -0.0047 | -0.0053 0.8465 -0.0105 -0.0123
6/23 ] 90 | 0.8878 -0.0011 | -0.0012 0.8480 -0.0090 -0.0105
6/27 1110 | 0.8886 -0.0003 | -0.0003 || 0.8460 -0.0110 -0.0128
7/6 1100 | 0.8850 -0.0039 | -0.0044 1.0874 +0.2304 +0.2688
7/20 | 98 | q,8825 -0.0064 | -0.0072 |l 0.8505_| -0.0065 | -0,0076
7/26 [100 | 0.8825 -0.0064 | -0.0072 0.8480 -0.0090 -0.0105
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY [-30 BENTON, ARKANSAS
TWO LAYERED SYSTEM-TOP OF CONCRETE
3'-6" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE |temp ) : _ :
spacing |movement | -strain spacrng | movement| Strain
1977 | 10/5| 90 | 0.8828 - 0.8853
10/6 | 90 | 0.8825 -0.0003 | -0.0003 0.8858 |+0.0005 +0.0006
10/13 82 | 0.8822 -0.0006 | -0.0007 0.8839 |-0.0014 -0.0016
11/9| 82 | 0.8719 -0.0109 | -0.0123 | (£.8762 |-0.0091 -0.0103
11/10 76 | 0.8741 -0.0087 | -0,0099 0.8808 |-0.0045 -0.0051
12/14 45 | 0.8674 -0.0154 | -0.0174 0:.8746 |-0.0107 -0.0121
12/1i 42 | 0.8679 -0.0149 | -0.0169 | 0.8739 |-0.0114 -0.0129
1978 | 2/2 | 32| 0.8625 -0.0203 | -0.0230 0.8688 |-0.0165 -0.0186
3/3 | 42| 0,8565 -0.0263 | -0.0298 0.8674 1-0.0179 -0.0202
3/22 | 72 | 0.8719 -0.0109 | -0.0123 0.8878 | +0.0025 +0.0028
3/23| 63 | 0.8698 -0.0130 | -0.0147 || 0.8831 |-0.0022 -0.0025
5/101 66 | 0.8635 -0.0193 | -0.0218 0.8791 |-0.0062 -0.0070
6/6 | 84 | 0.8555 -0.0273_| -0.0309 0.8724 | -0.0129 -0.0145
6/22 | 96 | 0.8493 -0.0335 | -0.0379 0.8684 | -0.0169 -0.0191
6/231 90 | 0.8503 -0.0325 | -0.0368 | 0.8688_ | -0.0165 -0.0186
6/27 1110 | 0.8456 -0.0372 | -0.0421 ||_0.8693 | -0.0160 -0.0181 |
7/6 1100 | 0.8443 -0.0385 | -0.0436 0.8681 |-0,0172 -0.0194
7/20 | 98 | 0.8429 -0,0399 | -0.0452 0,8660 | -0,0193 -0.0218
7/26 (100 | 0.8420 -0.0408 | -0.0462 0.8642 | -0.0211 -0.0238
|
% |
|
l
|




1977

1978

INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
TWo LAYERED SYSTEM-TOP OF

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

CONCRETE

8'-6"FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT

EAST S/IDE OF JOINT
DATE |temp : : ;
spacing | movement strain spacing | movement| strain

10/5] 90 | 0.8054 0.9895

10/6 | 90 | 0.8046 -0.0008 | -0.0010 0.9895 0.0000 0.0000
10/13 82 | 0.8071 +0.0017 | +0.0021 0.98€8 |-0.0027 -0.0027
11/91 82 | 0.7969 -0.0085 | -0.0106 0.9821 [-0.0074 -0.0075
11/1d 76 | 9. 8012 -0.0042 | -0.0052 | 0.9833 |-0.0062 -0.0063
12/14 45 | 0.7903 -0,0151 | -0.0187 | 0.9925 |+0.0030 +0.0030
12/15 42 | 0.7911 -0.0143 | -0.0178 0.9921 0.0026 0.0026
2/2 | 32| 0.7845 -0.0209 | -0.0259 0.9862 |-0.0033 -0.0033
3/3-1 42| 0.7796 -0.0258 | -0.0320 0.9850 |-0.0045 -0.0045
3/221 72 | 0.7870 -0.0184 | -0.0028 1.0006 | +0.0111 +0.0112
3/231| 63| 0.7870 -0.0184 | -0.0028 0.9984 0.0089 0.0090
5/10 | 66 | 0.7820 -0.0234 | -0,0290

6/6 | 84| 0.7755 -0.0299 | -0.9371 0.9974 | 0.0079 0.0080
6/22 | 96 | 0.7699 -0.0355 | -0.0441 0.9948 0.0053 0.0054
_6/23190 | 0.7715 -0.0339 | -0.0421 | 0.9940 0.0045 0.0045
6/27 1110_| 0.7659 -0.0395 | -0.0490 | _0.9917 0.0022 0.0022 |
7/6 (100 |

7/20 | 98 | 0.7683 -0.0371 | -0.0461 0.9817 [-0.0078 -0.0079
7/26 [100 | 0.7675 -0.0379 | -0.0471 0.9904 |+0.0009 +0.0009
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1977

1978

VERTICAL SPACINGS, MOVEMENTS, & 57/?4//‘\/5

INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS

THO LAYERED SYSTEM-TOP OF CONCRETE

11'-9"FROM EDGE OF PAVEMENT

WEST SIDE _OF JOINT

EAST SIDE OF JOINT

DATE |temp ) _ : , )
spacing | movement strain spacing | movement| strain
10/5 ] 90 1.0067 1.0056
10/6 | 90 1.0056 -0.0011 -0.0011 1.0045 -0.0011 -0.0011
10/13 82 1.0133 +0.0066 +0.0066 1.0042 -0.0014 -0.0014
11/9 82 0.9948 -0.0119 -0.0118 | 0.9968 -0.0088 -0.0088
11/1d 76 1.0019 -0.0048 -0.0048 ! 1.0028 -0.0028 -0.0028
12/14 45 | 0.9790 -0.0277 -0.0275 | 0.9987 -0.0069 -0.0069
12/15 42 0.9821 -0.0246 -0.0244 0.9987 -0.0069 -0.0069
2/2 32 0.9665 -0,0402 -0.0399 0.9900 -0.0156 -0,0155
3/3 42 0.9542 -0.0525 -0.0522 0.9880 -0.0176 -0.0175
3/22 | 72 0.9492 -0.0575 -0.0571 1.0042 -0.0014 -0.0014
3/23 | 63 0.9565 -0,.0502 -0.0499 1.0049 -0.0007 -0.0007
5/10 | 66 0.9404 -0.0663 -0.0658 0.9996 -0.0060 -0.0059
6/6 84 | 0.9223 -0.0844 -0.0838 | 1.0019 -0.0037 -0.0037
6/22 | 96 |_0.9132_ | -0.0935] -0.0929 | 0.9971_|-0.0085 -0.0085
6/23 1 90 0.9177 -0.0890 -0.0884 £ 0.9984 -0.0072 -0.0072
6/27 1110 0.9045 -0.1022 -0.1015_1_.0.9909 -0.0147 -0.0146 |
7/6 (100 0.9070 -0.0997 -0.0990 0.9929 -0.0127 -0.0126
7/20 | 98 0.9104 -0.0963 -0.0957 0.9929 -0.0127 -0.0126
7/26 (100 0.9082 -0.,0985 -0.0978 0.9929 -0.0127 -0.0126
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VERTICAL SPACINGS, MOVEMENTS, 8 STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
TWO LAYERED SYSTEM-TOP OF BINDER
_0'-6" FROM EDGE OF PAVEMENT

