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FOREWORD

.The information contained herein was developed on Research Study
2-9-79-240 titled "Fly Ash Experimental Projects" in a cooperative
research program with the Texas State Department of Highways and
Public Transportation and the U.S. Department of Transportation,
Federal Highway Administration.

This report was taken from a Master of Science thesis by Shah M.
Alam titled "Equations for Predicting the Layer Stiffness Moduli in
Pavement Systems Containing Lime-Flyash Stabilized Materials" (May
1984, Texas A&M University).

This is the fourth report on this study. The first three reports
are:

204-1 "Analysis of Fly Ashes Produced in Texas" January 1981

204-2 ‘“Construction of Fly Ash Test Sites and Guidelines for

Construction" October 1981
204-3 "Preliminary Evaluation of Fly Ash Test Sites Using Static

and Dynamic Deflection Systems" April 1983
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ABSTRACT

In this study, a new approach for characterizing the stress-strain
behavior of n-layer 1ime-flyash stabilized pavement structures from the -
Qynaf]ect measured field deflections was.deVe1oped. This method employed
a simplified form of elastic theory and utilized the J0 Bessel functions.
With this approach, the need for the mathematical integration of complex
expressions involving Bessel functions, typically used in the multi-layered
elastic theory, is eliminated. This in turn results in very significant
- savings in the computational costs and, therefore, makes it practicable to
analyze a large number of field measurements and to infer the stiffneﬁs modulus
.of the layers with reasonable accuracy.

The method was used to evaluate the structural strengths of 43 pavement
sections 1ocatéd at eight test sites on the staté highways of Texas.

The results have shown that flyash, by itself, was generally ineffective in
promoting stiffness gains in Tow PI clayey soils, but provided effective
structural support when used with 1Time. The optimum Time-flyash ratios
found, for Tow PI'c1ayey soils, were 0.08 to 0.5 (by weight) using a minimum
of 2% lime.

For vererow PI coarse sandy soil, stabilization with 'flyash only'

(20 to 40% by weight) was very effective and resU]ted in substantial stiffness
gains in the base layers of all the sections.

The effect of time on the stabilized Tayers of the test sections was
also studied in this thesis. The time study has indicated that the testing
temperature and the pavement-maisture have a significant effect on the
. computed stiffness of the layers. The resu]té have shown a progressive

stiffening of some of the test sections. For low PI clayey soils, the optimum



Time-fTyash ratios for Tong. term stiffness gains were found to be 0.08
to 0.5 using a minimum of 2% 1ime. For very low PI coarse sandy soils, 20 -

to 40% flyash with no lime, was found effective.

IMPLEMENTATION STATEMENT

The simpTified method of approximating the Dynaflect loading scheme
discussed in this report affords a reliable, inexpensive method for determining
in situ stiffness moduli. Constants for the "Russian model™ used to predict
the basin shape were developed in this report for Time-flyash stabilized |
pavement Tayers.

The researchers recommend incorporation of this "Russian® deflection
.modeT.in the Texas FPS desiagn and evaluation approach when paﬁements with

Time-flyash layers are encountered in flexible pavements,

Based on the results of this study, or a general rule, lime should be

stabilization of fine grained soils. -
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SUMMARY

In this study, a new approach fof characterizing the stress-strain
behavior of n-layer 1ime-flyash stabilized pavement structures from the
Dynaflect measured field deflections was developed. This method employed a
“simplified form of elastic theory and utilized the JO Bessel functions. With
this approach, the need‘fof the mathematical integration of complex expressions
involving Besseﬁf@hﬁi&hns;typiCal]yused in the hu1ti-1ayered elastic theory,
-is eliminated. This in turn results in very significant savings in the
computational costs and, therefore, makes it practicable to analyze a large
- number of field measurements and to 1nfer the stiffness modulus of the Tayers
with reasonable accuracy. |

Thé method was used to evaiuate the structurail strengths of 43 pavement
sections Tocated at -eight test sites on the state highways of Texas.

The results have shown that flyash, by itself, was generally ineffective
in promoting stiffness gains in low PI c1ayey soils, but provided effective
structural support when used with lime. The optimum 1ime-flyash ratios found,
for low PI clayey soils, were 0.08 to 0.5 (by weight) using a minimum of 2%
lime. |

For very'1ow PI coarse sandy soil, stabi]iiation with 'flyash only’

(20 to 40% by weight) was very effective and resulted in substantial stiffness

- gains in the base Tayers of all the sections.
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The effect of time on the stabilized layers of the test sections was
also studied in this thesis. The time study.has indicafed that the testing
temperature and the pavement moisture have a significant effect_oﬁ the com-
puted stiffnesses of the layers. The results have shown a pfogf‘essive
stiffening of some of the test sections. For Tow PI clayey soi]é, the
optimum lime-flyash ratios for long term stiffness gains were found to be
0.08 to 0.5 using a minimum of 2% 1ime. For very low PI coarse sandy soils,

20 to 40% flyash with no lime, was found effective.
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1. INTRODUCTION

1.1 Background

 The performance of a pavement structure is'dependent on a large

number of physical variables that ihc1ude materiaTs, construction,
traffic and environment. For evaluating the performaﬁce of'a pavement
structural system; mechanfétic désign procedures are commonly
employed. Typically in this ana1ysis; multiiayered elastic and finite
element theories are utilized to compute stresses in the pavement
structure, and the computed stresses are 1nput into a fatigue equation
to predict performance 1ife of the structural layer. Use of these
theories requires that the constitutive behavior of the pavement
‘materials be identified and the materials characterized in terms of a
stiffness modulus and Poisson's Eétio. | |
| The def]ectidn 6f the pavement structure in reéponse to an
induced lcad has been shown to Eepresent performahce (23).
Non-destructive testing devices such as the Dynaf1e¢t operaté on the
principle of a vibratory force ahp]ied on the surface of the pavement
and measure the induced deflections. |

The uée of field deflection measurements for the estimafion of
in-situ values of elastic moduli of pavement iayers is gaining in
. popularity and usage. To accomplish this,.mu]ti-1ayefed elastic
theory has been used to pred1ct actual Dynaflect measurements (7), and
several computer based methods have evolved (16).

Lytton and Michalak (2) formulated equations which may be

effectively used to predict Toad induced deflections and thus elastic



a need exists to extend the application of this method to lime-flyash
stabilized pavement layers. The available equations are not currently
applicable to lime-flyash stabilized layers as there were no lime-
flyash stabilized Tayers in the Texas Transportation Institute test

sections (14) used in Lytton's study.

1.2 Objectives

The objective of this study is to utilize the field measured
Dynaflect deflections, of the flyash experimental test sites, to
develop new equations based on the simplified elastic theory model.
Then apply the newly formed equations to compute the in-situ layer
stiffnesses of the lime-flyash test sections and, aiso, examine the

effect of time on these test sections.

1.3 Scope
This research was a continuation of previous investigations by
McKerrall, Ledbetter and Teague (5) on "Analysis of Flyashes Produced
~in Texas" and Ledbetter et al., {(6) on "Construction of Flyash Test
Sites and Guidelines for Construction", In this study, the structural
support capability of lime-flyash stabilized Tayers was evaluated by
analyzing field measured Dynaflect deflection data of 51 iime-flyash

stabilized test sections (6) constructed by Texas State Department of

Highway and Public Transportation at 8 test sites in Texas.

1.4 Test Sites

The test site locations are indicated in Figure 1 and a test site

summary is provided in Table 1. While detailed description of the
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Figure 1. Location of Flyash Test sites in Texas (§).



Table 1.

Test Site Summary

Test site dat-aa

Test : Subgrade

site Date Flyash No. of Length of Section Soil

No County Highway Completed source sections sections construction type

1 Bowie FM 3378 Oct, 1979 M 10 800 ft 1 course surf. treat, Low/Medium
81in. L-FA base plasticity
8 in. L or FA subbase silty clay

2b Panola US 59 Sept, 1979 W 9 1000 ft 1 course surf. treat, Low PI, silty
2 in. HMAC clay (with sand)
12 in. flexible base
8 in. L-FA subbase

3 Bexar ~ FM 1604 Dec, 1979 D 6 800 ft 2 course surf. treat, Low PI clayey
10 in. flexible base silt
6 in. L-FA subbase

4 Bexar FM 1604 Oct, 1979 D 6 300 ft 2 course surf, treat,. Low PI clayey
14 in. flexible base silt
6 in. L-FA subbase

5 Bexar FM 1604 Mar, 1980 D 8 800 ft 2 course surf. treat, Low PI clayey
12 in. flexible base silt

. : 6 in. L-FA subbase

8 Potter SH 335 Mar, 1979 H 6 800 ft 2 course surf. treat, Medium/low
1 in. HMAC PI clay
12 1in. flexible hase
& in. L-FA subbase

12 Wheeler FM 2697 Nov, 1979 H 5 900 to 2 course surf. treat, Very low PI (3)

' 5400 ft 6 in. FA base Sandy soil



Table 1, Test Site.Summary continued

Test Site data®

Test Subgrade

site Date flyash No. of Length of Section Soil

no County Highway Completed source sections sections construction type

13 Wilson US 87 Apr, 1980 D 1 1% miles T in. Asph. concrete, River gravel
6 in. L-FA base low PI (7)
12 in. River - gravel
subbase

ARefer to Appendix B-for Time-flyash ratios and -to”reference (5) for' flyash compositions.

bDynaf1ect data not available for section 10 in site 2, Site 2 resurfaced with 2 in. HMAC in October
1980.



construction procedures employed for the test sites is available in
reference (6), the typical layout and cross section of the sites are
given in Appendix A and field measurements, that were used in the

- study, are given in Appendix F.

1.4.1 Test Site 1 iocated on FM 3378 in Bowie County This

:project consisted of 10 sections which used 1ime-fiyash stabilization
in the base layer. Each section consisted of an 8 inch subbase
stabilized with either four percent lime or six percent flyash. The
base for each section consisted of 8 inches of Time-flyash stabilized
layer. The wearing surface was one course bituminous surface
treatment approximately 1/4 inch thick., The base course used varying
amounts of lime and flyash to stabilize a low to medium PI silty clay
soil. The typical layout and cross section is given in Figure A-1,
Appendix A and Dynaflect deflection measurements in Tables F-1 to F-4

in Appendix F.

1.4.2 Test Site 2 Tlocated on US 59 in Panola County This

project was constructed of 8 inch lime-flyash stabilized subbase
covered by a 12 inch flexible base. The wearing surface was
originally constructed of one course bituminous surface. treatment.
All ten sections of the test site were re-surfaced in Cctober 1980
with a 2 inch hot mix concrete overlay. Varying amounts of lime and
flyash were used in the subbase to stabilize a low PI silty ciay (with
sand) soil. Figure A-2 Appendix A shows the typical cross section and

1ayout. Dynaf]ect deflection measurements are in Tables F-5 and F-6



in Appendix F.

1.4.3 Test Site 3 Jocated on FM 1604 in Bexar County This test

site consisted of six test sections constructed of 10 inch flexible
base over a 6 inch Time-flyash stabilized subbase. The sections were
surfaced with a two course bituminous surface treatment. Varying
amounts of lime and flyash were used in the subbase to stabilize a low
PI clay silt. Test sections were approximately 800 feet long with a
transition between each test section. The typical layout and cross
section are given in Figure A-3 Appendix A, and Dynaflect deflection

- measurement in Tables F-7 to F-11 in Appendix F.

1.4.4 Test Site 4 located on FM 1604 in Bexar County This

project has six test sections constructed of 14 inch flexible base
over 6 inch lime-flyash stabilized subbase. Varying amounts of 1ime
and flyash were used in the subbase to stabilize a low PI clay silt.
Two course bituminous surface treatment approximately 1/2 inch in
thickness provides the wearing surface. Typical layout and cross
sections are given in Figure A-4 Appendix A, and Dynaflect deflection

measurements in Tables F-12 to F-i5 in Appendix F.

1.4.5 Test Site 5 located on FM 1604 in Bexar County This test

site has eight test sections, approximately 800 feet long, constructed
on the west-bound lane of FM 1604 between the San Antonio river and
Elmendorf. The sections consisted of a 12 inch flexible base over 6
inch Time-flyash stabtlized subbase. Varying amounts of lime and

fiyash were used in the subbase to stabilize a_]ow PI clay silt soil.



The wearing surface is a two course bituminous treatment. The layout
and cross section of the test site are given in Figure A-5 Appendix A,
and Dynaflect deflection measurements are in Tables F-16 to F-20

Appendix F.

1.4,6 Test Site 8 located on SH 335 in Potter County This

project has six test sections constructed of 12 inch flexible base
over 6 inch lime-flyash stabilized subbase. Varying amounts of lime
and flyash were used in the subbase to stabilize a medium to low PI
clay. The wearing surface was a two course bituminous surface
treatment covered by a one inch HMAC layer. The layout and cross
section of the test site are given in Fiqure A-6 Appendix A, and

Dynaflect deflection measurements in Tables F-21 to F-23 Appendix F.

1.4.7 Test Site 12 located on FM 2697 in Wheeler County The

project was three miles Tong and consisted of 5 test sections of
varying lengths. Each section is constructed of a 6 inch Flyash
stabilized base on natural subgrade. Varying amounts of flyash were
used in the base course to stabilize a coarse sandy soil of very low
PI. The wearing surface is a two course bituminous surface treatment.
The Tayout and cross section of the test site are given in Figure A-7
Appendix A, and Dynaflect deflection measurements in Tables F-24 to

- F-26 Appendix F.

1.4.8 Test Site 13 located on US 87 in Wilson County The

project consisted of only one section constructed as a 6 inch Time-

- flyash stabilized base over a 12 inch river gravel flexible subbase.



The wearing surface was a 1 inch asphalt concrete surface. The layout
and cross section are given in Figure A-8 Appendix A, and Dynaflect
deflection measurements in Table F-27 Appendix F. This site was not
included in the portion of study dealing with development of
predictive equations and is evaluated for current stiffness in Chapter

4.

1.5 Research Approach

Stiffness coefficients and elastic moduli are properties used in
the Texas flexible pavement system to characterize the structural
support capability of pavement layers. Stiffness coefficients,
derived from Dynaflect data by a tria]—and~error procedure (lg, lﬁ)
appear to be dependent on the thickness and location of pavement
layers (2) and are not fully indicative of the stiffness
characteristics of the Tayer material. The elastic modulus provides a
more rational method for characterization and is a property measurable
in laboratory for comparison and controi.