WEST SIE _OF JOINT |__EAST SIDE _OF JOINT

OATE \temp - — i
spacing |movement strarn spacing | movement| Strain
1977 | 10/5| 85| 2.5973 2.5754
10/6 | 86| 2.5948 -0.0025 | -0.0010 2.5730__|-0.0024 -0.0009
10/13 76| 2.5924 -0.0049 | -0.0019 | 2.5706 |-0.0048 -0.0019
11/91 79| 2.5802 -0.0171 -0.0066 2.5610 |-0.0144 -0.0056
11/1d_74| 2 5875 -0.0098 | -0.0038 2.5730  [-0.0024 -0.0009
12/14 48| 2.5924 -0.0049 | -0.0019 i 2.5754 0.0000 0.0000
12/15 40| 2.5899 -0.0074 | -0.0028 2.5754 0.0000 0.0000
19781 2/2 32| 2.5899 =0.0074 | -0.0028 2.2754 | 0.0000 0.0000
3/3 42| 2.5875 -0.0098 | -0.0038 2.5730 [-0.0024 -0.00609
3/22 | 85| 2.5997 +0.0024 | +0.0009 2.5778 1+0.0034 +0.0013
3/23| 67| 2.5973 0.0000 0.0000 || 2.5754 0.0000 0.0000
5/101 70| 2.5973 0.0000 0.0000 | 2.5778 [+0.0024 +0.0093
6/6 95| 2.6022 +0.0049 | +0.0019 2.5802 0.0048 0.0018
6/22 1108| 2.5924 -0.0049 | -0.0019 | 2.5706 |-0.0048 -0.0019
6/23 | 97| 2.5924 -0.0049 | -0.0019 | 2.5706 |-0.0048 -0.0019
6/27 | 124] 2.5924 -0.0049 | -0.0019 | 2.5706 |-0.0048 -0.0019
7/6 [ 124] 2.5899 -0.0074 | -0.0028 || 2.5658 |-0.0096 -0.0037
7/20 | 102| 2.5826 -0.0147 | -0.0057 |
7/26 | 96| 2.5826 -0.0147 | -0.0057 | 2.5610 |-0.0144 -0.0056
i
|
lx
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THO LAYERED SYSTEM-TOP OF _BINDER
2'-6" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/DE OF JOINT
DATE |temp ; . ) .
spacing | movéemen! slrain spacing | movemeént| strain
19771 10/5] 85! 2.5826 2.4275
10/6 86 2.5826 0.0000 0.0000 2.4255 -0.0020 -0.0008
10/13 76 2.5826 0.0000 0.0000 2.4255 -0.0020 -0.0008
11/9| 79| 2.5706 -0.0120 -0.0046 2.4119 -0.0156 -0.0064
11/10 74| 2.5682 -0.0144 -0.0056 2.4157 -0.0118 -0.0049
12/14 48| 2.5778 -0.0048 -0.0019 2.4216 -0.0059 -0.0024
12/19 49! 2.5778 -0.0048 -0.0019 2..4216 -0.0059 -0.0024
19781 2/2 32| 2.5754 -0.0072 }-0.0028 2.4196 -0.0079 -0.0033
373 421 2.5754 -0.0072 -0.0028 2.4196 -0.0079 -0.0033
3/22 | 85; 2.5875 +0.0049 +0.0019 2.4275 0.0000 0.0000
3/23 67’ 2.5850 0.0024 0.0009 2.4255 -0.0020 -0.0008
5/101 70! 2.5778 -0.0048 -0.0018 2.4255 -0.0020 -0.0008
6/6 95,__2.5658 -0.0168 -0.0065 i 2.4255 -0.0020 -0.0008
6/22 1108, 2.5634 -0.0192 -0.0074 2.4177 -0.0098 -0.0040
6/23| 97/ 2.5610 -0.0216 -0.0084 2.4177 -0.0098 -0.0040
6/27 1 124, 2.5610 -0.0216 -0.0084 2.4157 -0.0118 -0.0049
7/6 124{ 2.5469 -0.0357 -0.0138 2.4100 -0.0175 -0.0072
7/20 m?I 2.5352 -0.0474 -0.0184 2.4024 -0.0251 -0.0103
7/26 96l 2.5352 -0.0474 -0.0184 2.4005 -0.0270 -0.0111
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS
WO LAYERED SYSTEM-TOP OF BINDER
3'-6" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/IDE OF JOINT
DATE \temp ; g - ;
spacing | movement strain spacing | movement| Sstrain
1977 [ 10/5 85| 2.7524 2.8689
10/6 86| 2.7495 -0.0029 -0.0011 2.8655 -0.0034 -0.0012
10/13] 76] 2.7495 -0.0029 -0.0011 2.3622 -0.0067 -0.0023
11/9 79| 2.7350 -0.0174 -0.0063 2.8489 -0.0200 -0.0070
11/10] 74| 2.7408 -0.0116 -0.0042 2.8489 -0.0200 -0.0070
12/14] 48| 2.7495 -0.0029 -0.0011 2.8622 -0.0067 -0.0023"
12/15] 40| 2.7466 -0.0058 -0.0021 2:8622 -0.0067 -0.0023
1978 | 2/2 32| 2.7437 -0.0087 -0.0032 2.8622 -0.0067 -0.0023
3/3 42| 2.7437 -0.0087 -0.0032 2.8622 -0.0067 -0.0023
3/22 85| 2.7553 +0.0029 +0.0011 2.8723 +0.0034 [+0.0012
3/23 67| 2.7495 -0.0029 -0.0011 2.8689 0.0000 0.0000
5/10 70| 2.7437 -0.0087 -0.0037 2.8588 -0.0101 -0.0035
6/6 95| 2.7350 -0.0174 -0.0063 2.8522 -0.0167 -0.0058
6/22 | 108| 2.7236 -0.0288 -0.0105 | 2.8358 -0.0331 -0.0115
6/23 971 2.7236 -0.0288 -0.0105 2,8358 -0.033] -0.0115
6/27 |124] 2.7208 -0.0316 -0.0115 2.7642 -0.1047 | -0,036%
7/6 124] 2.7095 -0.0429 -0.0156_ | 2.8133 -0.0556 -0.0194
7/20 {102| 2.6957 | -0.0567 | -0.0206 |
7/26 96| 2.6930 -0.0594 -0.0216
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGCHWAY /-30 BENTON, ARKANSAS
WO LAYERED SYSTEM-TOFP OF BINDER
A'-6" FROM EDGE OF PAVEMENT

D

WEST S/DE OF JOINT EAST S/IDE OF JOINT

DATE |temp ) : :

spacing |movement strain spacing | movemeéent| strain
1977 | 10/5 85| 2.6273 2.4901
10/6 86| 2.6273 0.0000 0.0000 2.4901 0.0000 0.0000
10/13 76| 2.6247 -0.0026 -0.0010 2.4879 -0.0022 -0.0009
11/9 79| 2.6122 I -0.0151 -0.0057 2.4792 -0.0109 -0.0044
11/10f 741 2.6147 -0.0126 -0.0048 2.4792 -0.0109 -0.0044
12/14| 48] 2.6172 -0.0101 | -0.0038 |__2.4836 -0.0065 -0.0026
12/15! 40| 2.6172 -0.0101 -0.0038 2.4814 -0.0087 -0.0035
1978 [ 2/2 321 2.6122 -0.0151 -0.0057 2.4792 -0.0109 -0.0044
3/3 421 2.6122 -0.0151 -0.0057 2.4792 -0.0109 -0.00441
3/22 85| 2.6172 -0.0101 -0.0038 2.4836 -0.0065 -0.0026
3/23 67| 2.6147 -0,0126 -0.0048 I 2.4814 -0.0087 -0.0035
5/10 70] _2.5997 -0.0276 -0.0105 4 2.4255 -0.0646 | -0.0259
6/6_ 1 95| 2.5899 -0.0374 -0.0142 | 2.3640 -0.1261 -0.0506
| 6/22 | 108] 2.5706 -0.0567 -0.0216 | 2.3497 -0.1404 | -0.0564
6/23 | 97! 2,5706 -0.0567 -0.0216 ! 2.3515 -0.1386 | -0.0557
6/27 | 124| 2.5682 -0.0591 -0.0225 | 2,3766 -0.1135 -0.0456
7/6 | 124 2.5515 | -0.0758 | -0.0289 | 2.3334 | -0.1567 | -0.0629
7/20 | 102| 2.5375 -0.0898 -0.0342 J 2.3533 -0.1368 | -0.0549
7/26 96| 2.5352 -0.0921 -0.0351 f 2.2923 -0.1978 | -0.0794
i
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /1-30 BENTON, ARKANSAS
TWO LAYERED SYSTEM-TOP OF BINDER
6'-0" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE |lemp A _ ) )
spacing | movemen/ slrarn spacing | movement! strain
1977 | 10/5 | 85| 2.5422 2.4538

10/6 | 86| 2.5422 0.0000 0.0000. || 2.4538 0.0000 0.0000
10/13] 76| 2.5375 -0.0047 -0.0018 | 2.4497 -0.0041 | -0.0017
11/9 1 79| 2.5260 -0.0162 -0.0064 2.4415 -0.0123 ! -0.0050
11/100 74| 2.5260 -0.0162 -0.0064 2.4415 -0.0123 | -0.0050
12/14] 48] 2.5329 -0.0063 -0.0025 || 2.4476 | -0.0062 | -0.0025
12/15 40 2.5352 | -0.0093 | -0.0037 | 2.4476 | -0.0062 | -0.0025
1978 [ 2/2 321 2.5329 -0.0063 -0.0025 2.4456 -0.0082 | -0.0033
3/3 42| 2.5306 -0.0116 -0.0046 | 2.4435 -0.0103 | -0.0042
3/22 | 85| 2.5352 -0.0070 -0.0028 2.4497 -0.0041 | -0.0017
3/23 | 67! 2.5329 -0.0123 -0.0048 | 2.4476 -0.0062 | -0.0025
5/10 | 70| 2.5237 -0.0185 -0.0073 | 2.4415 -0.0123 | -0.0050
6/6 | 95| 2.5192 -0.0230 -0.0090 || 2.4375 -0.0163 | -0.0066
1 6/22 1108, 2.5079 -0.0343 -0.0135 | 2.4216 -0.0322 | -0.0131
6/23 | 971 2.5079 -0.0343 -0.0135 || 2.4275 -0.0263 | -0.0107
6/27 |124]_2.5079 | -0.0343 | -0.0135 |_2.4275_| -0.0263 | -Q_0l07
7/6 | 1241 2.4967 -0.0455 -0.0179 | 2.4196 -0.0342 | -0.0139
7/20 [ 102| 2.4858 | -0.0564 | -0.0222 l|_2.4081 | -0.0457 | -0.0186
7/26 | 96| 2.4836 -0.0586 -0.0231 2 2.4081 -0.0457 | -0.0186

|

|

|

|

|

|

|
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE  HIGHWAY /-30 BENTON, ARKANSAS
TWO LAYERED SYSTEM-TOP OF BINDER

8'-6" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/DE OF JOINT

DATE |temp — , : T _

spacing | movement slrarn spacing | movemeént| Sstrain
1977 [10/5 85| 2.8723 f 2.3261
10/6 86| 2.8723 0.0000 0.0000 I 2.8261 0.0000 0.0000
10/13| 76| 2.8622 -0.0101 -0.0035 | 2.8165 -0.0096 -0.0034
11/9 | 79| 2.8489 -0.0234 -0.0081 i 2.8039 -0.0222 -0.0079
11/10, 74| 2.8489 -0.0234 -0.0081 | 2.8039 -0.0222 -0.0079
12/14] 48] 2.8588 -0.0135 -0.0047 | 2.8102 -0.0159 -0.0056
_12/15/_40| 2.8588 -0.0135 -0.0047 f 2.8070 -0.0191 -0.0068
1978 | 2/2 32| 2.8588 -0.0135 -0.0047 L 2.8039 -0.0222 -0.0079
3/3 42| 2.8588 -0.0135 -0.0047 2.8039 -0.0222 | -0.0079
3/22 85| 2.8723 0.0000 0.0000 2.8197 -0.0064 -0.0023
3/23 67| 2.8655 -0.0068 -0.0024 ! 2.8133 -0.0128 | -0.0045
5/10 70| _2.8689 -0.0034 -0.0012 | 2.8197 -0.0064 | -0.0022
6/6 | 951 2.8757 +0.0034 +0.0012 | 2.8229 -0.0032 -0.0011
1 6/22 | 108| 2.8622 -0.0101 -0.0035 | 2.8102 -0.0159 -0.0056
6/23 971 2.8588 -0.0135 -0.0047 || 2.8070 -0.0191 -0.0068
6/27 1124 2.8655 -0.0068 -0.0024 | 2.8070 -0.0191 -0.0068
7/6 124 |