Using elastic moduli as a measure of stress-strain behavior of
pavement material layers, the approach taken in this research was to
study and develop relationships between physical properties of
constructed pavements and the assumed constants of the simplified
deflection equation by Vlasov and Leont'ev (3). From these
relationships, new equations, which would predict deflections and
elastic moduli of lime-flyash stabilized layers with reasonable
'accuracy, were derived. The basic equation and the significance of

the constants will be discussed in more detail in Chapter 3. The

10



Dynaflect deflection measurements selected for the portion of study

dealing with development of the new equations are identified in Table

2 and referenced to appropriate appendices. In Table 2, the "lime

only" control sections are not included.

The pavement sections containing lime-flyash stabilized layers

were classified into four categories by types of construction:

1. Lime-flyash stabilized base over lime or flyash stabilized

subbase.

2. Hot mix asphalt concrete layer over flexible base and

Time-flyash stabilized subbase.

3. Flexible base over lime-flyash stabilized subbase.

4. Flyash stabilized layer over natural subgrade.

To meet the defined objectives, the analyses were performed in

the following steps, and the results are presented in Chapter 4:

Step 1.

Step 2.

Step 3.

Estimation of the elastic modulus of each pavement layer
by & basin fitting technique for all test sections
including "lime only" control sections, using
muiti-layered elastic theory.

Determination of vertical deflections in the pavement at
selected depths below the surface at geophone location
wl (see Figure 2} of the Dynaflect, using multi-layered
elastic theory.

Application of regression analysis number 1, described
in Chapter 3, to vertical deflections computed in Step

2. Curve fitting constants were obtained for the

11
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Table 2. Summary of test sites and Dynaf]ect deflection data selected for

development of the deflection equation for 1ime-flyash stabilized sections.

Selected sections

Construction Test site Section Number of Sections Deflection data Deflection data

Type No No in Construction Type age (months)a reference
1 1 2,3,4,6 8 36 Table F-4.
7,8,9,10 Appendix F

2 2 2,3,4,5, 8 37 Table F-6
6,7,8,9 Appendix F

3 3 1,2,3, 22 33 Table F-10
' 5,6 Appendix F.

4 2,3,4,5, 37 Table F-15

6 ‘ Appendix F~

5 1,2,3,4, 33 Table F-19

6,7,8 Appendix F

gb 2.,3,4,5, 26 Table F-=23

6 Appendix F-

4 12 1,2,3.,4, 5 22 Table F-25
5 Appendix F.

construction types are defined on page <.

b

Deflection data is in reference to the construction date.

Site 8 is included in construction type 3 assuming no structural strength in the 1 in. HMAC layer.



sections and relationships were derived between the
constant m (see page 54) and the physical properties of
pavements for each type of construction.

Step 4. Application of regression analysis number 2, described
in Chapter 3, utilizing relationships for constant m
determined in Step 3 and field measured Dynaflect

deflections at geophones location W. through ws (see

1
Figure 2). Curve fitting constants were obtained for
the sections and relationships were derived between the
constants n, C, B and H {see page 71) and the physical
properties for each type of construction.

Step 5. Application of regression analysis number 3, described
in Chapter 3, utilizing relationships for constants m,
n, C, B and H determined in Steps 3 and 4, and field
measured Dynaflect deflections at geophone locations wl

through W Predicted deflections and elastic maduli

5
were computed for all lime-flyash stabilized sections.
Step 6. Determination of change in the stiffness of lime-fiyash
stabilized layers with time, by application of
regression analysis number 3 to field measured data of
different survey periods.
For practical considerations, it was necessary in this study to
utilize average deflection measurements of sections instead of

individual basin readings. The average basin was computed from the average

of each deflection sensor.

13



2. METHODS FOR DEFLECTION ANALYSIS

The past decade has witnessed a trend towards increased use of
non-destructive methods of testing to evaluate structural support
capability of flexible pavements. A wide variety of computer based
methods, available as analytical tools, have been developed to utilize
field measured deflection data to determine elastic moduli of pavement
layers and permit overall evaluation of the pavement system with
reasonable accuracy. In this chapter a brief description of the
state-of-the-art analytical techniques for determination of material
properties from field measured deflections is given. The Dynaflect,
as a field deflection measurement device, is emphasized and special
attention is devoted to the significance and interpretation of Jo

Bessel functions used in some of these techniques.

.2.1 Deflection Measurement with Dynaflect

The Dynaflect operates on the principle of a vibratory force
applied to the pavement surface by two masses rotating in opposite
directions., This induces a cyclic peak-to-peak live Toad of 1000
pounds with a frequency of 8 Hz applied on two steel load wheels in
contact with the pavement. The load induced deflections are measured
by five geophones at 12 inch intervals (10, 15, 17). The measured
deflections are indicative of the displacement and shapes of deflected
surface, as shown in Figure 2, at distances of 10, 15.62, 26, 37.36
and 49.03 inches from load points. Figure 3.indicates the location of

loading points, and Figure 4 documents the contact radius of each load

14



Gt

ORIGINAL 'SURFACE—_—\

" Figure 2. Typical deflection basin reconstructed from Dynaﬂect. readings.
Only half of the basin is measured (15).



91

26"  37.36" "49.03"

Figure 3. Radial Tocation of Dynaflect sensors from loading points. (10)



-

Average contact radius of each load approximately |.4! inches.

'Figure 4.

Actual imprint of Dynaflect loading wheels taken
during field testing at Texas Transportation

‘Institute on July 14, 1969. (Note: The distance

between these imprints is not shown to scale. The
actual distance is 20 inches.)

17



estimated to be 1.41 inches.

2.2 Significance and Interpretation of Bessel Functions

Bessel mathematical functions, named after the German astronomer
F. W. Bessel, present solutions in the form of infinite series that
are useful in dinterpreting the effect of a vibratory load applied on
the pavement surface. Multi-layered elastic theory makes wide use of
Bessel functions in the computations of stresses, strains and
deflections (9). The generalized Bessel differential equation is of
the form:

xzy“ + xy' + (xz-nz)y =0 (2-1)

where: n > 0, y" is the second derivative and y' is the first
derivative with respect to x.
Solutions of the differential equation are called Bessel

functions of the order n.

2.2.1 Bessel Function of the First Kind and Order Zero J _{x)

By the theory of differential equations, the equation (2-1) has two
distinct and linearly independent solutions, The first solution,
J,(x), of the differential equation is called the Bessel function of
the 'first kind and order n' and is of the form:

Jn(x) = x" {1 - x2 + 2x4 cee

2"t (n + 1) 2{(2n + 2) 2.4(2n + 2)(2n +4)

T (2-2)
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Jo(X)

Figure 5.

Graphical representation of Bessel functions
of the first kind - Jo(x) and J](x).
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Figure 6. Graphical representation of modified Bessel
functions of the first kind - Io(x) and I](x).

y
3_
2_
l" ("KI(X)
chx)-"
O r - X

Figure 7. Graphical representation of modified Bessel
-+ functions of the second kind - Ko(x) and K1(x).
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Figure 8.

Schematic of multi-layered elastic system (18).
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Vertical
Stress

Shear Stress

Shear Stress

Tangential

Sfress Radial Stress

Bulk Stress = Vertical + Radial + Tangeﬁfial

‘Figure ‘9, Stresses on a typical element r-inches from

axis of the lcad and z-inches below the
surface (18).
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where: x = argument of the Bessel function
n=20,1,2, 3 .... and
r(n + 1) = gamma function with argument n + 1,

When n is equal to zero, the solution Jo(x) is called the Bessel
function of the 'first kind and order zero' and is represented by:
2 4 6

©J =1 . X X _ X + ... 2_3
o) 22(1.'_)24-22(2:)2 26(31)2 (2-3)

The series represented by equation (2-3) and its derivatives are
absolutely convergent for finite values of x and uniformly convergent
in any bounded region of the X-plane. Jo(x) is graphically
represented in Figure 5. The positive range of Jo(x), shown shaded in

'Figure 5, is particularly representative of the slope of the
deflection basin. Jo(x) forms the basis of this study. Figures 6 and
7 represent modified forms I (x) and Kn(x) of the Bessel function,
which are the second kind of solutions to Bessel's differential

equation,

2.3 Methods for Computing In-situ Elastic Moduli

2.3.1 Multi-layered Elastic Theory Approach General concepts

of a multi-layered elastic system are depicted in Figures 8 and 9.
The analysis of stresses, strains and deflections are primarily
derived from the theory of distribution of stresses in an unstratified
semi-elastic medium under the compressive action of a rigid body

presented by Boussinesq in 1885 and generalized to layered systems by

23



Burmister in 1943. The analytical solution to the state of stress or
strain has several assumptions:

1. Each layer acts as a continuous, isotropic, homogeneous and

linearly elastic medium,

2. Each layer has a finite thickness except for the lower layer,

and is infinite in the horizontal directions.

3. Full friction is developed between layers at each interface.

4, Surface shearing forces are not present at the surface.

5. The stress solutions are characterized by two material

properties for each layer. They are Poisson's ratio, and
Young's elastic modulus, E.

Computer programs developed by Shell Research N.V. namely BISTRO
(BItumen STructures in ROads) and BISAR (BItumen Structures Analysis
in Roads) are suited for n-layer computations and are based on an

~extension of the Burmister theory taking into account full three
dimensional linear elasticity of the pavement layers. The effect of
each Toad is separately calculated in a cylindrical coordinate system.
Stresses, strains, and displacements are computed by integration of
complex expressions involving Bessel functions (9).

McCullough and Taute (7) applied the BISAR computer program to
estimate elastic moduli of layers of rigid pavement systems using a
trial-and-error procedure. A similar method was utilized in this
study for computing the initial values of elastic moduli for the test

sections and is explained in more detail in Chapter 4.

2.3.2 "Empi" Method  Swift (19) derived an empirical equation

24



for predicting pavement surface deflections of 2-layer elastic
structures based on a Poisson's ratio value of 0.5. The concept is

illustrated in Figure 10 and the equation is of the form:

where: w = Amount of deflection on the surface at distance r,
P = Applied Toad,
E1 = Elastic modulus of the pavement layer,
E2 = Elastic modulus of the subgrade,
h = Thickness of pavement layer,
K = gy Nl ¥ and
3E2

L = (r2 + x2)1/2.

The results obtained from eqution (2-4) were found in close
agreement to solutions based on Burmister's equations of multi-layered
elastic theory. Moore (20} applied a regression analysis technique to
fit the entire measured Dynafliect deflection basin to deflections
computed from arbitrarily selected values of elastic moduli.
Reasonable values of elastic moduli E1 and E2 were determined by an
iterative process when the "root mean square error" of measured to
computed deflections was minimized. Simple computations involved in
equation (2-4) permitted substantial savings in computer use time when

compared to Burmister's equations and Scrivner's 'Elastic Modulus I'
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r Vertical
Deflection = w

Rough inrerface"/

LAYER 2

Modulus = E, , Poisson's Ratio=0.5
Thickness : infinite

Figure 10. Schematic of a 2-layer elastic system (.}_2)
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method (16, 21).

2.3.3 "Elastic Modulus I" Method Scrivner et al., (21} applied

concepts of multi-layered elastic theory to 2-layer pavement
structures for determination of the in-situ material properties from
Dynafiect data for the Texas flexible pavement system. For pavements
of known thickness resting on homogenous subgrade of infinite depth
and assuming a Poisson's ratio of 0.5, Scrivner's approximated

equation is of the general form:

4;E1 wr =1 + ngx—TOP/h (V=139 (x)dx (2-5)
where: P = Point load acting vertically at the surface,

E1 = Elastic modulus of the upper layer,

E2 = Elastic modulus of the subgrade layer,

w = Vertical displacement of a point on the surface,

r = The horizontal distance of the measurement of the

defiection w from the load P,
x = mr/h (where m is a parameter)
¥V = Function of m and N,
E E '
N = ‘""”‘“"“E: T Ei ’ (2-6)
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Equation (2-5) is integrated in a converging solution process to
determine values of E1 and E2 within desired accuracy limits. A
detailed description of the solution is in reference (16). In this
method also, solutions are computed by integration of complex

expressions involving Bessel functions.

2.3.4 "Russian Equations" Method Equations formulated by

Lytton et al., (1) are useful for predicting load induced deflections
and elastic moduli in n-layer pavement structures at different
Poisson's ratios. The general form of deflection eguation used in

this method is:

T+y -y =m
C. . ) b= i

EO

w(r,z) =

Deflection at radius r and depth z,

Ik

where: w{r,z)

P = Applied load (1000 1bs for Dynaflect),
E0 = Elastic modulus of the subgrade,
Vo = Poisson's ratio of the subgrade,
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Jo(ar) = Bessel function of the first kind of order zero and
argument ar,
H' = Transformed depth of all layers converted to a single

modulus, based on Odemark's assumption (g),

z = Transformed depth of a point z below the surface,
_ 1/2
a =mB 2(2mB + 1)
A Lm-Tyr=, ) and
m,C,B = Constants determined analytically from field

deflection data.

A non-linear regression analysis procedure called pattern search
(22) was applied to field data and relationships of the constants to
physical properties of pavement were derived. The derived

relationships were used in equation (2-8) and by simple mathematical

. computations, deflections and elastic moduli were predicted from

values of elastic moduli of the layers that were measured using wave
propagation technique. Reasonably accurate values of elastic moduli
of the layers were detérmined when the "sum of squared error" of
computed to measured deflections was minimized. This method forms the
basis of this study and its theoretical background is explained in

more detail in Chapter 3.
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3. THEORETICAL BACKGROUND AND STATISTICAL PROCEDURE

3.1 Deflection Equation for Single Elastic Layer

Vtasov and Leont'ev (3) postulated a simplified form of elastic
layer theory. Figure 11 depicts the load distribution system of an
elastic layer of thickness H resting on a rigid incompressible layer,
where load P is applied to rigid circular plate of radius Fo For all
radii greater than Fos the deflection of the elastic layer could be
determined by the equation (3-1). While detailed theoretical
development is given in reférence (3), the forms of equation pertinent

to this study are derived in the text.

gp (1%vq)
T E]Hwt

w(rfz) = K0 (ur)¥](z)

(3-1)

where: w(r,z) = vertical deflection at radius r and depth z,

the elastic modulus of the layer,

1
r = the radius,
P = applied point load,
Z = depth below the surface,
Ko(ar) = modified second kind Bessel function of order
zero with argument r and
vy = Poisson's ratio of the elastic Tayer.