7/20 [ 102] 2.8325 -0.0398 -0.0139 f 2.7613 -0.0648 -0.0229
7/26 96 2.8325 -0.0398 -0.0139 j 2.7793 -0.0468 -0.0166
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
WO LAYERED SYSTEM-TOP OF BINDER
11'-9" FROM EDGE OF PAVEMENT

WEST S/IDE OF JOINT EAST S/DE OF JOINT |
DATE |temp - , .
spacing | movement strain spacing | movement| Strain
1977 [ 10/5 85| 2.5778 25231

10/6 86| 2.5778 0.0000 0.0000 2.5237 0.0000 0.0000
10/13| 76| 2.5754 -0.0024 -0.0009 2.5169 -0.0068 -0.0027
11/9 791 2.5634 -0.0144 - -0.0056 2.5079 -0.0158 -0.0063
11/101 74| 2.5634 -0.0144 -0.0056 2.5079 -0.0153 -0.0063
12/14] 48| 2.5802 +0.0024 +0.0009 2.5169 -0.0068 -0.0027
12/15/_40] 2.5778 0.0000 0.0000 2.5169 -0.0068 -0.0027
1978 | 2/2 32| 2.575%4 -0.0024 -0.0009 2.5146 -0.0091 -0.0036
3/3 42| 2.5754 -0.0024 -0.0009 2.5124 -0.0113 -0.0045
3/22 85| 2.5754 -0.0024 -0.0009 2.5169 -0.0068 -0.0027
3723 67 2.5706 -0.0072 -0.0028 2.5146 -0.0091 -0.0036
5/10 70| 2.5634 -0.0144 -0.0056 2.5056 -0.0181 -0.0072
| 6/6 | 951 2.5515 -0.0263 -0.0102 2.4967 -0.0270 -0.0107
16/22 | 108| 2.5399 -0.0379 -0.0147 ; 2.4836 -0.0401 -0.0159
6/23 97 2.5399 -0.0379. -0.0147 2.4314 -0.0423 -0.0168
6/27 1124|_2.5306 -0.0472 -0.0183 i 2.4749 -0.0488 -0.0193
7/6 124 2.5169 -0.0609 -0.0236 || 2.4580 -0.0657 -0.0260
7/20 1102| 2.5034 -0.0744 -0.0289 || 2.4435 -0.0802 -0.0318
7/26 96 2.5034 -0.0744 -0.0289 || 2.4395 -0.0842 -0.0334

|

#

|
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TWO LAYERED SYSTEM

Horizontal Spacings, Movements and Strains
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HORIZONTAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE  HIGHWAY /-~ 30 EENTON, ARKANSAS
TWO LAYERED SYSTEM 0'-6"  FROM EDGE OF PAVEMENT

. TOP OF CONCRETE ) TOP OF BINDER
DB /‘emp]l spacing | movement strain remp| spacing | movement strain
1977(10/5 | 90| 5.5117 . 85| 4.5920
10/6 90| 4.4666 -0.0451 -0.0082 86 | 4.5678 -0.0242 -0.0053
10/13] 84| 5.5088 -0.0029 | -0.0005 84| 4.5799 -0.0121 -0.0026
11/9 82| 5.3644 -0.0473 | -0.0267 79| 4.5286 -0.0634 | -0.0138
11/10| 76| 5.4861 -0.0256 | -0.0046 74 | 4,5920 0.0000 0.0000
12/14 45[ 5.6540 +0.1423 | +0.0258 48 | 4.6293 +0.0373 +0.0081
12/15] 42| 5.6540 0.1423 0.0258 40| 4.6293 0.0373 0.0081
197812/2 32{ 5.6639 0.1522 0.0276 32| 4.6251 0.0331 0.0072
3/3 42| 5.5681 0.0564 0.0102 42 | 4.5880 -0.0040 -0.0009
3/22 72| 5.4722 -0.0395 | -0.0072 85| 4.,5758 -0.0162 -0.0035
3/23 63| 5.4945 -0.0172 | -0.0031 67| 4.5758 -0.0162 -0.0035
5/10 66| 5.5291 +0.0174 | +0.0031 70| 4.5961 +0.0041 +0.0009
6/6 84| 5.5804 0.0687 0.0125 95| 4.6335 0.0415 0.0090
6/22 96| 5.5262 0.0145 0.0026 11 108! 4.6209 0.0289 0.0063
6/23 90/ 5.5439 00322 0.0058 97| 4.6167 0.0247 0.0054
6/27 | 110/ 5.5681 0.0564 0.0102 | 124 | 4.,6209 | 0.0289 0.0063
7/6 100/ 5.5651 0.0534 0.0097 | 124| 4.6209 0.0289 | 0.0063
7/20 98] 15,5350 0.0233 0.0042 | 102| 4.6084 0.0164 0.0036
7/26 | 100/ 5.5529 0.0412 0.0075 96| 4.6126 0.0206 0.0045
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HORIZONTAL SPACINVGS, MOVEMENTS, & STRAINS
INTERSTATE  HIGHWAY /- 30 GENTON, ARKANSAS
TWO LAYERED SYSTEM _2'-6' FROM EDGE OF PAVEMENT

BATE TOP OF CONCRETE TOP OF BINDER
temp  spacing | movement strain remp| spacing | movement strain

1977 110/5 | 90| 4.6309 - 85| 4.5839
10/6 | 90| 4.6166 |-0.0143 -0.0031 86| 4.5638 -0.0201 -0.0044
10/13| 84| 4.6473 |+0.0164 | +0.0035 84| 4.5718 -0.0201 -0.0026
11/9 | 82| 4.5933 | -0.0376 -0.0081 79| 4.5247 | -0.0592 -0.0129
11/10| 76| 4.6124 | -0.0185 -0.0040 74 | 4.5402 -0.0437 -0.0095
12/14| 45| 4.7302 | +0.0993 +0.0214 || 48| 4.6209 | +0.0370 +0.0081
12/15| 42| 4.7348 | 0.1039 0.0224 | 40| 4.6167 0.0328 0.0072

1978|272 32| 4.7487 0.1178 0.0254 32| 4.6126 0.0287 0.0063
3/3 42| 4.6857 0.0548 0.0117 42| 4.5758 -0.0081 -0.0018
3/22 | 72| 4.5920 | -0.0389 -0.0084 || 85| 4.5559 -0.0280 -0.0061
3/23 | 63| 4.6126 | -0.0183 -0.0040 67 | '4.5559 -0.0280 | -0.0061
5/10 | 66| 4.6126 | -0.0183 -0.0039 70| 4.5799 -0.0040 -0.0009
6/6 84| _4,6167 | -0.0142 -0,0031 95| 4.6084 | +0.0245 +0.0053
6/22 | 96| 4.5961 | -0.0348 -0.0075 | 108| 4.6002 0.0163 0.0036
6/23 90/ 4.6126 | -0.0183 -0.0040 '|. 97| 4.5961 0.0122 0.0027
6/27 | 110 4.5758 | -0,0551 -0.0119 || 124| 4.5961 0.0122 0.0027
7/6 100/  4.5799 | -0.0510 -0.0110 | 124] 4.5920 0.0081 0.0018
7/20 98| 4.5758 | -0.0551 -0.0119 || 102 4.5799 -0.0040 -0.0009
7/26 | 100 4.5920 | -0.0389 -0.0084 || 96| 4.5880 | +0.0041 +0.0009
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HORIZONTAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE — HIGHWAY 1-30 BENTON, ARKANSAS
TWO LAYERED SYSTEM _3'-8" FROM EDGE OF PAVEMENT

DAREL 1 TOP OF CONCRETE TOP OF BINDER
fif’?f‘ spac/n:o movemeént sirain remp| spocing | movement ] strain
1977(10/5 | 90| 4.5696 85| 4.0785
10/6 | 90| 4.5554 | -0.0142 | -0.0031 | 86| 4.0643 | -0.0142 | -0.0035
10/13] 84| 4.5907 | +0.0211 | +0.0046 | 84| 4.0762 | -0.0023 | -0.0006
11/ | 82| 4.5234 | -0.0462 | -0.0101 | 79| 4.0455 | -0.0330 -0.0081
11/10| 76| 4.5619 | -0.0077 | -0.0017 | 74| 4.0595 | -0.0190 | -0.0047
12/14| 45| 4.7004 | +0.1308 | +0.0286 | 48| 4.1102 | +0.0317 | +0.0078
12/15| 42| 4.7125 0.1429 0.0313 40| 4.1078 0.0293 0.0072
1978(2/2 32| 4.7196 | 0.1500 0.0328 | 32| 4.1078 0.0293 0.0072
3/3 42| 4.6443 | 0.0747 0.0163 | 42| 4.0785 0.0000 0.0000
3/22 | 72| 4.5785 | -0.0413 | -0.0090 | 85| 4.0548 | -0.0237 | -0.0053
3/23 | 63| 4.5464 | -0.0232 | -0.0051 | 67| 4.0548 | -0.0237 | -0.0058
5/10 | 66| 4.5477 | -0.0219 | -0.0048 | 70| 4.0690 | -0.0095 | -0.0023
6/6 84| 4.5580 | -0.0116 | -0.0025 | 95| 4.0834 | +0.0049 | +0.0012
6/22 | 96|__4.5580 | -0.0116 | -0.0025 | 108! 4.0785 0.0000 0.0000
6/23 | 90t 4.5722 | -0.0026 | -0.0006 | 97| 4.0690 | -0.0095 | -0.0023
6/27 | 110, 4.5336 | -0.0360 | -0.0079 | 124| 3.9978 | -0.0807 | -0.0198