El(z) signifies the distribution of vertical displacement with

- depth and is assumed to be related to H and z. 1In thin compressiblie
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Figure 1i. Load distribution system of a single elastic layer over a rigid layer.



layers, the principa1 stress a, is assumed to be constant over the
depth of the layer and therefore the displacement would decrease
linearly with increasing depth, as shown in Figure 11 (page 31) and

?1(2) would be represented by:

L 3-2
¥y (2) = = (3-2)
For a thick compressible ‘layer,Vlasov and Leont'ev (3)
recommended a distribution form represented by equation (3-3) and

suggested that other suitable expressions would also be appropriate:

_ Sinh v (H-z) |
¥1(2) = sy R (3-3)
Gamma v, is a constant determining the rate of decrease of the
displacement with depth.
Alpha @, in equation (3-1) is defined as a ratio characterizing
‘the combined effect of compressive strain and shearing strain in the

elastic layer and is represented by:

V7.
o= {7p) (3-4)

The coefficient k characterizes the compressive strain in the

elastic layer:

e (3-5)

32



The coefficient t characterizes the shear strain in the elastic

layer:

E.r '
£ = 1 11 . (3-6)
T+ ;)

In equations (3-5) and (3-6), 513 and ryp are parameters
characterizing compressive strain and shear strain respectively in the
X plane and the X direction.

¥ and ¥y are defined as distribution forms of compressive and

shear strains respectively, and are related to wl(z) and its

derivative_wl'(z), and sq4 and r11 defined previously:

H , 2
- Hy
_ Yt _ H 2 (3-8)
T Tl (2)dz

3.2 Odemark's Assumption

An assumption presented by Odemark (4) is useful in transforming
"~ the thickness of multiple elastic layers to an equivalent thickness of
a material with a single datum elastic modulus. The concept as
pertinent to this study is presented in Figure 12 where H is the
distance of the rigid layer from the surface as in Figure 11, and hk
is the thickness of the subgrade layer assumed to behave elastically.

The transformed total thickness of all layers is of the form:
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Figure 12. Transformed thicknesses of k-layers for multi-layered pavements.



k Ei n
H o= b () (3-9)
i=1 0
where: H' = transformed depth of all layers,
k = number of layers,
hi = thickness of layer i,
n = exponent to bé found.by analysis in-this study;
equal to 0.33 in Odemark's assumption (4),
E,.| = Elastic modulus of layer i,
Eo = Modulus of datum layer, assumed to be the subgrade
in this study and
k-1
h =H-z h.. (3-10)
i=1

3.3 Derivation of Deflection Equation for Multi-layered Pavements

The distribution of vertical displacements for the single elastic

layer were assumed to be represented by the exponential expression

(2):
= (Hozym 3-11
v.(z) = (=) (3-11)
1 H
where m is a constant dependent on the in-situ physical properties of
a pavement structure,

Equations (3-1) and (3-4) are reformulated in terms of the form

of the distribution of vertical displacement in the following
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derivation steps. Substituting equation (3-11) in equation (3-8),

2m
_H, - H H-z
T3t G a4
and by integration.
3 ,
Yo T 1
_ H
"1 T ZmF 1

H" and

1 H o H2 H
and by integration
2
6., = m .
11 = HZm-1)
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Substituting equation (3-13) in ({3-1) and replacing the K0
Modified Bessel function by the Jo Bessel function, which is the basis

of this study, equation (3-19) is obtained:

a(r.2) - E-_(1 ;]v]) 2 : 1 0, (ar) [ﬂﬁgim 5.19)
where, J (ar) = First order Bessel function of order zero and
argument or
By substituting equation (3-14) and (3-17) in equation (3-4),
equation {3-20) is obtained:

1/2

_me2(2m + 1
o = g’[(ZmTl)(lzv])] | (3-20)

Equations (3-19) and (3-20) are then modified to account for
multiple layers in pavements utilizing equation {3-9) and (3-21):

n 1-1

n (o) 4 ) 2" (3-21)
p M) Tl ) “

where z is the transformed depth of point z in terms of subgrade
modulus E0 and 1 the number of layer in which z falls.

The revised equations for multi-layered pavements are:

: T+ v STy
0
1/2
_mB 2(2mB + 1) .
« = 7 s )7 (3-23)
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where Vo T Poisson's ratio of datum subgrade layer.

For multi-layered pavements, the constant B is introduced to correct
the value of the power law exponent m, and constant € is introduced to
correct the derived deflection value in the equation (3-22). Equation
(3-22) and (3-23) are the basis of this study, and constants m, n, C,
B and H are to be determined for each type of pavement construction by

statistical analysis of Dynaflect measured field data.

3.4 Statistical Analysis Procedure

The regression analysis procedure followed in this study assumes
a non-linear relationship between the dependent variable y and the

independent variable x. A non-linear regression model would be of the

form:
y = g: 3-24
Y = 8, X 6 (3-24)
where } = the predicted value of the dependent variable and
Bo and By = constants derived by regression analysis.

From principles of simple linear regression analysis the "best"
values of constants By and By would be obtained when a "least square"
criterion is employed that minimizes the summed square of differences
between an observed y and the predicted &. To meet assumed conditions
of non-linearity a method called pattern search (22), explained later
in the text, was incorporated in the overall statistical analysis

procedure of the study. The principal steps in the analysis are
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explained as follows:

1. Assume a functional relationship between x and y, and write the

equation (3-24) in the form:
y = £(x). (3-25)

2. Subtract the predicted value of dependent variable § from observed
value y and obtain error €. Error is squared and added to errors

of all the other observations:

2= 1 [y: - f(x)1° . (3-26)
J 1= J
J
where Ej = error for the jth observation and
yj = jth observation of y.

3. Apply pattern search technique and determine set of constants in
f{x) that minimize the sum of squared error in equation (3-26).
In summary, the statistical procedure applied in this study in
regression.analyses number 1, number 2 and number 3, which will be
discussed in the following section, meets “least square" criterion
typically used in Tlinear regression analysis and employs pattern
search technique to account for the non-Tinearity of relationships.
The value of Jo(x) was determined by polynomial approximation in the

regression analysis.

3.4.1 Pattern Search Technique

The computer base pattern search method developed by lLetto (22)

relies on a non-linear optimization technique based on the method of
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Hooke and Jeeves. While details of the program are available in the
reference (22) a brief description follows:

If the problem has the objective function of two variables Z(Xl’
X,) and a base function c(Xl, X2) then at any point in question, the

objective gradient is the vector sum of |%§~|_+ %%-[ and the base
2

ac'l |2 }
aXT axz
the method in which the pattern search proceeds. The objective

gradient is the vector sum of | Figure i3 illustrates
function is assumed circular with an optimum at point tZ at the center
of the circle, This implies that the closer a point is to tZ the more
nearly optimal it is. In simple terms a point is "better" than
another point if the objective function evaluated at the first point
is nearer to t2 than objective function evaluated at the second point.
The program makes a series of exploratory searches around the starting
point to find a direction that will lead to better points in the
search. The incremental amount is aséumed to be small and for
purposes of discussion can be referred to as one unit.

Starting at the ipitial point of search, the program does an
exploratory search be incrementing the variable X1 by one unit
positive reaching the point toa' Since toa is "better" than to, the
incrementatioh of variable X2 is conducted about point toa' Addition
of one unit of variable X2 leads to "poorer' point tob' The point tOb
is discarded and one unit of X2 is subtracted from toa leading to to'

which is “"better" than toa' The program then conducts an accelerated
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Figure 13. Pattern search techniﬁue (28).
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search in direction toto' and determines point tl which is "better"
than to'. Exploratory search is started again at point t1 with values
of variables X1 and X2 incremented again one-at-a-time. After the
effect is evaluated the pattern is aliowed to move to tl' and
accelerated to t2. By repeat processing the "best" point t3' is
obtained. A further pattern move to point t4 is observed to be
deleterious to optimization, Therefore the program rejects the

pattern move,

In summary, the application of the pattern search procedure to
the statistical analysis technique, provides the capability of
evaluating the effect of several variables in a mathematical model.
For example, if the models of deflection equations (3-22) and {3-23)
are used, the constants m, n, C, B and H would be individually
iterated, and evaluated after each iteration, until a "computed
deflection basin" that closely resembles the shape of the "field

measured deflecion basin" is obtained.

3.4.2 Regression Analysis Number 1 to Determine the Constant m

In this analysis, illustrated in Figure 14, the variation of
vertical displacement of the pavement structure with depth was studied
on the basis of the concept introdﬁced in equation (3-2) and modified
in equation (3-22) for multi-layered pavements. The form of the

deflection relationship is affected by depth is assumed to be:

Wir.7) = wir,0) 72T (3-27)
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)
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Figure 14. Flow chart for Regression Analysis Number 1.
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where: w(r,z) = the deflection at transformed depth z of the
pavement and

observed deflection at the pavement surface at

wir,o)
geophone location wl.

The objective of this study was to determine the values of
constants m, n and H' for each test section, and establish
relationships between the exponential constant m and physical
properties of pavement layers for each type of construction.

The procedure utilizes the “"squared error" criterion defined by
equation {3-28). The regression was accomplished employing starting

values of constants m, n and H' of 1.0, 0.33 and 70 inches

respectively:
= H'-z. m
= p00z) e (3-28)
w(10,0)
where: ¢j = error for the jth observation
w(10,z3) = Deflections at Dynaflect gecphone location wl
for selected depths z, determined by a separate
analysis described in Chapter 5 and
w(10,0) = Observed deflection at Dyanflect geophone location

wl on the pavement surface.

3.4.3 Regression Analysis Number 2 to Determine
Constants n,C, B and H

In this analysis, illustrated in Figure 15, the relationships of

~exponential constant m and physical properties of pavement layers,
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Figure 15. .Flow.chart for Regression Analysis Number 2.
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that were derived from the vertical displacement study in regression
analysis number 1, were used to determine values of constants n, C, B
and H for all lime-fiyash stabilized sections. The objectives were to
establish relationships of these constants with the physical
properties of pavements. The analysis utilized the surface deflection
measurements at the five geophones locations and evaluated the entire

deflection basin to minimize the "sum of squared error" in the

equation:
g'sz—[w(r o) - C.P. L V% L om+1 .4 (ar) |
. = . - C.P. . . ar.
j=1 9 J ey T 0" (3-29)
where: €; = error in observation at radius rj and
rj = Standard radial distances of Dynaflect geophones from

applied load i.e. 10, 15.62, 26,_37.3 and
49.03 inches.
The regression study was accomplished employing starting values
of the constants n, C, B and H of 0.30, 1.0, 1.0 and 70 inches

respectively.

3.4.4 Regression Analysis Number 3 to Predict Deflections

and Elastic Moduli

This analysis constitutes the final predictive step of the study
and was accomplished using the concepts illustrated in Figure 16. The
‘relationships established from regression analysis number 1 and number

2 for constants m, n, ¢, B and H were utilized to compute deflections
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Figure 16. - Flow. chart -for Regression Analysis Number 3.
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and elastic moduli of the pavement layers. In tﬁis analysis, the
deflection model of equations (3-22) and (3-23) and the error equation

(3-29) were used.
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4. ANALYSIS AND RESULTS

4.1 Deflection Basin Fitting Analysis

In order to study the variables that govern the behavior of
pavements under an induced load, it is necessary that the stress-
étrain characteristics of the pavements be estimated first. In this
study, the elastic moduli of the various layers of the test sections,
summarized in Table 1, were estimated by a deflection basin fitting
technique.

The elastic moduli of pavement Tlayers were estimated from
Dynafiect deflection measurements employing the multi-layered elastic
- approach with the aid of the Shell BISTRO computer program. The
following steps were followed:

1. Thickness of pavement Tlayers, initial estimates of the

pavement layer elastic moduli, the Dynaflect induced load of
1000 1bs and "loading configuration" were input into the
computer program and vertical deflections were analytically
computed at the five geophone locations of the Dynaflect.
The Poisson's ratio of layers were assumed for HMAC layer,
flexible base, Time-flyash stabilized layers and the natural
subgrade as 0.40, 0.45, 0.15 and 0.45, respectively (12, 13).

2. Field measured deflections were individually compared with

the five computed deflections and the overall fit of the

basin determined.
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The initial layer moduli used in the computer program were
adjusted to improve the fit of the computed to wmeasured
deflection basin,

The process was repeated until a reasonable accuracy of fit
imposed by an "“average percentage variation", criterion,

explained later in this section, was achieved.

Observations made in application of the procedure are generally in

agreement with the findings of McCuilough and Taute (7) on rigid

pavements as follows:

1.

Variations in the elastic moduli of the base or subbase
influences sensor-1 deflection significantly but has only a
minor effect on sensor-5 deflections, implying that the slope
of the basin is affected.

Vartiations 1in the elastic moduli of the subgrade
significantly affects both sensor-1 and sensor-5 defiections.
This effect is generally proportional and thus has a minimal

effect on the slope of the basin.

Sensor-5 deflection is observed to be a unique indicator of the

stiffness of the subgrade and predicts the elastic modulus of the

subgrade accurately.

The siope of the deflection basin is observed to be dependent on

the stiffness of the layers above the subgrade. For 2-layer pavements

the predicted elastic moduli of these layers were observed to be

fairly accurate. In pavement structures of more than two layers, it

must be recognized that several combinations of base and subbase
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moduli may predict approximately the same basin slope. Therefore, for
greater accuracy in predicting the modulus of the top layers the
deflection basin fitting procedure applied in this study was

restricted to "stiffer on top" solutions only.

4,1,1 "Average Percentage VYariation" Criterion

A simple acceptance criterion was imposed to evaluate the overaill
fit of the computed to measured deflection basin. The elastic moduli
‘of the layers were adjusted repeatedly until the average percentage
variation of the computed def]ectidns at the five geophone locations
were within five percent of the field measure deflections.