/6 100 _4.5374 | -0.0322 -0.0070 | 102] 4.0762 -0.0023 -0.0006 |
7/20 98 _4.5297 | -0.0399 -0.0087 96| 3.9649 -0.1136 -0.0279
7/26 | 100, 4.5374 | -0.0322 -0.0070
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1978

HORIZONTAL SPACINGS

» MOVEMENTS, & STRAINS
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INTERSTATE  HIGHWAY [-30  BENTON, ARKANSAS
TWO LAYERED SYSTEM _4'=6"_ FROM EDGE OF PAVEMENT
- . _TOP OF CONCRETE TOP OF BINDER ]
,femp spacing | movement strarn temp| spacing | movement I strain
10/5 | 90| 4.6968 85| 4.7581
10/6 | 99| 4.6841 -0.0127 | -0.0027 || 86| 4.7302 | -0.0279 | -0.0059
10/13| a4/ 47017 | +0.0049 | +0.0010 | 84| 4.7487 | -0.0094 | -0.0020
11/9 | 82| a.6413 | -0.0555 | -0.0118 | 79| 4 6397 -0.0684 | -0,0144 |
11/10] 76| 4.6710 | -0.0258 | -0.0055 74| 4.6941 -0.0640 | -0.0135
12/141 45| 4.7961 +0.0993 | +0.0211 | 48| 4.7993 | +0.0412 | +0.0087
12/15] 42| 4.7977 0.1009 0.0215 | 40| 4.7961 0.0380 0.0080
2/2 32| 4.8154 0.1186 | 0.0253 || 32| 4.7882 0.0301 0.0063
3/3 42| 4.7502 0.0534 | 0.0114 | 42| 4.7439 -0.0142 -0.0030
3/22 | 72| 4.6614 -0.0354 | -0.0075 85! 4.7182 -0.0399 -0.0083
3/23 | 63| 4.6792 -0.0176 | -0.0037 67| 4.7153 -0.0428 -0.0089
5/10 | 66| 4.6874 | -0.0094 | -0.0020 | 70| 4.6747 -0.0839 | -0.0176
6/6 84| 4.6922 | -0.0046 | -0.0010 | 95| 4.6280 | -0.130] -0.0273
6/22 | 96| _4.6792 | -0.0176 | -0.0037 | 108 4.6110 | -0.0471_| -0.0309
6/23 | 90| 4.6968 0.0000 0.0000 97| 4.6208 -0.1373 -0.0289
6/27 1110l 4.6598 | -0.0370 | -0.0079 | 124 4,6678 | -0.0903 -0.0190
7/6 | 100| 46597 -0.0370 | -0.0079 1| 124| 4 _gna3 -0.1540 -0.0324
7/20 | 83| 4.6629 | -0.0339 | -0.0072 | 102 4.5974 | -0.1607 -0.0338 |
7/28 00| 4.6726 | -0.0242 | -0.0052 | 96| 4.5709 | -0 1872 -0.0393—}
!’ !
.

— <

SR S
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HORIZONTAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE

HIGHWAY = /=30 EENTON, ARKANSAS

TWO LAYERED SYSTEM §'-0" _ FROM EDGE OF PAVEMENT

P . TOP OF CONCRETE TOP OF BINDER
temp  spacing | movement strain remp| spacing | movement strain
- 1977110/5 | 90| 4.7270 85 | 4.4432
10/6 | 90| 4.7153 -0.0117 -0.0025 | 86 | 4.4219 -0.0213 -0.0048
10/13| 84| 4.7331 +0.0061 +0.0013 | 84 | 4.4360 -0.0072 -0.0016
11/9 | 82| 4.6775 | -0.0495 | -0.0105 | 79 | 4.3842 -0.0590 | -0.0133
11/10] 76| 4.7043 -0.0227 | -0.0048 | 74 | 4.3875 -0.0557 -0.0125
12/14]| 45| 4.8360 +0.1090 +0.0231 || 48 | 4.4832 +0.0400 +0.0090
12/15]| 42| 4.8309 0.1039 0.0220 || 49 | 4.4795 0.0363 0.0082
1978|2/2 32| 4.8512 0.1242 0.0263 | 32| 4.4758 0.0326 0.0073
3/3 42| 4.7866 0.0596 0.0126 || 42 | 4.4360 -0.0072 -0.0016
3/22 | 72| 4.6809 -0.0461 -0.0098 || 85 | 4.4080 -0.0352 -0.0079
3/23 | 63| 4.6986 -0.0284 -0.0060 | 67 | 4.4046 -0.0386 -0.0087
5/10 | 66| 4.7075 -0.0195 -0.0041 | 70 | 4.4219 -0.0213 -0.0048
6/6 84| 4.7165 -0.0105 -0.0022 || 95| 4.4360 -0.0072 -0.0016
16/22 | 96| 4.7030 -0.0240 -0.0051 /108 | 4.4290 -0.0142 -0.0032
6/23 | 90| 4.7165 -0.0105 -0.0022 | 97 | 4.4290 -0.0142 -0.0032
6/27 |110| 4.6897 -0.0373 =-0.0079 {124 | 4.4290 -0.0142 | -0.0032
7/6 |100| 4.6941 -0.0329 -0.0070 124 | 4.4219 -0.0213 | -0.0048
7/20 | 98| 4.6897 -0.0373 -0.0079 102 | 4.4185 -0.0247 | -0.0056 |
7/26 1100| 4.6941 -0.0329 -0.0072 | 96 | 4.4254 -0.0178 -0.0040
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HORIZONTAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE  HIGHWAY [-30 BENTON, ARKANSAS
TWO LAYERED SYSTEM _8'-6" FROM EDGE OF PAVEMENT

o _TOP OF CONCRETE TOP OF BINDER

temp  spacing | movement strain remp| spacing | movement strain
1977 {10/5 | 90| 4.5208 ' 85 | 4.0248

10/6 | 90| 4.5069 -0.0139 -0.0031 | 86 | 4.0112 -0.0136 -0.0034
10/13] 84! 4.5361 +0.0153 +0.0034 || 84 | 4.0157 -0.0091 -0.0023
11/9 | 82| 4.4782 -0.0426 -0.0094 | 79 | 3.9956 -0.0292 -0.0073
11/10| 76 | 4.5119 -0.0089 -0.0020 || 74 | 4.0000 -0.0248 -0.0062
12/14| 45| 4.6462 +0.1254 +0.0277 || 48 | 4.0619 +0.0371 +0.0092
12/15| 42| 4.6462 0.1254 0.0277 || 40 | 4.0572 0.0324 0.0081
1978(2/2 32| 4.6634 0.1426 "0.0315 || 32 | 4.0619 0.0371 0.0092
3/3 42| 4.5920 ..0.0712 0.0157 || 42 | 4.0339 0.0091 0.0023
3/22 | 72| 4.4612 -0.0596 -0.0132 | 85 | 4.0045 -0.0203 -0.0050
3/23 | 63| 4.4795 -0.0413 -0.0091 | 67 | 4.0067 -0.0181 -0.0045
5/10 | 66| 4.4648 -0.0560 -0.0124 | 70 | 4.0271 +0.0023 +0.0006
6/6 84| 4.4685 | -0.0523 | -0.0116 | 95 | 4.0548 0.0300 0.0075
6/22 |. 96| 4.4539 | -0.0669 | -0.0148 108 | 4.0548 0.0300 0.0075
6/23 | 90| 4.4685 -0.0523 -0.0116 | 97 | 0.0502 0.0254 0.0063
6/27 |110| 4.4254 -0.0954 -0.0211 {124 | 4.0502 0.0254 0.0063
7/6 1100 124 | 4.0502 0.0254 0.0063
7/20 | 98| 4.3576 -0.1632 -0.0361 [|102 | 4.0502 0.0254 0.0063
7/26 |100| 4.4432 -0.0776 -0.0172 || 96 | 4.0502 0.0254 0.0063




HORIZONTAL SPACINVGS, MOVEMENTS, & STRAINS

INTERSTATE

HIGHWAY

[~30 BENTON, ARKANSAS

TWO LAYERED SYSTEM 11'-9"  FROM EDGE OF PAVEMENT
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DADEL“““ TOP OF CONCRETE TOP OF BINDER
temp  spacing | movement strain remp| spacing } movement strain
1977 (10/5 | 90| 6.3611 85 | 5.4123
10/6 | 90| 6.2618 -0.0993 -0.0156 | 86 | 5.3644 -0.0479 -0.0089
10/13| 84| 6.2822 -0.0789 -0.0124 || 84 | 5.3644 -0.0479 -0.0089
11/9 | 82| 6.0534 | -0.3077 | -0.0484 | 79 | 5.271¢ -0.1407 | -0.0260
11/10| 76 6.1729 -0.1882 -0.0196 | 74 | 5.2892 -0.1231 -0.0227
12/14| 45| 6.5303 +0.1692 +0.0266 | 48 | 5.4639 +0.0516 +0.0095
12/15| 42| 6.5243 0.1632 0.0257 | 40 | 5.4611 0.0488 0.0090
19781272 32| 6.5243 0.1632 0.0257 | 32| 5.4557 0.0434 0.0080
3/3 42| 6.3992 0.0381 0.0060 || 42 | 5.3958 -0.0165 -0.0030
3/22 | 74| 6.2669 -0.0942 -0.0148 | 85| 5.3567 -0.0556 -0.0103"
3/23 | 63| 6.2926 -0.0685 -0.0108 | 67 | 5.3591 -0.0532 -0.0098
5/10 | 66| 6.3451 -0.0160 -0.0025 | 70 | 5.4177 +0.0054 +0 .0010
6/6 84| 6.3992 +0.0381 +0.0060 | 95| 5.4889 0.0766 0.0142
16/22 | 96| 6.3398 0.0213 -0.0033 | 108 | 5.4833 0.0710 0.0131
6/23 | 90! 6.3611 0.0000 0.0000 || 97 | 5.4777 0.0654 0.0121
6/27 |110! 6.3611 0.0000 0.0000 ||124 | 5.4861 0.0738 0.0136
7/6 |100| 6.3504 -0.0107 -0.0017 ||124 | 5.4722 | 0.0599 0.0111
7/20 | 98| 6.3344 -0.0267 -0.0042 102
7/26 1100| 6.3451 -0.0160 -0.0025 || 96 | 5.4777 0.0654 0.0121 |
|
|
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HORIZONTAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE

HIGHWAY

/=30

BENTON, ARKANSAS

TWO LAYERED SYSTEM 12'=2"  FROM EDGE OF PAVEMENT

TOP OF CONCRETE

TOP OF BINDER

DATE i , :
emp  spacing | movemeént strarin lemp| spacing | movement strain

10/5 | 90 85 | 4.7722

10/6 | 90 86 | 4.7446 -0.0282 -0.0059
10/13] 84 84 | 4.7394 -0.0328 -0.0059
11/9 | g2 79 | 4.6809 -0.0913 -0.0191
11/10| 76 74 | 4.6941 -0.0781 -0.0164
12/14| 45| 5.3519 0.0000 0.0000 | 48 | 4.7866 +0.0144 +0.0030
12/15] 42 40 | 4.7866 0.0144 0.0030
2/2 32 32 | 4.7770 0.0048 0.0010
3/3 42| 5.3095 -0.0424 -0.0079 || 42| 4.7675 -0.0047 -0.0010
3/22 + 72 85| 4.7818 +0.0096 +0.0020
3/23 | 63| 5.3171 -0.0348 -0.0065 | 67| 4.7770 0.0048 0.0010
5/10 | 66 70 | 5.8309 0.0587 0.0123
6/6 84 95 | 4.8824 0.1102 0.0231
6/22 | 96 108 | 4.8360 0.0638 0.0134
6/23 | 90 97 | 4.8360 0.0638 0.0134
6/27 |110 124 | 4.7963 0.0241 0.0051
7/6 |100 124 | 4.7165 -0.0557 -0.0117
7/20 | 98 102 | 4.7818 +0.0096 +0.0020
7/26 | 100 96 | 4.7866 0.0144 0.0030

R
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THREE LAYERED SYSTEM

Vertical Spacings, Movements and Strains
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1977

1978

STABLE REFERENCE POINT - THREE LAYERED SYSTEM

TOP VERTICAL MOVEMENTS WITH RESPECT TO

INTERSTATE HIGHWAY |-30 BENTON, ARKANSAS

12-2" FROM EDGE OF PAVEMENT

SOUTH OF C.L. JOINT

DATE WEST SIDE OF JO_/_/VT EAST S/IDE OF JOINT
concrete|open gradel binder || concrefe [open grade| binder
10/4 0.0000 0.0000 0.0000
10/5 +0.0093 +0.0174 | +0.0264
10/6 0.0093 0.0174 0.0264
10/13 0.0050 0.0090 0.0433
11/9
11/10 0.0177 0.0298 0.1466
12/13 0.0244 0.0325 0.1731
12/14 0.0244 0.0325 0.1731
12/15 0.0251 0.0372 0.1677
2/2 0.0256 0.0337 0.1574
3/3 0.0254 0.0294 0.1194
3/22 0.0218 0.0258 0.1291
3/23 0.0213 0.0213 0.1179
6/6 0.0183 0.0345 0.2144
6/7 0.0180 0.0342 0.2141
6/22
6/23 0.0231 0.0271 0.1937
6/27 '
7/6 0.0147 0.0187 0.1877
7/12 0.0299 :
7/20 0.0129 0.0089 0.1308
7/26
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOFP OF _CONCRETE
0'-6" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE |temp ) .
spacing | movement stram spacing | movement| strain
1977 [10/4 | 96 | 0.8203 0.8567
/5 | 92 | _0.8230 +0.0027 +0.0033 0.8584 +0.0017 | +0.0020
10/6 | 93 | _0.822] 0.0018 0.0022 0.8589 0.0022 0.0026
110/13/ 88 | 0,8258 9.0055 0.0067 0.8592 | 0.0025 0.0029
11/9 | 84| 0.8221 0.0018 0.0022 || _0.8552 -0.0015 | -0.0018
117101 80| 0.8258 0.0055 0.0067 0.8620 | +0.0053 | +0.0062
12/131 491 0.8262 0.0059 0.0072 0.8592 0.0025 0.0029
112/14 | 52 | 0.8260 0.0057 0.0069 | 0.8587 0.0020 0.0023
12/15| 46 | 0.8278 0.0075 0.0091 | 0.8597 0.0030 | 0.0035
1978 [2/2 36 | 0.8289 0.0086 0.0105 | 0.8592 0.0025 0.0029
3/3 42 | 0.8253 0.0050 0.0061 || 0.8550 -0.0017 | -0.0020
3/22 | 60| 0.8175 -0.0028 -0.0034 | 0.8513 -0.0054 | -0.0063
13/23 | 50 | 0.8165 -0.0038 -0.0046 | 0.8510 -0.0057 | -0.0067
6/6 | 79| 0.8110 | -0.0093 | -0.0113 I 0.8480 -0.0087 | -0.0101
6/7 761 0.8110 -0.0093 -0.0113 | 0.8473 -0.0094 | -0.0109
6/22 | 87 | 0.8071 -0.0132 -0.0161 || 0.8448 | -0.0119 | -0.0139
6/23 | 88 | 0.8063 -0.0140 -0.0171 0.8434 | -0.0128 | -0.0149
6/27 | 94 | 0.8046 -0.0157 -0.0190 0.8387 -0.0180 | -0.0210
7/6 98 | 0.8003 -0.0200 -0.0244 | '
7/12 100 | 0.7978 | -0.0225 | -0.0274
7/20 |98 | 0.8003 | -0.0200 | -0.0244
7/26 198 | 0.8012 | -0.0191 -0.0233 |
il
1
!
|
|
|
i
1
|
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF _CONCRETE
3'-6" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/IDE OF JOINT
DATE temp ) - , .
| _spacing | movement strain spacing | movement| Sstrain
1977 (10/4 96 0.8599 0.8707
10/5 | 92 0.8651 +0.0052 +0.0060 0.8736 +0.0029 +0.0033
10/6 93 0.8651 0.0052 0.0060 0.8739 0.0032 0.0037
110/13 | 88 0.8630 0.0031 0.0036 0.8751 0.0044 0.0051
11/9 84 | 0.8625 0.0026 0.0030 0.8724 0.0017 0.0020
1110} 80 0.8635 0.0036 0.0042 '0.8756 0.0049 0.0056
12/13 | 49 0.8672 0.0073 0.0085 || 0.8780 0.0073 0.0084
12/14 | 52 | 0.8679 0.0080 0.0093 | 0.8767 0.0060 0.0069
12/15 1 46 0.8681 0.0082 0.0095 || 0.8769 0.0062 0.0071
1978 (2/2 36 0.8700 0.0101 0.0117 0.8795 0.0088 0.0101
3/3 42 0.8665 0.0066 0.0077 ’ 0.8767 0.0066 0.0069
3/22 60 | 0.8616 0.0017 0.0020 || 0.8729 0.0022 0.0025
13/23 50 | 0.8609 0.0010 0.0012 i 0.8722 ! 0.0015 0.0017
16/6 79 1 0.8560 -0.0039 -0.0045 j_ 0.8691 -0.0016 -0.0018
6/7 _76 | 0.8560 -0.0039 -0.0045 i 0.8681 -0.0026 | -0.0029
6/22 1 87 | 0.8520 -0.0079 -0.0092
6/23 88 0.8520 -0.0079 -0.0092 0.8656 -0.0051 -0.0059
6/27 94 | 0.8485 -0.0114 -0.0132 0.8613 | -0.0094 -0.0108
7/6 98 0.8431 -0.0168 -0.0196 | 0.8567 -0.0140 -0.0161
7/12 100 | 0.8417 -0.0182 | -0.0211 | 0.8557 -0.0150 -0.0172
7/20 1981 0
7/26 98 0.8337 -0.0262 -0.0305 § 0.8540 -0.0167 | -0.0192 |

|

.8417 -0.0182 -0.0211 | .
|
|




1977

1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS

THREE LAVERED STeETEM~-TORP QF

CONCRETE

8'-6" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/IDE OF JOINT
DATE lemp - : —= -
| _spacing movement Strain spacing | movemeént strain
10/4 | 96 0.,9394
110/5 1 92 0.9449 +0.0055 +0.0059
10/6 1 93 | 0.9468 0.0074 0.0079
10/13 | 88 | 0.9512 0.0118 0.0126
11/9 | 84 | 0.9379 -0.0015 -0.0016
117101 80 0.9439 +0.0045 +0.0048
12/13] 49 0.9498 0.0704 0.0111
12/14 152 0.9485 0.0091 0.0097
12/151 46 0.9498 0.0104 0.0111
2/2 36 0.9502 0.0108 0.0115
3/3 42| 0.9482 0.0088 0.0094 |
3/22 60 | 0.9462 0.0068 0.0072
13/23 | 50 | 0.9382 -0.0012 -0.0013
6/6 | 79 | 0.9482 +0.0088 +0.0093
6/7 76 0.9446 0.0052 0.0055 !__
l6/22 1 87 |_0.9452 0.0058 0.0062 |
6/23 83 0.9446 0.0052 0.0055
6/27 194 0.9439 0.0045 0.0048
7/6 98 0.9439 0.0045 0.0048
7/12 100 | 0.9459 0.0065 0.0069
7/20 |98 | 0.9345 -0.0049 0.0052 |
7/26 | 98 ' !
|
T
|
|
J
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY [-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF _CONCRETE
11'-9" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE |temp , : :
spacing | movement strarin spacing | movement| strain
1977 [10/4 | 96 0.8906

10/5 | 92 0.8952 +0.0046 | +0.0052
10/6 | 93 0.8952 0.0046 | 0.0052
10/13| 88 0.8932 0.0026 0.0029
11/9 | 84 | 0.8932 0.0026 0.0029
117101 80 I 0.8966 0.0060 0.0067
12/13| 49 | 0.8952 0.0046 0.0052
112/14 | 52 | 0.8952 0.0046 0.0052
12/15| 46 | 0.8958 0.0052 | 0.0058
1978 |[2/2 36 0.8952 0.0046 0.0052
3/3 42 0.8924 0.0018 0.0020
3/22 | 60 0.8901 -0.0005 | -0.0006
3/23 | 50 0.8904 -0.0002 | -0.0002
6/6 | 79 | _ | 0.8646 | -0.0260 | -0.0291
6/7 76 | 0.8649 -0.0257 | -0.0288
6/22 | 817 1 0.8611 -0.0295 | -0.0331
6/23 | 88 0.8604 -0.0302 | -0.0339
6/27 | 94 0.8555 -0.0351 | -0.0394
7/6 98 ! 0.8518 -0.0388 | -0.0435
7/12_]100 | 0.8475 -0.0431 | -0.0484
7/20 | 98 | 0.8448 -0.0458 | -0.0514
7/26 |98 | - | 0.8456 -0.0450 | -0.0505

I

|

i

|

1

1

|

il

|

|
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF _QPEN GRADE
0'-6" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST SIDE OF JOINT
DATE (temp 5 ) , :
spacing | movement strain spacing | movement| Sstrain

1977 |10/4 [101 3.8745

. 10/5 | 85 3.8806 +0.0061 +0,0016
10/6 | 86 3.8826 0.0081 0.0021
10/13 178 3.8585 -0.0160 -0.004]
11/9 | 80 3.8545 -0.0200 -0.0052
11/101°73 3.8765 +0.0200 +0.0052
12/13 | 51 3.8846 0.0101 0.0026
12/14 | 52 3.8867 0.0122 0.0031
12/15] 46 3.8867 0.0122 0.0031

1978 |(2/2 36 3.8786 0.0041 0.0011
3/3 42 I 3.8585 -0.016] -0.0041
3/22 | 50 | 3.8685 | -0.0060 | -0.0015
3/23 | 60 | 3.8685 [-0.0060 | -0.0015
6/6 |105 3.8990 +0.0245 +0.0063
6/7 81 3.8846 0.0107 0.0026
6/22 |102 3.8786 0.0041 0.0011
6/23 | 94 3.8786 0.0041 0.0011
6/27 1113 3.8826 0.0081 0.0021
7/6 (109 3.8806 0.0061 0.0016
7/12 1116
7/20 | 99 1 3.8625 -0.,0120 -0,0031
7/26 | 99 . i




1977

1978

VERTICAL SPACINGS, MOVEMENTS, & STRAINS

INTERSTATE HIGHWAY [-30 BENTON, ARKANSAS

THREE LAYERED SYSTEM-TOP OF _OPEN GRADE

2'-6" FROM EDGE OF PAVEMENT

DATE

| WEST SIDE _OF JOINT

lremp,

__EAST _SIDE_OF JOINT

spacing |movement strarn spacing | movement| strain
10/4 1101 | 4.0096
10/5 | 85| 4.0266 | +0.0170 | +0.0042
10/6_| 86 | 4.0266 0.0170 0.0042
10/13| 78 | 4.0168 0.0072 0.0018
11/9 1 80| 3.9930 | -0.0166 | -0.0041
11/10| 73 | _4.0120 | +0.0024 | +0.0006
12/13| 51 | 4.0290 0.0194 0.0048
12/14 | 52 | 4.0290 0.0194 0.0048
12/15] 46 | 4.0290 0.0194 0.0048
2/2 36 | 4.0241 0.0145 0.0036
3/3__| 42| 4.0120 0.0024 0.0006 |
3/22 | 50 | 4.0120 0.0024 0.0006
13/23 | 60| 4.0120 0.0024 0.0006
6/6 |105_| _4.0266 0.0170 0.0042
6/7 81 | 4.0266 0.0170 0.0042 |
6/22 1102 | 4.0144 0.0048 0.0012 |
6/23 | 94| 4.0120 0.0024 0.0006_|
6727 1113 | 4.0120 0.0024 0.0006 |
7/6 1109 | 4.0024 | -0.0072 | -0.0018 |
7/12 116 3.9977 | -0.0119 | -0.0030 |
7/20 | 99| 3.9883 | -0.0213 | -0.0053 |
7/26 | 991 3.9930 | -0.0166 | -0.0041 |
|
I
|
- f} _—
|
L i
= _ ll
l
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1947

1978

THREE

VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS

LAYERED SYSTEM-TOP OF _OPEN GRADE

3'-6" FROM EDGE OF PAVEMENT

WEST S/IDE OF JOINT EAST SIDE OF JOINT
DATE |temp i ; - _ ) ;

spacing | movement strain spacing | movement| strain
10/4 1101 4.4192 4.1279
10/5 85 4.4625 +0.0433 +0.0098 4.1543 +0.0264 +0.0064
10/6 86 4.4625 0.0433 0.0098 | 4.1543 0.0264 0.0064
10/13 1 78 | 4.4490 0.0298 0.0067 4.1279 0.0000 0.0000
11/9 80 4.4225 0.0033 0.0007 4.1179 -0.0100 -0.0024 |
11/10| 73 4.3966 -0.0226 -0.0051 4.1520 +0.0241 +0.0058
12/131 51 | 4.4795 +0.0603 +0.0136 | 4.1588 0.0309 E 0.0075
12/14 ] 52 4.4761 0.0569 .0.0129 f 4.1588 0.0309 | 0.0075
12/15] 46 | 4.4761 0.0569 0.0129 4.1588 0.0309 0.0075
2/2 36 [ 4.4692 0.0500 0.0113 4.1353 0.0074 0.0018
13/3 42 | 4.4557 0.0365 0.0083 4.1329 0.0050 0.0012
13/22 | 50 | 4.4524 0.0332 0.0075
3/23 | 60| 4.4490 | 0.0298 0.0067 | 4.1204 -0.0075 -0.0018
16/6 105 4.4659 0.0467 0.0106 ' - 4.1279 0.0000 0.0000
6/7 81 4.4659 0.0467 0.0106 | 4.1254 -0.0025 -0.0006
6/22 |102 | 4.4524 0.0332 0.0075 | 4.1229 -0.0050 -0.0012
6/23 94 4.4591 0.0399 0.0090 4.1179 -0.0100 -0.0024
6/27 (113 4.4457 0.0265 0.0060 I 4.1128 -0.0151 -0.0036
7/6 |109 4.4127 -0.0065 -0.0015 || 4.0540 -0.0739 -0.0179
7/12 j11€ | 4.3683 -0.0509 -0.0115 || 4.0743 -0.0536 -0.0129
7/20 | 99 | 4.3233 -0.0959 -0.0217 f__ﬁ;0217 -0.1062 | -0.0257
7/26 99 4.3469 -0.0723 -0.0164 | 4.0718 -0.0561 { -0.0136