If Wfl, Wf2, W3, WF4 and Wf5 are field measured deflections and
Wal, Wa2, Wa3, Wad4 and Wa5 are analytically derived deflections, then

the percentage variation at the ith geophone location is given by

|wfi - wail ¥ 100
Variationi =
Wfi

The average percentage variation of the entire deflection basin

is given by

=1 Var1at10ni

Vamatwnbasin =

where: 1 = 1, 2, 3, 4, b.
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4,1.2 Fitted Elastic Moduli Results

The values of layer elastic moduli obtained by the basin fitting
technique for 51 sections including "lime only" control sections, are
presented in Tables B-1.to B-16 in Appendix B.

Sensor-5 deflections are observed to be highly correlated to the
stiffness of the subgrade and capable of predicting the subgrade
modutus accurately. Figure 17 depicts graphically the log-log
relationship between the subgrade modulus and w5 deflections,
established from multi-layered elastic theory for all lime-flyash
stabilized sections of this study. The relationship was tested by
applying the general linear model {GLM) procedure. Equation ({(4-1)

describes the relationship:

8.64
Esg = ew (4-1)
5

where:  Esg = Elastic modulus of subgrade in psi,

g

The equation established a significant relationship between Esg

Sensor-5 field reading of the Dynaflect in mils.

and w5 at the level of o equal to 0.1. The R-Square value was 0.99.

4.2 Regression Analysis Number 1

The first step of this analysis was the analytical determination
of the vertical displacement with depth. All sections containing
lime-flyash stabilized layers as summarized in Table 2 were analyzed
at Dynaflect geophone 1location wl for eight depths selected at the

pavement surface, at the interfaces of the layers and at one foot
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depth thereafter. The Shell BISTRO computer program was used to
determine vertical displacement values given in Tables C-1 to C-7 in
Appendix C.

Regression analysis number 1, explained in Chapter 3 (see Figure
14), was applied to all sections containing lime-flyash stabilized
layers employing the results of elastic moduli from basin fitting
analyses, the results of vertical displacements with depth analysis,
the deflection model according to equation (3-27) and the error model
according to equation (3-28).

From this procedure the values of constants m, n and H' were
obtained for each test section, as were computed values of transformed
depth z at each selected depth z. The results of the analysis and
"sum of squared error" between computed and field deflections are
given in Tables 3 to 9. 1In Figure 18, the values of the constant m
are plotted versus values of z, where z is based on the total pavement
thickness above the subgrade for each test site. The constant m was
observed to be dependent on the type of construction of the pavement

sections.

4.2.1 Effect of Physical Properties of Pavements on Constant m

The pavement sections of this study were of the same thickness
for all construction types except construction typé 3*, therefore, two
physical properties, namely "modular ratios Kl’ K2 and K3“ and "layer

~ thickness ratio D", were investigated as predictors of the constant m.

*The construction types are defined on page 11.
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Table 3. Values of Constamts m, n and H' determined by Regression Analysis

‘Number 1.-:Site 1.

Transformed depth z at depth z (in inches}:

Values of constants

Section

No 8 16 28 40 52 64 76 m n H'

2 12.19  20.56 32.56  44.56 56.56 68.56 80.56 1.80460 0.30001 132.49
3 16.45  30.36 42.36 54.36 66.36 78.36 90.36 0.65666 0.30000 96.011
4 16.45  29.41 41.41  53.41 65.41 77.41 89.41 0.73517 0.30004 99.586
6 12.29  21.13 33.13  45.13 57.13 69.13 81.13 1.50080 0.30000 121.13
7 11.89  19.99 31.99  43.99 55,99 67.99 79.99 2.09940 0.30004 143.97
8 13.72 21.80 - 33.80 45.80 57.80 69.80 81.80 1.67090 0.30000 126.14
9 12.43  20.83 32.83 44.83 56.83 68.83 80.83 1.69700 0.30001 127.83
10 12.97  21.31 33.31  45.31 57.31 69.31 81.31 1.69800 0.30002 128.09

Note: For analytically determined vertical displacement with pavement depth

aConstruction_typg;l - L-FA base over L or FA subbase.

used in this analysis refer to Table C-1 Appendix C.
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Table 4. .Values of Constants m, n-and H' determined by Regression Analysis

‘Number 1 - Site 22,

Transformed depth z at depth z (in inches):

Values of constants

'§§Ct10n 2 14 22 34 46 58 70 m n H'

2 4.21 19.79 30.18 42.18 54.18 66.18 78.18 0.74735 0.30002 92.801
3 4.18 23.23‘ 33.97 45.97 57.97 69.97 81.97 0.55430 0.30001 86.238
4 4,07 22.26 32.94 44.94< 26.94 68.94  80.94 0.5?032 0.30002 - 87.754
5 4.38 25.29 36.77  48.77 60.77  72.77 84.77 0.46849 0.30000 83.85]
6 4.98 23.72 35.59  47.59 59.59 71.59 83.59 0.51152 0.30007 85.404
7 4.88 26.68 39.92 51.92 63.92 75.92 87.92 0.39341 0.30000 82.452
8 4.68 23.21 34.98 46.98 58.98 70.98 82.98 0.51646 0.30001 85.580
9 5.31 26.86 40.80 52.80 64.80_ 76.80 88.80 0.37234 0.30001 81.505

Note:

For analytically determined vertical displacements

with pavement

used in this analysis, refer to Table C-2 Appendix C.

Construction ‘type'2 - HMAC. layer over: flexible base and L-FA subbase.

depth
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Table 5.. Values of Constants m, n and H' determined by Regression Analysis

Number 1 - Site 3%.

Transformed depth z_at depth z (in inches):

Value of constants

27.25

‘Section

No 10 16 28 40 52 64 76 m n H

1 14.08 21.82 33.82 45,82 57.82 69.82 81,82 0.89691 0.30002 100.55
2 13.76  21.02 33.02 45.02 57.02 69.02 81.02 0.97493 0.30003 101.85
3 14.56  22.69 34.69 46.69 58.69 70.69 82;69 0.81282 0.30004 :97.342
5 15.33  23.66 35.66 47.66 59.66 71.66 83.66 0.78100 0.30002 97.092
6 18.09 39.25 51.25 63.25 75.25 87.25 0,63120 0.30001 91.951

Note: For analytically determined vertical displacementswith pavement depth
used in this analysis, refer to Table C-3 Appendix C.

a‘_Cc)n‘s’cruc.tion type 3 - Flexible bése;oyeriLeFA subbase.
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Table 6. Values of:Constants m, nand H' determined by'RégrESéfbn,Ahh1ysis

Number 1 - Site 42,

| Section

Transformed depth z at depth z (in inches):

VaTue of constants

~used in this analysis, refer to Table C-4 Appendix C.

@ﬁonstruction type 3 - Flexible base over E-FA subbase.

No 14 20 32 44 56 68 8 m 0 H
24.26 31.74 43.74 55.74 67.74 79.74 91.74 0.68139 0.30000 99.736
3 23.16  30.08 42.08 54.08 66.08 78.08 90.08 0.78976 0.30000 103.54
4 21.48 28.20 40.20 52.20 64.20 76.20 -88,20 0.87473 (.30002 105.41
5 19.61 26.92 38.92 50.92 62.92 74.92 86.92 0.87005 0.30003 104.97
6 24.57  33.61 45.61 57.61 69.61 81.61 93.61 0.57538 0.30001 97.144
Note: For analytically determined vertical displacement with pavement depth
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Table 7. - Values ‘of Constants m,. n and H' determinedfby'RegrESSiOH Analysis

‘Number 1 - Site 5°.

Transformed depth z at depth z (in inches): Value of constants

Section _ : )
No 12 18 30 42 54 66 78 1] n H'
1 19.35 27.79 39.79  51.79 63.79 75,79 87.79 0.66525 0.30001 94,918
2 17.52 24.25‘ 36.25 48.25 60.25 72.25 84.25 0.96215 0.30002 104.24
3 20.07 27.20 39.20 51.20 63.20 75.20~ 87.20 0.81885 0.30001 101.08
4 21.26  30.25 42.25 54.25 66.25 78.25 90.25 0.60385 0.30001 94.363

18.41 25.69 37.69 49.69 61.69 73.69 85.69 0.86540 0.30004 102.44
7 19.57 25.60 37.60 49.60 61.60 73,60 88.60 0.97020 0.30002 103.33
& 19.656 28,07 40.07 52.07 64,07 76,07 88.07 0.70100 0.30001 98.318

Note: For anaiytically determined vertical displacements with pavement depth

used in this analysis, refer to Table C-5 Appendix C.

construction. type 3 - Flexible base over L-FA subbase.
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Table 8:. Vdlues of Constants m, ri and’H' determined by Regression -Analysis

~ ‘Number 1-- site 8%,

Transformed depth z at depth z {in inches):

Value of constants

Section ‘

No 12 18 30 42 54 66 78 m n H'

2 21.20 30.73 42,73 54,73 66.73 78.73 90,73 0.,58438 0.30001 94,838

3 21.26  29.97 41.97 53.97 65.97 77.97 89.97 0.61751 0.30001 94.473

4 21.76  30.86 42.86 54.86 66.86 78.86 90.86 0.56607 0.30000 92.336

5 20.99 29.25 41.25 53.25 65.25 77.25 89.25 0.68918 0.30001 98.113

6 20.51 28.30 40.30 52.30 64.30 76.30 88.30 0.75772 0.30001T 100.790
Note: For analytically determined vertical displacements with pavement depth

dconstruction type 3 - Flexible base:over. L-FA subbase.

used in this analysis, refer to Table C-6 Appendix C.
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Table 9.

‘Number 1 =123,

‘Values of Constants m; n and H' determined by Regression Analysis

Transformed depth z at depth z (in inches):

Value of constants

a'Cfonstlr‘uri‘won type 4 - FA base.over natural subgrade.

used in this analysis, refer to Table C-7 Appendix C.

- Section

No 6 18 30 42 54 66 78 m n H'

1 12,36 24.36 36.36 48.36 60.36 72.36 84.36 1.7347 0.30001 128.82
2 22.36  34.36 46.36 58.36 70.36 82.36 94.36 0.91132 0.30001 107.39
3 17.38 29.36 41.38 53.38 65.38' 77.38 89.38 1.1512 0.30001 109.85
4 16.07 28.07 40.07  52.07 64.07 76.07 88.07 1.2526 0.30000 112.20
5 21.32 33.32 45.32 57.32 69.32 81.32 93,32 0.93963 0.30000 105.99
Note: For analyt1ca11y determined vertical displacements with pavement depth
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The analytically determined values of both these properties are given
in Tables B-1 to B-16 in Appendix B. The dependence of constant m on
these properties was tested by applying general linear mode! (GLM)
regression procedure using m values of Tables 3 to 9, and both linear
and loglinear relationships were derived. The results of this
analysis are given in Table 10.

Study of the statistical parameters, in Table 10, suggests that
the mathematical model fits the data well and the independent
variables significantly account for the behavior of the dependent
variabte, Therefore, on basis of the statistical evaluation, the
following loglinear relationships were established for each type of

construction*:

Type 1,
nge m = 0.4717 + 0.0684 K; - 1.427 X, (4-2)
Type 2,
Loge m = 0.6713 - 0.0322 Kl - 0.3916 K2 - 0.1714 K3 (4-3)
Type 3,
'Loge m = 0.7732 - 0,0421 K1 - 0.1908 K2 - 0.2324 D (4-4)
Type 4,
Loge m = 0.6125 - 0.092 Kl (4-5}

- 4,3 Rearession Analysis Number 2

The relationships for m as defined by equations (4-2) to (4-5)
“were utilized in regression analysis number 2, explained in Chapter 3

(see Figure 15). VYalues of constants n, C, B and H were derived for

*The construction types are defined on page 1l.
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Table 10. List of Regression coefficients of Linear and Log-linear relationships between

~ Constant m versus'mddular ratjos_Kl,_Kz and_K3'and'1ayer thickness ratio D.

Independent Variables Coefficients

Constr.2 Dependent F- R- gégggi;gggt
Type Variable Intercept K] K2 K3 D Value Square @ a = 0.1
1 m 1.6799 0.0684 -0.1648 5.19 0.675 Significant
10ge m 0.4717 0.0654 -1.427 . 6.82 0.732 Significant
2 m 1.2985 -0.0251 -0.2563 -0.0905 18.53 0.933 Significant
| ioge m 0.6173 10,0322 -0.3916 -0.1714 43.86 0.970  Significant
3 m 1.5528 -0.0287 -0.1405 -0.1787 63.81 0.914 Significant
log, m 0.7732 -0.0421 -0,1908 .., -0.2324 89.67 0.937 Significant
4 m 1.6541 -0.0103 13,09 0.814  Significant
109e m 0.6125 -0.0092 21.81 0.879 Significant

Aconstruction types

are defined on page 11;



each Time-flyash stabilized test section. The regression procedure
utilized elastic moduli values obtained from basin fitting analysis,
the deflection model according to equations (3-22) and (3-23), the
error equation {3-29) and field measured Dynaflect def]ections_;£ all
five locations of the gebphones.

The results of the analysis and the "sum of squared error" of
computed versus field deflections are given in Tables B-1 to D-4, in
Appendix D, for each type of construction. Figqures 19 to 22 depict
graphically the values of constants determined for the test sections.
From the analysis of results, the following trends in behavior of the
constants were noied:

1. The computed values of the constant n were observed to be

realistic in all test sections when compared to the value of
0.33 based on Odemark's assumption (4). Variations were the
smallest in construction type 2* with values in the range of
0.301 to 0.385, while the largest variations were observed in
construction type 3 with values in the range of 0.293 to
0.532. In general, the computed values of n were reasonable
for all test sections when compared to Odemark's assumption,
which is widely used in the analysis and design of multi-
Tayered pavement systems.

2. The constant C in the deflection equation was an overall

correction factor for multi-layered pavements. The computed

*Construction types are defined on page 11.
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Note: Refer to Table D-2 for
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values of constant C were reasonable for all test sections,
The variations in the values were the smallest in
construction types 1* and 4 with values in the range of 0.882
to 1.111. The largest variations were in construction types |
2 and 3 with values in the range of 1.129 to 1.477.