i
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF _OPEN GRADE
6'-0" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE (temp ) — , A ~ .
spacing | movement Strarm spacing | movement| strain
1977 [10/4 (101 | 4.9466 4.6782
10/5 | 85| 5.0119 | +0.0653 | +0.0132 4.7374 | +0.0592 | +0.0127
10/6 | 86| 5.0119 0.0653 0.0132 | 4.7415 | 0.0633 0.0135
10/13| 78 | 4.9763 0.0297 0.0060 | 4.6782 | 0.0000 0.0000
11/9 | 80 | 4.9564 0.0098 0.0020 | 4.6629 |-0.0153 | -0.0033
11/10] 73 | _5.0016 0.0550 0.0111 Il 4.6976 |+0.0194 | +0.0041
12/13| 51 | 5.0431 0.0965 0.0195 ||_4.7334 | 0.0552 0.0118
12/14| 52 | 5.0431 0.0965 0.0195 | 4.7415 | 0.0633 0.0135
12/15] 46 | 5.0379 0.0913 0.0185 || 4.7537 0.0755 0.0161
1978 [2/2 36 | 5.0327 0.0861 0.0174 | 4.7456 | 0.0674 0.0144
: 3/3 42 | _5.0068 0.0602 0.0122 || 4.7254 | 0.0472 0.0101
3/22 | 50| 5.0034 | 0.0568 0.0115 | _4.7254 | 0.0472 0.0101
3/23 | 60| _5,0084 0.0618 0.0125 14,7254 | 0.0472 0.0101
6/6__|105 | 5.0508_ | 0.1042 0.0211 i_4.7829 | 0.1047 | 0.0224
6/7__ | 81| 5.0508 | 0.1042 0.0211 || 4.7829 | 0.1047 '0.0224
6/22 1102 | _5.0610 0.1142 0.0231 | 4.7713 0.093] 0.0199
6/23 | 94| 5. 0508__|_0.1042 Q.0211 ) _4.7713 | 0.0931 0.0199
6/27 1113 | 5.0508 0.1042 0.0211 4.7683 | 0.0901 0.0192
12/6__ 1109 | 5.0508 0.1042 0.0211 | 4.7624 | 0.0842 0.0180
7/12 116 | 5.0627 0.1161 0.0234 | 4.7772 | 0.0990 0.0212
7/20 | 99| 5.0270 0.0804 0.0162 ! 4.7535 | 0.0753 | 0.0161
7/26 | 99 | 5.0440 0.0974 0.0197 | |
|
!
N | 1
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY [-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF _OPEN GRADE
8'-6" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE \temp : - S ;
L spacing | movemen/ strain spacing | movement| strain
1977 [10/4 1101 | 4.3147 5.0858
10/5 | 85| 4.362] +0.0474 | +0.0110 || 5.1687 [+0.0829 | +0.0163
10/6 | 86 | 4.362] 0.0474 0.0110 | 5.1687 | 0.0829 0.0163
10/13| 78 | 4.3439 0.0292 0.0068 | 5.1351 0.0493 0.0097
11/9 | 80 | 4.2921 -0.0226 | -0.0052 | 5.1407 | 0.0549 0.0108
11/10| 73 | 4.3350 | +0.0203 | +0.0047 | 5.1631 0.0773 0.0152
12/13] 51 | 4.3808 0.0661 0.0153 || 5.2145 | 0.1287 0.0253
12/14| 52 | 4.3745 0.0598 0.0139 | 5.2145 | 0.1287 0.0253
12/15| 46 | 4.3839 0.0692 0.0160 | 5.2087 | 0.1229 0.0242
1978 (272 | 36| 4.3776 0.0629 0.0146 | 5.2029 | 0.1171 0.0230
3/3__1 42| 4.362] 0.0474 0.0110 || 5.1744 0.0886 0.0174
3/22 | 50| 4.2839 | -0.0308 | -0.0071 | 5.1744 | 0.0886 0.0174
13/23 | 60 |_4,2517 | -0.0630 | -0.0146 | 5.1687 | 0.0829 0.0163
6/6__ 105! 4.3090 | -0.0057 | -0.0013 | 5.1744 | 0.0886 0.0174
6/7 1 81! 4.3090_ | =0.0057 | _-0.0013 | 5.1744 | 0.0886 0.0174
6/22 [102_ % 5,2087_| 0.1229 0.0242
6/23 | 94| 4.3469 | +0.0322 | +0.0075 | 5.1972 | 0.1114 0.0219
6/27 1113 | 5.1972 | 0.1114 0.0219
7/6_ 1109 | 4.3439 0.0292 0.0068 Il 5.1915 | 0.1057 | 0.0208
7/12 1116 | 4.3998 0.0851 0.0197 | 5.1915 | 0.1057 0.0208
7/20 1 99| 4.2812 | -0.0335 | -0.0077 | 5.1631 0.0773 0.0152
7/26 | 99 | 5.1687 0.0829 0.0163
i
i
|
|
! B
!
i
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TORP OF _QPEN GRADE
11'-9" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST SIDE OF JOINT

ODATE (temp ) 7 _ A _

spacing | movemeént strarn spacing | movement| strain
1977 10/4 1101 3.5509

10/5 | 85 3.5730 | +0.0221 | +0.0062
10/6 | 86 3.5730 0.0221 0.0062
10713 78 3.5169 0.0110 | 0.0031
11/9 1 80 3.5477 | -0.0032 | -0.0009
11/10] 73| |_3.5714 | +0.0205 | +0.0058
12/13| 51 | _3.5825 0.0316 | 0.0089
12/14 ] 52 L 3.5841 0.0332 | 0.0093
12/15]_46 3.5825 0.0316 | _0.0089
1978 (2/2 | 36 3.5793 0.0284 | 0.0080
3/3_ | 42 | 3.5730 0.0221 0.0062
3/22 | 50 | 3.5746 0.0237 | 0.0067
3/23 | 60 | 3.5730 0.0221 | 0.0062
6/6__ 105 | 3.5952 0.0443 | 0.0125
6/7 | 81 ] |__3.5952 0.0443 | 0.0125
6/22 1102 |__3.5936 0.0427 | 0.0120
6/23 | 94 3.5936 0.0427 0.0120
6/27 [113 |__3.5952 0.0443 0.0125
7/6_ 1109 | 3.5968 | 0.0459 | 0.0129
7/12 |16 |_3.5793 0.0284 | 0.0080
7/20 | 99 l__3.5904 0.0395 0.0111
7/26 | 99 |_3.5920 0.0411 0.0115
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE  HIGHWAY 1-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF BINDER
0'=6" FROM EDGE OF PAVEMENT

DATE |temp WEST SIDE OF JOINT EAST SIDE OF JOINT
spacing | movement Strain spacing | movement| strain
1977[10/4 | 98 4.3439
110/5 | 82. 4.3560 +0.0121 | +0.0028 |
10/6 | 80 4.3560 0.0121 0.0028
110/13] 838 | 4.3291 -0.0148 | -0.0034
11/9 | 83 4.3175 -0.0264 | -0.0061
11/10| 81 4.3321 -0.0118 | -0.0027
12/13! 55 : I 4.3591 +0.0152 | +0.0035
12/14] 52| | 4.3591 0.0152 | 0.0035
12/15| 45 4.3020 -0.0419 | -0.0096
. 1978(2/2 36 4.3233 -0.0206 | -0.0047
13/3_|_42 4.3410 -0.0029 | -0.0007
13/22 | 57 4.3410 -0.0029 | -0.0007
13/23 | 68 | 4.3350 | -0.0089 | -0.0020
6/6 105 I 4.3500 +0.0061 | +0.0014
6/7 | 81 | 4.3621 | . 0.0182 | 0.0042
6/22 1116 | 4.3262 -0.0177 | -0.0041
6/23 {100 4.3380 -0.0059 | -0.0014
6/27 |132 |
7/6 _|120 | 4.3380 | -0.0059 | -0.0013
| 7/12_|132 ‘
7/20 1100 | |
7/26 |100 | 4.3204 -0.0235 | -0.0054
i !
|
i
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VERTICAL SPACINGS, MOVEMENTS, 8 STRAINS
INTERSTATE HIGHWAY [-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF __BINDER

DATE | temp| EST_SIDE_OF JOINT _ W ' | [
spacing | movemeént Strain spacing | movement| Strain
1977(10/4 98 4.1026 4.2597
10/5 82| 4.1204 +0.0178 +0.0043 4.2730 +0.0133 +0.0031
10/6 | 80| 4.1204 0.0178 0..0043 4,2812 0.0215 0.0050
10/13] 88 4.1051 0.0025 0.0006 4.2517 -0.0080 -0.0019
11/9 83 4.0897 -0.0129 -0.0031 4.2280 -0.0317 -0.0074
111/10]_81|_4.1077 +0.0051 +0.0012 4.2544 -0.0053 -0.0012
12/13] 55| 4.1254 0.0228 0.0056 4.2812 +0.0215 | +0.0050
12/14] 521 4.1229 0.0203 0.0049 || 4.2812 0.0215 0.0050
12/15] 45 4.1229 0.0203 0.0049 || 4.2839 0.0242 0.0057
.197812/2 36 4.1204 0.0178 0.0043 || -+ 4.2757 0.0160 0.0038
13/3 | 42| 4.1128 0.0102 0.0025 4.2650 0.0053 0.0012
3/22 | 57| 4.1128 0.0102 0.0025 4.2757 0.0140 0.0033
3/23 | 68|  4.1027 0.0051 0.0012 | 4.2650 0.0053 0.0012
6/6 |105]| 4.0718 -0.0308 -0.0075 | 4.1566 | =0.1031 | -0.0242
6/7 81| 4.0718 -0.0308 -0.0075 1 4.1566 | -0.1031 | -0.0242
16/22 |116 | 4.0540 -0.0486 -0.0118 || 4.2065 -0.0532 | -0.0125
6/23 {100 4.0489 -0.0537 —0.0l3li 4.2010 -0.0587 -0.0138
16/27 11321 4.0464 -0.0562 -0.0137 || 4.1925 -0.0672 | -0.0157
7/6__|120| 4.0241 -0.0785 -0.0191 || 4.1717 -0.0880 | -0.0206
7/12 1132 | 4.0217 -0.0809 -0.0197 || 4.1632 -0.0965 | -0,0226
7/20 |100|_4.0024 | -0.1002 | -0.0244 | 4.1353 | -0.1244 | -0.0292 |
7/26 1100 4.0072 -0.0954 -0.0232 |
I
I
! |
|
|
|
l

2'-6" FROM EDGE OF PAVEMENT

EAST SIDE OF JOINT




VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY [/-30 BENTON, ARKANSAS

THREE

LAYERED SYSTEM-TOP OF

BINDER

3'-6" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT
DATE \temp ; : : ;
spacing | movemeént strain spacing | movement| Sstrain
1977[10/4 | 98| 3.9348 4.0439
110/5 | 821 3.9566 +0.0218 +0.0055 4.0718 +0.0279 | +0.0069__|
10/6 | 80| 3.9588 0.0240 0.0061 4.0769 0.0330 0.0082
10/13| 88| 3.9478 0.0130 0.0033 4.0464 0.0025 0.0006
11/9 | 83| 3.9326 -0.0022 -0.0006 || __4.0339 . -0,0100 | -0.0025
11/10| 81| 3.9478 +0.0130 +0.0033 | 4.0692 +0.0253 | +0.0063
12/13| 55| 3.9522 | 0.0174 0.0044 | 4.0897 0.0458 0.0113
2/14) 521 3.9566 0.0218 0.0055 | 4.0872 0.0433 0.0107
12/15| 45| 3.9633 0.0285 0.0072 4.0872 0.0433 0.0107
~1978(2/2 36| 3.9544 0.0196 0.0050 4.0667 0.0228 0.0056
13/3 | 42| 3.9010 -0.0338 -0.0086 4.0616 0.0177 0.0044
13/22 | 57| _3.9478 +0.0130 +0.0033
13/23 | 68| 3.9434 0.0086 0.0022 I 4.0540 0.0101 0.0025
6/6_ 1105 ] 3.8969 -0.0379 -0.0096 || 4.0072 -0.0367 | -0.0091
6/7 81| 3.8969 -0.0379 -0.0096_! _4.0072 -0.0367 | -0.0091 _
6/22 |116_| 4.0024 | =0.0415 | -0.0103
6/23 |100| 3.8685 -0.0663 -0.0168 4.0048 -0.0391 | -0.0097
6/27 (132 __3.9930 -0.0509 | -0.0126
7/6 120 | 3.9177 -0.1262 | -0.0312
7/12_ {132 ! 3.9566 | -0.0873 | -0.0216
7/20 ]100 | |__3.9094 -0.1345 | -0.0332
7/26 1100 | 3.9655 -0.0784 | -0.0194
i
|
|

240
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-T0P OF BINDER
4'-6"" FROM EDGE OF PAVEMENT

P

WEST SIDE OF JOINT EAST SIDE OF JOINT
OATE \temp - X _ i )
spacing | movemeént strarn spacing | movement| strain
1977[10/4 | 98 4.1179
|10/5 | 82 4.1474 | +0.0295 | +0.0072 |
10/6 | 80 4.1474 0.0295 0.0072
10/13| 88 4.1353 0.0174 0.0042
11/9 | 83| 4,1128 -0.0051 | -0.0012
11/10| 81 4.1426 +0.0247 | +0.0060
12/13|_55 4.1632 0.0453 0.0110
12/14! 52 4.1632 0.0453 0.0110 |
112/15] 45 | 4.1632 0.0453 | 0.0110
21978(2/2 | 36 | 4.1588 0.0409 0.0099
3/3 | 42 | 4.1497 0.0318 | 0.0077
13/22 | 57| I 4.1520° 0.0341 0.0083
3/23 | 68 L 4.1474 0.0295 0,0072
6/6 | 105 |__4.1204 0.0025 | 0.0006
6/7 81 l 4.1204 0.0025 0.0006
6/22 1116 4.1026 -0.0153 | -0.0037
6/23 1100 4.0975 -0.0204 | -0.0050
16/27 1132 |__4.0949 | -0.0230 | -0.0056
7/6 120 | 4.0743 | -0.0436 | -0.0106
7/12 1132 | 4.0692 -0.0487 | -0.0118
7/20_ 1100 | | _4.0540 | -0.0639 | -0.0155
7/26_| 100 |__4.0565 -0.0614 | -0.0149
|
|
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY 1-30 BENTON, ARKANSAS
THREL LAYERED SYSTEM-TOP OF _ BINDER
6'-0" FROM EDGE OF PAVEMENT

WEST S/DE OF JOINT EAST S/IDE OF JOINT
DATE (temp ) , ,
spacing | movement strain spac/ng | movement| strain
197710/4 98 3.2140 3.2700
110/5 82| 3.2277 +0.0137 +0.0043 3.2882 +0.0182 | +0.0056 |
10/6 §0 3.2277 0.0137 0.0043 3.2882 0.0182 0.0056
10/13, 88 3.2174 0.0034 0.0011 3.2664 -0.0036 | -0.0011
11/9 83| 3.2128 -0.0012 -0.0004 || 3.2593 -0.0107 | -0.0033
111/10| 81| _3.2208 +0.0068 +0.0021 | 3.2736 +0.0036 | +0.0011
12/13| 55 3.2276 0.0136 0.0042 i 3.2882 0.0182 0.0056
12/14! 52 3.2276 0.0136 0.0042 | 3.2931 0.0231 0.0071
12/15] 45 3.2276 0.0136 0.0042 | 3.2943 0.0243 0.0074
1978(2/2 36 3.2227 0.0087 0.0027 3.2894 0.0194 0.0059
- 3/3 42 3.2227 0.0087 0.0027 3.2882 0.0182 0.0056
k 3/22 57| 3.2227 0.0087 0.0027 3.2882 0.0182 0.0056
3/23 | 68| 3.2227 0.0087 0.0027 1 3.2857 0.0157 0.0048
6/6 105 3.2276 0.0136 0.0042 | 3.2918 0.0218 0.0067
6/7 | 81, 3.2276 0.0136 0.0042 | 3.2918 0.0218 0.0067
6/22 116! 3.2178 0.0038 0.0012 | 3.2821 0.0121 0.0037
6/23 |100 3.2178 0.0038 0.0012 || 3.2809 0.0109 0.0033
16/27 132 3.2178 0.0038 0.0012 | 13,2785 =0.0085 =0.0026
7/6 120 3.2034 -0.0106 -0.0033 || 3.2688 -0.0012 -0.0003
1 7/12 |132] 3.2130 -0.0010 -0.0003 | 3.2676 -0.0024 | -0.0007
7/20 [100| 3.2034 -0.0106 -0,0033 | 3.2581 =0.0119 | -0.0036 |
7/26 |100! 3.2034 | -0.0106 | -0.0033 |
| l
| L




243

VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOP OF __BINDER
8'-6" FROM EDGE OF PAVEMENT

——

DATE |temp WEST S/IDE _OF JOINT EAST SIDE OF JOINT
spacing | movement Strain spacing | movement| Sstrain
1977(10/4 | 98| 4.1566 4.4795
110/5 | 82| 4.1925 +0.0359 +0.0086 4.5245 +0.0450 | +0.0100
10/6 | 80| 4.1897 0.0331 0.0080 4.5175 0.0380 0.0085
10/13] 88| 4.1717 0.0151 0.0036 4.4966 0.0171 0.0038
11/9 | 83| 4.1543 -0.0023 -0.0006 4.4761 -0.0034 | -0.0008
11/10]| 81| 4.1778 +0.0212 +0.0051 | 4.5175 +0.0380 | +0.0085
12/13] 55| 4.2119 0.0553 0.0133 4.5527 0.0732 0.0163
12/141 501 4.2065 0.0499 0.0120 4.5492 0.0697 0.0156
12/15] 45| 4.2065 0.0499 0.0120 4.5492 0.0697 0.0156
.197812/2 36| 4.1982 0.0416 0.0100 4.5456 0.0661 0.0148
3/3 42| 4.1897 0.0331 0.0080 4.5350 0.0555 0.0124
3/22 | 57| _4.1654 0.0088 0.0021 ||  4.5492 0.0697 0.0156
3/23 | 68| 4.1566 0.0000 0.0000 | 4.5421 0.0626 0.0140
6/6 1105 | 4.0339 -0.1227 -0.0295 | 4.5778 0.0983 0.0219
6/7 8l 4.0339 -0.1227 -0.0295 | 4.5778 0.0983 0.0219
6/22 |116 4.5959 0.1164 0.0260
6/23 |100 | 4.3469 +0.1903 +0.0458 || 4.5959 0.1164 0.0260
/37 1132 | 4.6032 0.1237 | 0.0276
7/6 120 | _4.0820 -0.0746 -0.0179 | 4.6032 0.1237 0.0276
1 7/12 |132| 4.0667 -0.0899 -0.0216 | 4.5886 0.1091 0.0243
7/20 1100 4.1128 -0.0438 -0.0105 ! 4.5886 0.1091 0.0243
7/26_1100 | 4.5923 0.1128 0.0252
1
l
1 |
| |
|
|
i
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VERTICAL SPACINGS, MOVEMENTS, & STRAINS
INTERSTATE HIGHWAY /1-30 BENTON, ARKANSAS
THREE LAYERED SYSTEM-TOPRP OF BINDER
11'-9" FROM EDGE OF PAVEMENT

WEST SIDE OF JOINT EAST SIDE OF JOINT

OATE |temp X : :

spacing | movemeént strain spacing | movement| Sstrain
1977110/4 | 98| 5.5709 5.2260
0/5 | 82| 5.6564 | +0.0085 | +0.0153 5.2959 | +0.0699 | +0.0134
10/6 | 80| 5.6731 0.1022 0.0183 5.2980 0.0720 0.0138
10/13]| 88| 5.6163 0.0454 0.0081 5.2506 0.0246 0.0047
11/9 | 83| 5.5562 | -0.0147 -0.0026 5.2307 0.0047 0.0009
(11/10| 81| 5.6902 | +0.1193 | +0.0214 5.3126 0.0866 0.0166
12/13| 55! 5.7160 0.1451 0.0260 5.3392 0.1132 0.0217
112/14] 52| 5.7239 0.1530 0.0275 | 5.3392 0.1132 0.0217
12/15] 45| 5.7213 0.1504 0.0270 5.3392 0.1132 0.0217
~1978(2/2 36| 5.6976 0.1267 0.0227 5.3331 0.1071 0.0205
3/3 42| 5.6538 0.0829 0.0149 5.3088 0.0828 0.0158
13/22 | 57| 5.6743 | 0.1034 0.0186 | 5.3149 0.0889 0.0170
3/23 | 68| 5.6236 0.0527 0.0095 | 5.3088 0.0828 | 0.0158
6/6_ |105] 5.6361 0.0652 0.0117 | 5.3826 0.1566 | 0.0300
6/7 | 81! 5.6361 0.0652 0.0117 | _5.3826 0.1566 | 0.0300
6/22 |116 | 5.3639 0.1379 0.0264
6/23 |100 5.3577 0.1317 0.0252
l6/27 1132] 5.6976 0.1267 0.0227 5.3577 0.1317 0.0252
7/6 120 | 5.3270 0.1010 0.0193
1 7/12 |132| 5.8527 0.2818 0.0506 ! 5.4335 ! 0.2075 0.0397
7/20 1100 | 5.3088 0.0828 | 0.0158
7/26 1100 | 5.3270 0.1010 0.0193
|
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THREE LAYERED SYSTEM

Horizontal Spacings, Movements and Strains
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