The constant B which was assumed originally.as a correction
factor for the power law constant m in multi-layered
pavements with a starting value of 1, generally followed the
trend of the constant C in terms of variation and also
attained realistic values for all test sections. The
variations in the constant B were the smallest in
construction type 1 and 4 with values in the range of 0.788
to 1.128. The variations were largest in construction type 2
with values in the range of 1.088 to 1.943. For construction
type 3 the range of values was 0.814 to 1.386. |
The constant H characterizes the depth of the rigid layer
from the pavement surface and was assumed to be 70 inches at
start of the analysis. The variations in the constant H were
observed to be the smallest in the 4-layer system of
construction type 2 with values in the range of 67.074 to
73.111, and the largest in the 2-layer system of construction
type 4 with values in the range of 63.889 to 7§8.959, In
general, constant H attained reasonable values in all

sections.

*Construction types are defined on page 11.
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4,3.1 Effect of Physical Properties of Pavements on

Constants n, C, B and H

Similar to the procedure used to obtain relationships to describe
the constant m, the dependence of constants n, C, B and H, on physical
properties, were tested by applying general linear model (GLM)
regression procedure. Using values of n, C, B and H from Tables D-1
to D-4, Appendix D, several linear and loglinear relationships with
both single and muitiple independent variables were examined.
Selected loglinear relationships are summarized in Table 11.

The statistical parameters of Table 11 suggests that a varying
degree of correlation exists between the dependent and the independent
variables for constants n, C, B and H, The correlation of constant C
to the modular ratios and layer thickness ratios was found
consistently higher than the correlations exhibited by n, B and H. In
construction type 3* insignificant correlation was noted between the

constants n and H with the physical properties.

4.4 TInvestigation using K0 Bessel Function

The deflection equation proposed by Viasov and Leont'ev (3)
utilized the modified K (x) form of the Bessel function illustrated in
Figure 7. In this study, the capability of KO Bessel function to
predict deflections was also investigated. Regression analysis number
2 was applied using a procedure similar to that previously explained
for J, function, except that Jo(ur) was replaced with Ko(ar) in the
deflection equation models (3-22) and {3-23). The results obtained

for computed deflections, "sum of squared error" and the values of

*Construction types are defined on page 11.
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Table 11.

List of Regression coefficients of Loglinear Relationships between Constants

n, C, B &H VérSus[hdeIar‘ratfos‘Kl;‘Kz and K3rand 1ayerfthickness ratio D

Independent Variables Coefficients

Cohstr.a Dependent Fe R- g}%?;ilﬁigt
Type Variable Intercept K K, Ky D Value Square @ a=0.1
1 ]ogen -0.6815 -0.0280 -0.0719 4.01 0.616 Significant
log,C 0.0654 -0.0364 0.0093 . 13.26 0.84% Significant
log,B -0.4738 0.0691 0.0603 1.7 0.418 Not Significant
log H 4.4239 -0.0008 -0.0233 2.55 0.505 Not Significant
2 logn -0.7075 -0.0759 -0.#045 0.0107 1.23  0.480 Not Significant
1ogeC -0.1085 0.0053 0.1078 0.0447 23.35 0.946 Significant
tog B -1.0297 0.0409 0.4382  -0.2573 19.52 0.936 Significant
1ogeH 4.1297 0.0248 0.0464 0.0088 3.49 0.723 Not Significant
3 log n -0.7355 0.0673 0.0680 -0.2535 1.13  0.158 Not Significant
log C -0.0233 0.0395 0.0757 0.0156 16.06 0.728 Significant
log B -0.9724 0.0352 0.1740 -6.2573 63.05 0.913 Significant
log H 4.2325 -0.0199  -0.0062 0.0686 0.72 0.108 Not Significant




€/

Table 11 cont'd. List of regression. coefficients

Independent Variables Coefficients

- Significant
Constr.  pependent - Difference
Type Variables Intercept K Ko Ky D F-Value :R-Square @ o = 0.1
4 logn -0.9438 -0.0045 ..., e .... 8,57 0.741 Significant
TogeC -0.0393 0.0014 .... cera ....  38.38 0.928 Significant
]ogeB ~0.1352 0.0019 .... ceed vees 27,18 0.901 Significant
tog H 4.3631 -0.0024 .... cees veee 14,67 0.830 Significant

Construction types are defined on page 11,



constants were analyzed.

The K0 function was observed to predict deflections with
substantially higher accuracy with smaller “sum of squared error" than
was the Jo function. However, in the case of the K0 function, the
computed values of constants n and H were of questionable physical
significance. The values of constant n exceeded 1.0 in all sections
of construction types 1, 2 and 3* and in one section of construction
“type 4, whereas with the Jolequation model the computed values of n
were reasonably close to Odemark's assumption of 0,33, In the case of
the KO function, the constant H, which signifies the location of the
rigid layer below the pavement surface achieved values in the range of
119.96 to 199.44 inches for all types of construction. These values
unrealistically exceeded the values of H', obtained in the vertical
displacément study, conducted in regression analysis number 1 and
given in Tables 3 to O.

On the basis of these findings, further investigation using K0

function was discontinued in the study.

4.5 Regression Analysis Number 3

In this analysis, the relationships derived for constants m, n,
C, B and H with modular ratios and layer thickness ratios were
utilized to predict deflections and elastic moduli of pavement layers
from field deflections according to the procedure explained in Chapter
3 and illustrated in Figure 16. The listing of the computer program

developed at Texas Transportation Institute and modified in this study

*Construction types are defined on page 11.
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for regression analysis number 3 is given in Reference {1). 1In the
study, the pattern search technique was modified, as follows:

1. The search for elastic moduli of pavement structural layers
was restricted to n-1 layers by e]imiﬁating the subgrade
modulus from the search. This was based on the knowledge
that the subgrade modulus is capable of being accurately
determined from the N5 reading of the Dynaflect. Equation
(4-1) substantiates this. This equation was utilized to
compute the subgrade modulus in regression analysis number 3.

2. The accuracy of the analysis was increased substantially by
reducing the incremental amount by which the variables,
namely elastic moduli for layers 1 through n-1, were
incremented during the pattern search process (22). The

incremental amounts used were 30 psi. in the exploratory

search and 10 psi. in the adapative search.

4.5.1 Predicted Elastic Moduli Results

The elastic moduli of the pavement layers computed, by
application of regression analysis number 3, are given in Tables E-1
to E-9, Appendix E, with the "sum of squared error®. The results of
Tasks E-} to E~9 are also graphically illustrated in Figures 23 to 29.
From the analyses of these results, the observations listed below on
the condition of lime-flyash stabilized layers were noted. in
analyzing these results emphasis was placed on evaluating the size of

2

the error &7, the accuracy of individual computed deflections were
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Legend
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Legend:
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Legend:
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compared to field deflections and the values of the derived constants

were evaluated,

1.

In site 1, constructed of Time-flyash stabilized base over
1ime or flyash stabilized subbase {Construction type 1}, the
lime stabilized subbases of sections 2, 3 and 4 appear to
have gained distinctly higher stiffness than flyash
stabilized subbases in sections 6, 7, 8, 9 and 10. The base
layers of all sections exhibited comparable stiffnesses,
except for section 3 (L-FA ratio 4/8) which was higher. Low
prediction errors were noted in sections 2, 3, 4, 8 and 9 and
higher errors in sections 6, 7 and 10.

In site 2, constructed of HMAC overlay over flexible base and
L-FA stabilized subbase {Construction type 2), the subbase
gained varying levels of stiffness. Sections 2, 3, 4, 5, 7
and 8 utilizing both lime and flyash as stabilized agents
exhibited higher stiffnesses than sections 6 and 9 that
employed flyash only. Highest stiffnesses were noted in
sections 3, 5 and 7 that employed L-FA ratios of 2/8, 4/4 and
2/24. Low prediction errors were noted in all sections of
this site.

In site 3, constructed of flexible hase over lime-flyash
stabilized subbase (Construction type 3), comparable
stiffnesses were noted in sections 1, 2, 3 and 5 in the
subbase. Section 6, that utilized only flyash as a

stabilizing agent in the ratio 0/12, interestingly gained the
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maximum stiffness in this site. Fitted results for this
section substantiates this observation. Low prediction
errors were noted in all sections.

In site 4, constructed of flexible base over Tlime-flyash
stabilized subbase (Construction type 3), comparable
stiffnesses were noted in sections 2, 3 and 5 in the subbase.
Section 6 (L-FA ratio 2/6) exhibited the highest degree of
stiffnesses. The stiffness of "flyash only" section 4 was
observed lower than other sections. Low prediction errors
were noted in all the sections of this site,

In site 5, constructed of f]ex{b]e base over lime-flyash
stabilized subbase (Construction type 3}, varying levels of
stiffnesses were noted in the subbase layers. Sections 1 and
4 that utilized 1lime-flyash ratios of 3/6 and 2/8
respectively seemed to have gained the maximum stiffnesses in
this site. The stiffnesses of sections 2 and 6 were
comparable and the three "flyash only" sections 3, 7 and 8
exhibited lower stiffnesses than the others. Low prediction
errors were noted in all the sections of this state.

In site 8, constructed of flexible base over lime-flyash

~stabiized subbase (Construction type 3), the subbase of

section 2 (L-FA ratio 2/4) gained the highest stiffness.
Sections 3, 4 and 5 were comparable and section 6 stabilized
with only flyash as the stabilizing agent indicated lower

stiffness. Low prediction errors were noted in all the
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sections.

7. In site 12, constructed of flyash stabilized base over
natural subgrade {Construction type 4), stiffnesses in the
range of 200.4 to 1465.8 Ksi. were observed in the base
layer. This finding indicates that all sections of the site
have benefited from the effect of soil reactions between the
very low PI sandy soil and flyash. Flyash was effective in
filling voids in coarser soils and promoting stiffness gain.
The highest stiffnesses were noted in sections 2 and 5;
stiffrnesses were comparable in sections 3 and 4; and section
1 exhibited lower stiffness. Low prediction errors were
observed in sections 2, 3, 4 and 5 and high error in section
1.

In general, the computed deflections and elastic moduli wére
reasonably accurate. Low prediction error were observed in the
majority of computations and the computed values of the constants m,
n, C, B and H of the simplified elastic theory model were reasonable
for all the test sections. Significant savings, in terms of
computational costs, were observed in applying the simplified elastic
theory model to predict deflections and elastic moduli, as compared to
the basin fitting technique using multi-layered elastic theory.

Stabitization with only flyash was found to be ineffective in
promoting stiffness gains in the low PI clayey soils of the sites 1,

2, 3, 4, 5 and 8 (Construction types 1, 2 and 3*) but effective

*The construction types are defined on page 11.
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stiffness gains were observed in the sections that were stabilized
with both 1ime and flyash. In comparing the stiffness gains of the
test sections constructed on clayey soils, the optimum lime-flyash
ratios appear to be 0.08 to 0.50, using a minimum of 2% lime.

Very significant stiffness gains were observed in all the
sections constructed on the very low PI coarse sandy soil of site 12
(Construction type 4) indicating that stabilization with 20 to 40%

flyash was highly effective for this type of soil.

4.6 Effect of Time on Lime-Flyash Stabilized Layers

In an attempt to evaluate the effect of time on the stiffnesses
of lime-flyash pavement Tayers the predictive equations formed in this
study were applied to field measured data obtained at different
periods after the construction of sites 1, 2, 3, 4, 5, 8 and 12. The
Dynaflect measured field data are given in Appendix F.

The predicted elastic moduli results obtained from the analysis
are given in Tables E-10 to 17, Appendix E, with the "sum of squared
error". These results were analyzed for the size of prediction error,
the individual accuracy of computed versus field deflections and the
values of the derived constants were evaluated.

The computed values of the subgrade modulus and the elastic
modulus of lime-flyash stabilized layers were plotted versus the time
of the deflection measurement surveys, and are presented in Figures 30
to 36. In these figures, a temperature correction has heen made in
the elastic modulus values that were computed from deflections

measured at the mean air temperatures of 70°F and above. The
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Figure -33. Variation in the subbase modulus
modulus Esg with time - Site 4.
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procedure used for the temperature correction was based on the method
given in reference (26). The pavement temperature, inclusive of the
subgrade layer, was assumed to be equal to the mean air temperature on
the survey data. The assumed pavement temperatures were used in
Figure 37 and the ‘'deflection adjustment factors' were derived. The
'deflection adjustment factors' were used as multipliers to adjust the
sensor-5 deflections and the subgrade modulus values were corrected
utilizing equation (4-1), The elastic modulus values of the
stabilized pavement layers were then adjusted in proportion to the new
datum subgrade modulus.
From the Figures 30 to 36, the following trends were observed in
the stiffness behavior of the sections:
1., In site 1, constructed of the lime-flyash stabilized base
over lime or flyash stabilized subbase (Construction type 1),
the survey data of month 3, 12, 22 and 36 were utilized. The
stiffnesses of the base layers of the sections 2, 3, 7, 8, 9
and 10 increased progressively from the month 3 until the
month 22. The sections 4 and 6 exhibited stiffness gains
until the month 12. The bhase layer stiffnesses of all the
sections indicated a decline after the month 22, The subbase
layers, of the sections 2, 3, 4, 7, 8, 9 and 10 exhibited
stiffness gains until the month 22, and section 6 indicated
stiffness gain until the month 12. The subbase layer
stiffnesses of all the sections indicated a decline after the

month 22. In general, the base and the subbase layers of the
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4.

site, exhibited similar stiffness behavior over time. The
surveys of this site were made under wet pavement conditions,
therefore, increased moisture may have caused the loss of
stiffness after month 22.

In site 2, constructed of HMAC overlay over flexible base and
lime-flyash stabilized subbase (Construction type 2), the
survey data of months 24 and 27 were utilized. In the
subbase layers, the sections 2, 3, 4, 6, 7, 8 and 9 indicated
a small decline in the stiffness; and a Tlarger decline in
stiffness was noted in the section 5. The increased pavement
moisture in the survey of month 37 wouid have caused the
stiffness loss.

In site 3, constructed of flexible base over 3lime-flyash
stabilized subbase (Construction type 3), the survey data of
months 7, 12, 19, 33 and 43 were utilized. A1l the sections
exhibited a decline in the subbase stiffness from the month 7
to the month 12. Significant stiffness gains were noted in
all the sections between month 12 and month 19 and a decline
thereafter. In the survey of month 19, the observed high
'mean air temperature' of 110°F would have caused the
stiffening. Interestingly, the section 6 treated with only
flyash, and no lime, exhibited better stiffness behavior over
time than the Time-flyash stabilized sections.

In site 4, constructed of flexible base over lime-flyash

stabilized subbase (Construction type 3), the survey data of
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6.

months 6, 12, 24 and 37 were utilized. The subbase layers of

sections 3, 4 and 5 indicated a stiffening trend between the

“month 6 and the month 12, no change in stiffness between the

month 12 and month 24, and declined somewhat thereafter.
Significant stiffness gains were noted in the sections 2, 3,
4, 5 and 6 between the month 6 and the month 12, and decline
thereafter. The subgrades of all the sections exhibited a
progressive stiffening trend.

In site 5, constructed of flexible base over lime-flyash
stabilized subbase (Construction type 3), the survey data of
months 8, 16, 21, 33 and 40 were utilized. The subbase
layers of all the sections exhibited stiffening between the
month 8 and the month 16, and a decline until month 33, The

section 3 exhibited stiffness gains until the month 21. The

sections 2, 6, 7 and 8 indicated stiffness gains after the

month 33. The subgrades of all the sections indicated higher
stiffnesses in the month 16 and the month 40, lLarge
variations with time in the stiffness behavior of the subbase
layers of this site were noted.

;n site 8, constructed of flexible base over Tlime-fiyash
stabilized subbase (Construction type 3), the survey data of
months 6, 12 and 26 were analyzed. The subbase layers of the
sections 2, 4, 5 and 6 exhibited a decline in stiffness

between the month 6 and the month 12, whereas section 3

“stiffened in the same period of time. The subbase layers of
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the sections 2 and 4 indicated significant stiffness gains
after the month 12 and the sections 3, 5 and 6 exhibited
stiffness gains also, but to a lesser degree. The stiffness
of the subgrade, in all the sections, was noted to be high in
the month 6 and deciined thereafter.

7. In site 12, constructed of flyash stabilized base over
natural subgrade, the survey data of months 8, 22 and 44 were
utilized. The section 1 and 4 exhibited 1insignificant
changes in the stiffness of the base layers; the sections 2
and 3 indicates a stiffness decline between the month 8 and
the month 22; and the section 5 stiffened progressively from
the month 8 to the month 44.

It was recognized for the time study that the stiffnesses of the
lime-flyash stabilized layers and the subgrade, that were computed
from field measured deflections, could be significantly affected by
the 'pavement temperature' and the 'moisture' in the sections at the
time of the surveys. 1In this study, the effects of the pavement
temperatures were quantified and the computed moduli were adjusted to
account for the temperature variations in the survey periods. A
guantitative adjustment in the moduli due to the 'moisture’ was not
practically feasible.

In general, the computed deflections and the elastic modulus
values were reasonably accurate in the time study, and Tow prediction
errors were observed, The computed values of the constants m, n, C, B

“and H of the simplified elastic theory model were also reasonable,
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For low PI clayey soils (Construction types 1, 2, and 3%),
effective long term structural support was found in the sections that
were stabilized with both the Time and the flyash. Generally, flyash
by itself was ineffective in promoting stiffness gains. The optimum
1ime-flyash ratios, for long term stiffness gains were found to be in
the range of 0.08 to 0.5, using a minimum of 2% lime.

For very low PI coarse sandy soil (Construction type 4), soil

stabilization with 20-40% flyash, and no time, was highly effective.

*The construction types are defined on page 1l.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

In this study, a new approach for characterizing the
stress-strain behavior of n-layer lime-flyash stabilized pavement
structures from field measured defelctions, was developed. This
method employed a simplified form of elastic theory and utilized the
JO Bessel functions. A major benefit of this method as opposed to the
conventional methods, employing mJ?ti-]ayered elastic theory, is that
the need for mathematical integration of complex expressions involving
Bessel functions is eliminated in the computational process. This in
turn results in very significant savings in computational costs and
makes it practicable to analyze a large number of field measurements
to infer structural stiffness of layers with reasonable accuracy.
This study provides the theoretical background and experimental
support for this method.

A new approach for relating 'modular ratios' and 'layer thickness
ratios' to the constants of the simplified elastic theory model was
fntroduced in this study. Both of these parameters are commonly used
in pavement design. The parameters correlated very well with the
exponential constant m which signifies vertical displacement behavior
of pavement structures.

Comparison between the deflection basin fitting technique, using
multi-layered elastic theory, and this method indicates that while
both methods rely on reasonable 'starting values', a higher accuracy

in the computed deflections is_achievab]e with the deflection basin
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fitting technique. 1In general, similar trends were observed in the

layer elastic moduli computed using both the methods. For cost

considerations in terms of computer use time, the use of the basin

fitting technique must be restricted to applications where a limited

number of field deflections are to be analyzed. Low prediction errors

and a high accuracy in the predicted deflections were achieved with

the new method, in the majority of computations done in this study for

the flyash experimental test sites. The conclusions drawn from the

study are summarized as follows:

1.

The method, developed in this study, was Very.cost effective
and capable of predicting layer stiffnesses, of lime-flyash
stabi]ized pavement structures, from Dynaflect measured
field deflections with reascnable accuracy.

Flyash, by itself, was found to be generally ineffective in
promoting stiffness gains in low PI c¢layey soils, but
provided effective structural support when used with Tlime.
The only significant exception to this finding was section
6, in site 3, that exhibited high stiffness with 12% flyash
and no lime,

For very low PI coarse sandy soil, stabilization with
'flyash only' was effective and resulted in substantial
stiffness gains in the base layers of all the sections.

In comparing the test sections constructed on the low PI
clayey soils, the optimum Yime-flyash Eatios were found to

be in the range of 0,08 to 0.5, using a minimum of 2% lime.
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The time study has indicated the progressive stiffening of

- several sections, and signified the importance of temperature

and moisture adjustments in the computed moduii, for deter-

mining ¢lear trends over a period of time.

Based on the conclusion reached in this study, the following

recommendations are made:

1.

Apply the new method developed in this study to individual
readings taken in the surveys to determine layer elastic
moduTi at the individual points of the test sections (as
opposed to averages), and statistically analyze these values.
The benefit of this approach is that the informations pro-
vided by_individua1 deflection basins would be evaluated ahd
more accurate trends in the stiffness behavior of each test
section would be determined.

Compute stresses in the pavement structures and attempt to
predict performance Tife of these sections with. the aid of
fatigue based methods such as PDMAP (35) and VESYS IIM (36).
Implement the equations developed in this study for Time-
flyash stabilized bases and subbases in the Texas Flexible
Pavement System (FPS).

Continue to monitor the experimental test sites and observe
performance with time.

Attempt to correlate the results obtained from this study

‘using the Dynaf]ect data with the Benkleman beam field
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measured data of these sites.
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APPENDIX A.
Typical Layouts and Sections of Test Sites.
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Figure A-1. Typical section and layout planview of Test sections on FM 3378
in Bowie County, Texas - Site No. 1 (6).

\ 8" Lime subbase for one half project length

Fly Ash subbase for one half project length

N EACH TEST SECTION APPROXIMATELY 800 FT LONG

SECT 1 SECT 2 SECT 3 SECT 4 SECT 5 SECT 6 SECT 7 SECT 8 | SECT 9 SECT 10
8% LIME 4% LIME 4% LIME 4% LIME 7% LIME 67 LIME 6% LIME 7% LIME 5% LIME 6% LIME
0% FA 4% FA 8% FA 15% FA 0% FA 6% FA 117 FA 18% FA 23% FA 6% FA
BASE
' SUBBASE - SECTIONS 1, 2, 3, 4 & 5 4% LIME 0% FLY ASH .

¢ T Note: Construction type 1.

SECTIONS 6, 7, 8, 9, & 10 0% LIME 6% FLY ASH
- 20' -
ONE COURSE SURFACE TREATMENT
y Tatataereiegie Ly | T T ——
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N e EACH TEST SECTION APPROXIMATELY 1000 FT LONG

SECT 1
4% LIME
6% FA

SECT 2 | SECT 3 | SECT 4 SECT 5 | SECT 6 | SECT 7 | SECT 8 |SECT 9 |SECT 10
2% LIME 2% LIME 4% LIME 4% LIME 0% LIME 2% LIME 2% LIME 0% LIME 4% LIME
4% FA 8% FA 8%z FA | 4% FA 22% FA 24% FA 16% FA  |15% FA {167 FA

Note: Construction type 2.

TWO- 12" LANES {EXISTING)

/u:\ _ One Course 135
——y il

~Surface Treatment =3

TEST ' >
SECTION Seuthne / 8 2" HMAC Loyer o
e .
12.8' 12.5'

n" S T
A °_~‘°‘.:-a:. .

EMBANKMENT / EMBANKMERT

12" Flexible
Base

8" Lime Treated

8" Lime -Fly Ash Subbase

Treoted Subbase

Figure A-2. Typical seétion and layout planview of Test sections on US 59
in Panola County, Texas - Site No. 2 (g). ,
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EACH TEST SECTION APPROXIMATELY 800 FT LONG

H = 3 — H
SECT NO. 1 E SECT NO 2 E SECT NO, 3 E SECT NO. 42 SECT NO. 5 E SECT NO. 6
3% LIME “ | 3% LIME E 1%% LIME 2| 4% LIME E 2% LIME E 04 LIME
— ]
6% FA 2ol 9% Fa =1 5% FA =1 0% Fa o |82 FA = | 12% FA
e g 2 = g
N
Note: Construction type 3.
West Bound Lanes
Two Course " ,
Surface Tredtment \ |0" Fiexible Base
e 24 >
o F. P A YL .-.-..-‘;-“,,\;'.',-'s TS, T
- 7 RS . wres ':‘_-_n: .o'g -3 .:_,._...o__l .'-."_'_-'.:f_-".r:'.-.'

]

7 —

<6" Lime-Fly Ash Treated Subbase

Figure A-3. Typical section and Jayout planview of Test sections on westbound
lanes of FM 1604 in Bexar County, Texas - Site 3 (6).
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N EACH TEST SECTION APPROXIMATELY 800 FT LONG
3 H H =
SECTION NO. 1 650" SECTION NO. 2 E SECT NO. 3 E SECT NO. 4 |& | SECT NO. 5 E SECT NO. 6
9 TRANSITION o ” . w | n . A )
4% LIME : 3% LIME = 137 LIME |H |0% LIME =2 { 1.5% LIME H 2% LIME
SECTION H = S =
0% FA 6% FA S | 9% FA Q {127 FA 2 | 5% Fa 2 | 6% FA
Note: Construction type
Two Course 24" - 14" Flexible Base

L
Surface Treatment -|
—

LA LY PG N
L P

,‘. B".‘ ql“’.’ N

( West Bound Lane

6" Lime-Fly Ash Treated Subbase

Figure A-4.

Typical section and layout planview of Test sections on

west bound lanes of FM 1604 in Bexar County, Texas - Site No. 4 (ﬁ).
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Figure'A—S. Typical section and layout planview of test sections on westbound
' lane of FM 1604 in Bexar County, Texas - Site No. 5 @i).

SECTION ' - , _
No, 1 2 3 4 5 _ 6 . 7
' N Each Test Section Approxrimately.SOO ft. long
~ 3 _ _ 3 -
3% Lime | B | 3% Lime | £ [ 0% Lime | | 2% Lime |E [4% Lime £ |%4% Lime |07 Lime 0% Lime
: ) 7 w ' ) wn
6% FA 5] 9z Fa | S| 12z Fa |5 |8%FA |5 |0% Fa- 3 |5z ra | 25% Fa 30% FA
S S S S S
2 = =2 = =
Note: Construction type 3,
' West Bound Lone
Two Course ' " .
Surface Treatment 12" Flexible Base
-« 24" >|
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TN — EACH TEST SECTION APPROXIMATELY 800 FT LONG
* SECTION NO. 2 SECTION NO, 3 SECTION NO, 4 SECTION NO, 5 SECTION NO. 6 SECTION NO. 1 ?
64' 2% LIME 2% LIME 2% LIME 3% LIME 0% LIME 2.5% LIME
* 4% TA 6% FA 8% FA 6% FA 8% TA 0% TA 72
(CONTROL)

Note: Construction type 3.

Two CourseISurface Treatment

ZE.xisting
12" Lanes
& 1" HMAC «€———— 3-12' Lanes, 36' ——————»[«—Median, 16" »re-— |2'—>l _
0'4 -n."’e:l"s'.."v.‘.q":"'.o .' ‘ ! a"y’-. - ."u-'-::o-‘,‘:l'-tu' °"."'°¢ -a.v-..'
e LT e |z" FLEX{BLE aAsE A RAPES LR EXISTING 12" FLEXIBLE BASE
Qe g 2o ‘_uu-.'.'l'- Crags® eag n e ... ,-‘.-..";o HE e

6" Lime -Fly Ash Treated Subbase _

Existing 6" Lime
Treated Subbase
Figure A-6. Typical section a

nd Tayout planview of Test sections on SH 335 in
Potter County , Texas - Site No. 8 (6)
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Figure A-7. Typical section and layout planview of Test sections on FM 2697
in Wheeler County, Texas - Site No. 12 {(6).
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Figure A-8. Typical section of US 87 in Wilson County,
Texas - Site No. 13 (&).



APPENDIX B.
Elastic Modulus of Pavement Layers
Determined by Basin Fitting Technique.
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Table B-1. Fitted elastic modulus of”bQVeméht'1ayéfs.-:Sité 1.

Lime-flyash Deflection basin
ratiod Elastic moduli of layers (Ksi) Modular ratios fitting criterion
Section 84n.L-FA 8 in.L or FA E; Ex Esg Ky Ka 6331 #wggdr n2
No Base Subbase Base Subbase Subgrade (E1/E,) (E 2/Esg) tion - ¢2(10- )
] 8/0 4/0 210 140 39.5 1.5 . 3.54 4.06 0.1402
2 | 4/4 4/0 175 50 43 3.5 4.07 4.89 0.2187
3 4/8 4/0 210 120 19 1.75 6.32 2.00 0.2117
4 4/15 4/0 ' 210 95 19 2.21 5.00 2.72 0.1619
5 7/0 4/0 200 100 15 2.00 6.67 8.69  1.9688
6 6/6 0/6 a0 30 21.5 3.00 1.40 2.85 0.2249
7 6/11 0/6 a0 25 24 3.60 1.04 7.11 1.0167
8 7/18 0/6 175 30 29 5.83 1.03 ‘ 4.74 0.3081
9 5/23 0/6 100 27 23 3.70 1.17 3.39 0.5985
10 6/6 /6 ' 100 23 20 4.35 1.15 2.33 0.2446

Note: Refer to Table B-2 Appendix B for fitting resu]ts of f1e1d def]ect1ons to ana]yt1ca1]y
determine deflections of this site. _ o _ . _

®pctual percentage by weight
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Table B-2. Fitted deflection basins.- Site 1. .~ ...

Field Dynaflect deflections at different geophone Deflection basinsb
basin (F) Tocations (in mils) : fitting criterion
Section Ana]ytzc) I Ave.%  Summed
No. basin (A W W W W, W varia- Error
- ] 2 3 4 5 tion  €2(107% in?)
1 F 0.478 0.369 0.271 0.203 0.140
A 0.503 0.395 0.273 0.194 0.144 4.06 0.1402
2 F 0.559 0.414 0.272 0.182 0.121
A 0.601 0.429 0.262 0.175 0.128 4.89 0.2187
3 F 0.828 0.712 0.534 0.400 0.307
A 0.870 0.728 0.543 0.404 0.307 2.00 0.2117
4 F 0.877 0.726 0.532 0.395 0,299
A 0.904 0.748 0.549 0.404 0.305 2.72 0.1619
5 F 1.051 0.824 0.593 0.503 0,465
A 1.070 0.902 0.680 0.510 0.390 8.69* 1.9688
6 F 1.163 0.810 0.487 0.355 0.238
A 1.140 0.830 0.519 0.350 0.258 2.85 0.2249
7 “F 1.030 0.807 0.484 0.316 0.190
A 1.120 0.788 0.471 0.312 0.229 7.11 1.0167
8 F 0.836 0.610 0.400 0.279  0.187 '
A 0.877 0.642 0.394 0.261 0.191 4.14 0.3081
9 F 1.036 0.817 0.493 0.332 0.228
A 1.110 0.799 0.489 0.327 0.240 3.39 0.5985
10 F 1.236 0.925 0.568 0.405 0.278
A 1.270 0.918 0.565 0.377 0.276 2.33 0.2446

%This table is cross referenced to TableB-1. - o
bSections exceeding fitting criterion are marked with an asterisk.
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Table B-3. Fitted elastic modulus of pavement Tayers - Site 2.

Lime-f1yash Deflection basin
ratiod _ Elastic moduli of layers (Ksi) Modular ratios fitting criterion
Section Zin.HMAC 12in.Flex8in.L-FA E,  E, E;  Esg Ke K Ks ’32%4 E;‘Tgﬁd
No Surf. Base Subbase Surf. Base Shase Subgrade (El/Ez)(Ez/Eg)(&/Esg) - o2 2
tion (10~ ®in )
1 4/0 450 120 120 21.5 3.75 1.00 5.58 3.63 0.2272
2 2/4 400 80 80 33.5 5.00 1.00 2.39 3.11 0.0911
3 , 2/8 350 140 80 30 2.50 1.75 2.67 2.05 0.0594
4 4/8 450 168 110 42 2.68 1.53 2.62 2.38 0.0411
5 4/4 450 2160 110 33 2,14 1.91 3,33 2.63 0.0787
6 0/22 450 95 80 21.5 4,74 1,19 3.72 2.68 0.1470
7 | 2/24 400 150 110 20.5 2.67 1.36 5.37 2.07 0.0557
8 2/16 400 100 85 23.5 4.00 1.18 3.62 3.48 0.1889
9 0/15 350 95 86 13.5 3.68 1.10 6.37 3.42 0.8150

Note: Refer to Table B-4 Appendix B for fitting results of field defiect1ons to ‘
analytically determined deflections of this site. CU : :

Aactual percentage by weight.
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Table B-4, Fitted Deflection Basins - Site 2%. =~ -

Deflection basins

Field Dynaflect deflections at different geophone

basin (F) locations {in mils) fitting criterion
Section Ana]ytzc) Ave.%  Summed
No. basin (A W W W W W varia- Error

] : 3 4 5 tion  €2(10~%in?)

1 F 0.658 0.495 0.39%6 0.334 0.268

A 0.620 0.518 0.411 0.327 0.263 3.63 0.2272
2 F 0.543 0.426 0.293 0.222 0.17

A 0.534 0.399 0.287 0.215 0.167 3.11 0.0911
3 F 0.543 0.426 0.310 0.249 0.191

A 0.521 0.423 0.318 0.243 0.190 2.05 0.0594
4 F 0.394 0.323 0.225 0.178 0.135

A 0.383 0.307 0.228 0.173 0.135 2.38 0.0411
5 F 0.450 0.365 0.259 0.218 0.174

A 0.434 0.364 0.282 0.219 0.174 2.63 0.0787
6 F 0.720 0.564 0.413 0.343 0.265

A 0.687 0.556 0.426 0.331 0.263 2.68 0.1470
7 F 0.641 0.538 0.4117 0.351 0.273

A 0.630 0.537 0.430 0.344 0.278 2.07 ~ 0.0557
8 F 0.669 0.537 0.404 0.321 0.243

A 0.637 0.515 0.393 0.305 0.241 3.48 0.1889
9 F 1.011 0.821 0.612 0.517 0.415

A 0.929 0.79] 0.638 0.515 0.418 3.42 0.8150

®This table is cross referenced to Table B-3.



A

Table B-5.. Fitted elastic modulus qf,pavemeht_layers_- Site 3..

Lime-flyash

ratiod Elastic moduli of 1ayer$ (Ksi) Modular ratios

Deflection basin
fitting criterion

Ave.,% ummed

Section 10in.Flex 6 in.L-FA E; E, Esg Ki Ka varia- Evror ;

No Base Subbase Base Subbase Subgrade (E:/E2)}  (E2/Esg) tion £2(10~%in?)
1 3/6 100 75 32 1.33 2.34 9.04 0.4770

2 3/9 100 65 34.5 | 1.54 1.88 2.70 0.7015

3 1%/5 140 110 40 o 1.27 2.75 2.51 0.1488

4 4/0 300 275 34.5 1.09 7.97 5.31 0.2198

5 - 2/8 160 115 38.5 1.39 2.99 3.59 0.1064

6 | 0/12 220. 125 30.5 1.76 4.10 2.61 0.0711

Note: Refer to Table B-6 Appendix B for f1tt1ng results of field def]ect1ons to ana1yt1ca11y

determined deflections of this site.

Anctual percentage by weight.

Layer th1ckness rat1o D=

1.67.
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Table B-6. ”Fitted:def]éétidnﬁbasinsf;*Sitef3§; R
Field . Dynaflect deflections at different geophone Deflection basinb
basin (F)/ Tocations (in mils) fitting criterion
Section Analytic Ave.%  Summed
No. basin (A) Wy W, Wy W W varia- Error .
tion  £2(10”%n")
1 F 0.647 0.480 0.271 0.213 0.196
} A 0.621 0.480 0.328 0.232 0.174 9.04* 0.4770
2 F 0.676 0.470 0.274 0.193 - 0.163
A 0.603 0.457 0.306 0.215 0.160 7.70%  0.7015
3 F 0.518 0.38] 0.259 0.188 0.137
A 0.480 0.376 0.262 0,187 0.140 2.51 0.1488
4 F 0.46] 0.344 0.263 0.213 0.169
A 0.437 0.375 0.288 0.219 0.169 5.31*  0.2198
5 F 0.506 0.368 0.255 0.192 0.147 '
A 0.485 0.386 0.272 0.195 0.146 3.59 0.1064
F 0.573 0.445 0.326 0.245 0.185 :
A 0.555 0.460 0.338 0.248 0.188 2.61 0.0711%

®This table is cross referenced to TableB-5.

bSections exceeding fitting criterion are marked with an asterisk.
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Table B-7. _Fitted e1ast1¢\m§du?us of payemént layers - Sité 4,

Lime-flyash

Flastic moduli of layers (Ksi)

Deflection basin

ratiod Moduiar ratios fitting criterion

Section 14in.Flex 6in.l-FA E, £, Esg K Ka fve % ngﬁde
No Base Subbase  Base Subbase  Subgrade (E1/E.)  (E»/Esq) tion 2{10~"1n?)
1 4/0 180 170 23 1.06 7.39 1.88  0.0613

2 ' 3/6 150 50 24 3.00 2.08 2.00 0.0859

3 3/9 150 45 28 3.33 1.61 3.02 0.1574

4 0/12 100 35 24 2.86 1.46 . 4.98 0.4566

5 1%/5 80 50 26 1.60 1.92 6.18 0.6734.

6 2/6 150 90 23 1.67 3.91 3.25 0.1703

Note: Refer to Table B-8" Appendix B for fitting results of field def]ect1ons to ana]yt1ca11y
determined deflections of this site.

Anctual percentage by weight.

Layer thickness ratio.D =

- 2.33.
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Table B-8. Fitted deflection'basins.- Site 4.

Field Dynaflect deflections at different geophone Deflection basinsb
basin (F)/ locations {in mils) fitting criterion
Section Analytic Ave. % Summed
No. basin (A) W1 Wy, W W W varia- Error .
' 3 4 5 tion e2(107% in?)
1 F 0.583 0.489 0.377 0.314 0.251
A 0.578 0.499 0.399 0.316 0.251 1.88 0.0613
2 F 0.695 0.558 0.399 0.315 0.237
A 0.673 0.559 0.418 0.313 0.240 2.00 0.0859
3 F 0.649 0.497 0.347 - 0.274 0.209
A 0.615 0.502 0.366 0.270 0.205 3.02 0.1574
4 F 0.7%94 0.572 0.385 0.308 0.238 .
A 0.762 0.608 0.432 0.314 0.237 4,98 0.4566
5 F 0.767 0.525 0.340 0.279 0.218
A 0.709 0.552 0.391 0.285 0.216 6.18% 0.6734
6 F 0.647 0.519 0.385 0.323 0.256 ' )
A 0.644 0.543 0.418 0.321 0.251 3.25 0.1703

This table is cross referenced to Table B~-7.

bSections exceeding fitting criterion are marked with an asterisk.
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Téb?é_3;9._-Fit£@d é]asﬁiélmodu}ué:pfuﬁa§eMéntﬁ1éyéf§ f;Sffe 5.

Lime-flyash Deflection basin
ratiod Elastic moduli of layers (Ksi) Modular ratios fitting criterion
Section 12in.Flex 6in.L-FA E,_  E, Esg K, K, ave % Summed
No Base Subbase  Base Subbase Subgrade (Ev/E,)  (Eo/ESg)  4ion e2(10-"in2)
1 3/6 150 a5 30.5 1.58 3.1 4 19 0.2219
2 3/9 120 50 34 2.40 1.47 2 08 0.2084
3 0/12 150 48 27 3.13 1.78 3.52 0.1641
4 2/8 175 100 26 1.75 3,85 4.47  0.1926
5 4/0 220 126 24 1.75 5.25 4.47 0.2560
6 1%/5 125 57 30 2,19 1.90 3.52 0.2648
7 0/25 125 25 24.5 5.00 1.02 2.07  0.1173
8 0/30 150 90 29 1.67 3.10 2,95 0.1876

Note: Refer to TableB-10 Appendix B for fitting results of field defiect1ons to ana]yt1ca11y
determined deflections of this site. Layer thickness ratio b ="2.0. T

Actual percentage by weight.
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Table B-10. Fitted deflection basins - Site 5°.

Field Dynaflect deflections at different geophone Deflection basins
basin (F)/ locations (in mils) fitting criterion
Section Analytic Ave.% Eummed
No. basin (A W W W W Wy varia- Etrror
" 1 2 ] 4 5 tion  €2(10-°in?)
1 F 0.541 0.416 0.314 0.244 0.190
A 0.559 0.455 0.333 0.246 0.187 4.19 0.2219
2 F 0.633 0.467 0,316 0.221 0.165 '
A 0.589 0.456 0.311 0.220 0.164 2.08 0.2084
3 F 0.675 0.517 0.360 0.272 0.208
A 0.675 0,545 0,388 0.280 0.211 3.52 0.1641
4 F 0.632 0.483 0.363 0.291 0.237
A 0.611 0.511 0.384 0.289 0.221 4.47 0.71926
5 F 0.619 0.487 0,372 0.300 0.240
A 0.608 0.522 0.405 0.3 0.242 4.47 0.2560
6 F 0.671 0.477 0.331 0.249 0.191
A 0.626 0.495 0,348 0.250 0.188 3.52 0.2648
7 F 0.854 0.649 0.430 0.316 0.234
A 0.825 0.654 0.447 0.313 0.231 2.07 0.1173
8 F 0.622 0.459 0.340 0.261] 0.199
A 0.584 0.477 0.350 0.259 0.197 2.95 0.1876

This table is cross referenced to Table B-2. ' .
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Tab]e'B-11. :Fittéd’e}aétic.mbdQTdé bfiﬁé;éhénf 1éyéfs‘§_§{té 8.

Lime-f]yésh

Deflection basin

ratiod Elastic moduli of layers (psi) Modu]af ratios fitting criterion
Section 12in.Flex 6in.L-FA E; Eo Esg. Ki Kz egﬁ%z_ Eg?gid
No Base Subbase Base Subbase  Subgrade (E:/E2)  {E»/Esg) tion 52(10'81n2)
1 2%/0 175 80 37 2.19 2.16 4.04  0.1456
2 | 2/4 200 140 30 1.43 4.67 2.50  0.0436
3 2/6 175 90 26 1.94 3.46 2.38  0.0450
4 2/8 200 110 27.5 1.82 4.00 2.56  0.0752
5 3/6 200 90 31 2.22 2.90 4.24  0.1068
6 0/8 200 80 33.5 2.50 2.39 3.91  0.0626

Anctual percentage by weight

Layer thickness’ rat1o D=

~ Note: Refer to Table B-12 Appendix B for fitting results of field defTect10ns to ana1vt1ca11y
determined deflections of this site. o
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Table BéiéQ,éFitféd def1eet16h Eés{hér;J31fé;8;-“'7':-ﬁ

Field Dynaflect deflections at different geophone Deflection basins
basin (F)/ locations (in mils) fitting criterion
Section Analytic ‘Ave.%  Summed
1 F 0.5z3 0.393 0.285 0.218 0.146
A 0.489 0.392 0.280 0.203 0.153 4.04 0.1456
2 F 0.520 0.421 0.331 0.264 0.187
A 0.516 0.434 0.330 0.249 0.192 2.50 0.0436
3 F 0.632 0.508 0.386 0.301 0.212 :
' A 0.620 0.517 0.386 0.289 0.221 2.38 0.0450
4 F 0.590 0.475 0.371 0.286 0.207
A 0.568 0.478 0.362 0.273 0.210 2.56 0.0752
5 F 0.550 0.445 0.343 0.267 0.179
A 0.536 0.443 0.327 0.243 0.185 - 4.24 0.1068
6 F 0.527 0.416 0.313 0.242 - 0.160
A ‘0.515 0.422 0.307 0.225 0.171 3.91 0.0626

“This table is cross referenced to Table B-11. 7" -
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Table B-13. Fitted elastic modulus of pavement layers - Site 12.

Lime-flyash : Deflection basin
ratiod Flastic moduli of layers (Ksi) Modular ratio fitting criterion

Section 61n.FA Stabilized Ey Esg Ki Ave. & ggﬁgﬁd

No Base Base Subgrade (E1/Esqg) tion c2(10-"°

1 0/20 250 22.5 11.11 3.67 0.3554

2 0/30 1243 15.5 © 80.19 2.13 0.1229

3 0/40 | 606 17.5 34.63 1.70 0.1570

4 0/20 632 - 23.7 26.67 1.02 0.0213

5 0/40 : 1300 19.0 68.42 1.46 0.0449

Note: Refer to TableB-14 Appendix B for f1tt1ng resu]ts of f1e3d def1ect1ons to ana]yt1ca11y
determined deflections of this site. L . _ _ _

actual percentage by weight.
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Table B-14. Fitted deflection basins - Site 12°. .

Field Dynaflect deflections at different geophone Deflection basins

basin (F)/ locations (in mils) fitting criterion
Section Ana]ytzc) Ave.%  Summed
No. basin (A W W W W, We varia- Error

L 2 3 4 5 tion e2(10-% in?)

1 F 1.136 0.850 0.514 0.323 0.229

A 1.170 0.823 0.475 0.311 0.231 3.67 0.3554
2 F 1.183 1.015 0.712 0.498 0.352

A 1.210 1.020 0.725 0.507 0.367 2.13 0.1229
3 F 1.250 0.979 0.643 0.411 0.307

A 1.280 1.000 0.645 0.426 0.307 1.70 0.1570

F 0.981 0.750 0.472 0.299 0.224

A 0.939 0.757 0.472 0.309 0.224 1.02 0.0213
5 F - 1.024 0.836 0.592 0.408 0.308

A 1.030 0.852 0.595 0.410 0.296 1.46 0.0449

 %This table is cross referenced

to Table B-13.
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Table B-15. . Fitted e1ast1c-modu1us of pavement layers - Site 13.

Lime-f]yash

: Deflection basin
Modular ratios

ratiod Elastic moduli of layers {Ksi) fitting criterion
Sect. 1 in.AC 6in.L-FA 12in.Flex By B, Es o Esg K Ka K feest o plmed
No, Surf. Base Subbase” Surf. Base Shase | Subg. (E1/E2)(E2/Es)(Es/Esg) tion £2(10-%in2)
1 1%/6 500 200 50

17 2.5 4.00 2.94  4.95 0.3185

Note: Refer to TableB-16 Appendix B for fitting results of field deflections to analytically

determined deflections of this site.
Unctual percentage by weight.

_bRiver gravel Flexible subbase.



¢tl

Tab1e B—16.: Fitted results of field measured Dynafiect deflection basin to
analytically determined basin - Test site No. 13

Field Dynaflect deflection at different geophone - Deflection basins

basin (F)/ locations (in mils) fitting criterion
Section Analytic Ave.%  Summed
No. basin (A) N1 w2 w3 w4 w5 varia~ Error

tion  €2(10°°1in?)

1.098 0.804 0.554 0.414 0.343
1.040 0.833 0.595 0.437 0.333 4.95 0.3185

-

%This table is cross referenced to TableB-15. For field deflections refer to Table F-27, Appendix F.



_ APPENDIX C.
Vertical Deflections at Selected Pavement Depths,
Computed at Dynaflect Sensor-1 Location.
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Table C-1. Vertical deflections at-selected - pavement depths - Site 1.

Deflections at Sensor-1 Location of Dynaflect (in mil) for Section No:

Depth z

{inch) 2 3 4 6 7 8 9 10

0 0.601 0.870 0.904  1.140 1.120 0.877  ° 1.110 1.270
8 0.593 0.871 0.903 1.130 1.100 0.868 1.100 1.250
16 0.467 0.827 0.847 0.924 0.849 0.667 0,867 0.984
28 0.342 0.638 . 0.648 0.677 0.621 0.492 0.636 0,722
40 0.262 0.512 0.517 0.520 0.475 0.379 0.488 0.555
52 0.210 0.425 0.427 0.418 0.380 0.305 0.392 0.447
64 0.175 0.361 0.362 0.348 0.315 0.254 0.325  0.372
76 0.149 0.313 0.314 0.297 0.268 0.217 0.277 0.317

This table is cross referenced to Table 3. =~
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‘Table C-2. Vertical deflections ét'sé1ebfedfpavcment-debthé -~ 'Site 2%,

Deflections at.Sensor-1 location of Dynaflect (in mil) for Section No:

'Depth z

(inch) 2 3 4 5 6 7 8 9

0 0.534 0.521 0.383 0.434 0.687 0.630 0.637 0.929

2 0.537 0.526 0.387 0.439 0.692 0.636 0.643 0.936
14 0.518 0.517 0.380 0.434 0.677 0,632 0.630 .0.929
22 0.451 0.460 0.337 0.394 0.618 0.592 0.574 0.877
34 0.338 0.353 0.257 0.306 0.475 0.467 0.4417 0.695
46 0.269 0,285 0.207 0.250 0.386 0.386 0.358 0.576
58 0.223 0.239 0.173 0.211 0.325 0,325 0.301 0.492
70 0.190 . 0.206 0.148 0.183 0.280 0,280 0.259 0.428

4This table is cross referenced to Table 4.
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TabTe_C—3. ;Vert16a1 deflectidns at se1ected_péVeﬁehtwdeﬁths - site 3°.

. Def}ections,at_Sensofkl location of the Dynaflect -
(in mi1) for Section No: i

Depth z '

{inch) 1 2 3 5 6

0 | - 0.621 0.603 0.480 0.485 0.555
10 0.651 0.629 0.503 0.507 0.573
16 0.590 ~ 0.558 0.462 0.469 0.540
28 0.431 0.405 0.340 0.346 0.408
40 - 0.332 0.311 0.263 0.269 0.323
52 0.269 0.251 0.213 0.219 0.266
o4 0.224 0.209 0.178 0.184 0.225
76 0.192 0.179 0.153 0.158 0.194

“This Table is cross referenced to Table 5.
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Tab}é C-4. Verticél def]ectioﬁs at‘se]ected3pqﬁement depfhs _ Site 42,

Deflect1ons at Sensor-1 . location. of the Dynaflect
{in mil) for Section No: :

Depth z
(inch) 2 3 4 5 6
0 0.673  0.615  0.762  0.709  0.644
14 0.676  0.615  0.761 0.711 0.654
20 0.610  0.541 0.653  0.631 0.614
32 0.466  0.411 0.495  0.469  0.474
44 0.375  0.329  0.393  0.370  0.384
56 0.313 0.273  0.324  0.304 0,321
63 0.268  0.232  0.275  0.257  0.276
0.222  0.241

. 80 0.233 0.202 0.239

éThis_tqb]e is cross referenced to Table 6.
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" Table C—S;VEVerfféé1JaEFfect{dh$ éffséTééféd'bavéméht.depfhﬁ ~7§?te 52,

Deflections at Sensor-3¢tocation of:Dymaflect (in mil) for Section No:

Depth Z ‘

(inch) 1 2 3 4 6 7 8
0 0.559 0.589 0.675 0.611 0.626 0.825 0.584
12 0.574 0.599 0.684 0.627 0.638 0.831 0.600
18 0.532 0.516 0.606 0.588 0.567 0.685 0.555
30 0.399 0.380 0.454 0.448 0.420 0.514 0.418
42 0.316 0.297 0,359 0.359 0.330 0.405 0.331
54 0.261 0.242 0.295 ‘0.298 0.270 0.331 0.273

66 0.221 0.203 0.250 0.254 0,228 0.279 0.232
78 0.191 0.175 0.216 0.220 0.196 0.241 0.201

®This table is cross referenced to Table 7.
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Table Cf6,__Vertica1_def]ectfohsmaf_se1ected'paveménﬁldépthé'- Site 8°.

Def]ect1ons at Sensor-1.location of the Dynaf1ect
~fin mi1l) for Section No:

Depth z
(inch) 2 3 4 5 6
0 0.516 0.620 0.568 0.536 0.515
12 0.532 0.634 0.583 0.547 | 0.525
18 0.504 0.592 0.548 0.505 0.477
30 0.386 0.450 0.419 0.382 0.358
42 0.310 0.360 0.336 0.304 0.285
54 0.257 0.298 0.280 0.252 -0.235
66 0.220 0.254 0.239 0.214 0.200
0.208 0.186 0.173

78 0.191 0.221

aThis table is cross referenced to Table:8,” = -
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Table C-7. :Vértica1 deflections at_se]egfgd paVeménf'dépths';réité'12a;

Deflections (in mil) for Section No.:

Depth z
(inch) 1 2 3 4 5
0 1.170 1.210 1.280 - 0.989 1.030
6 1.170 1.210 1.280 0.986 1.020
18 0.863 0.963 0.974 0.745 0.807
30 0.624 0.756 0.735 0.556 0.629
42 0.476 0.610 0.577 0.433 0.505
54 0.382 0.505 0.470 0.351 0.417
66 0.317 0.429 0.394 0.293 0.353
78 0.270 0.371 0.338 0.251 0.304

®This table is cross referenced to Table Q.



APPENDIX D.
Values of Constants n, C, B and H
Determined by Regression Analysis Number 2.
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Table D-1. Values of.CQnStgntS;m; n,JC%,thnd HLdetermihed Ey

Regression Analyéis wuiber 2 - Site 1%,

Sum of
Values of Constants squared error
Sect ‘ €2

No m n C B H (10‘81n2)
1.7069 0.42653 0.94985 0.86013 83.317 1.7648
3 0.72971 0.29159 1.1116 1.1087 71.012  1.5973
4 0.90735 0.29925 0.99256 1.0048 69.988 2.3571
6 1.5980 0.41803 0.95843 0.8819 78.889 10.870
7 1.7480  0.44157 0.96281 0.85843  81.987 5.7135
8 2.0250 0.36877 0.88208 1.1288 77.00 21.759
9 1.7270 0.43308 0.95431 0.86444 82.986 6.2273
10 1.8075 0.39034 0.91281 0.78855 81.667 9.7403

aconstruction_type-l-;#LJFA'baggjovgr;L or FA subbase.
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, Table D-2. Values of Constants m, n,-C; B- and H determ1ned by
Regression Analysis Number 2 - Site2a; -

Sum of
Values of Constants squared error

Sect e
2 0.74780 0;3]226 1.1292 1.0880 71.00 1.4342
3 0.57605 0.38545 1.2654 1.2288 69.333 1.2350
4 0.63006 0.31972 1.2031 1.1964 71.00 0.6089
5 0.48839 0.34487 1.2758 1}7018 69.012 0.85689
6 0.55765 0.30148 1.2316 1.3114 73.111  2.1924
7 0.41968 0.37198 1.3189 1.8184 67.963 1.0719
8 0.583820 0.36059 1.2406 1.2406 70.037  1.4739
g 0,.37840 0.35365 1.3838 1.9439 67.074  3.6524

afﬁQnStqutiohftype72jffHMAC layer-over fléxible base and L-FA subbase,
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~Table D-3. Values of Constants m, n, C, B:énd H detérmineq_by_
Regression Analysis Number 2 - ‘Sites 3, 4, 5 and 8%.

Sum of
Squared
Values of Constants error

Site  Sect _ g?
No No m n C B H (1073 in2)
3 1 0.88849 0.32666 1.1765 0.81444 78.986 4.1454
3 2 0.96160 0.45467 1.1577 '0:8420 71.00 4.4572
3 3 0.82433 0.51901 1.2465 0.97902 70.332 1.5778
3 5 0.78395 0.53276 1.2320 1.0672 70.002 1.5840
3 6 0.62440 0.36347 1.3580 1.2957 75.014 1.3579
4 2 0.74670 0.46585 1.2037 1.0941 70.00 1.8726
4 3 0.80633 0.37063 1.1940 1.0033 76.039 2.1540
4 4 0.84635 0.30851 1.1484 0(0.99159 78.554 4,3590
4 5 0.81663 0.29394 1.1749 1.0361 78.664 5.0807
4 6 0.55707 0.47436 1.3516 1.3506 72.629 1.5867
5 1 0.70302 0.33349 1.2378 1.2355 81.999 1.2182
5 2 0.92939 0.34777 1.1948 0.91853 75.666 2.3885
5 3 0.85013 0.31259 1.1418 0.92271 78.00 2.3227
5 4 0.60706 0.46594 1.3533 1.3674 72.667 1.8473
5 6 0.86377 0.35767 1.1791 0.91844 75.996 2.9981
5 7 0.90774 0.47551 1.2036 0.89158 70.033 4.1386
5 8 0.707194 0.49881 1.2827 1.1974 69.964 1.9651
8 2 0.52616 0.38772 1.4774 1.3577 79.037 0.64382
8 3 0.64796 0.35801 1.3136 1.2336 76.888 1.1242
8 4 0.58781 0.42185 1.3936 1.3869 73.00 - 0.90458
8 5 0.71242 0.39561 1.3051 1.2343 76.00 0.7169
8 6 0.77686 0.48025 1.2287 1.0694 70.00 0.82822

a. SESPUEE . et e o
Construction type 3 - Flexible base ever-I=FA subbase. . ., & = .

144




Table D~4; Vaiues of Constants m,. n, C B and H determ1ned by _

Regress1on Analysis HNumber 2 - Site: 12

o B W™

Sum of
Squared
Values of Constants error
2
Sect & e
No m n C B H {10 - 1in
1 1.6658 0.34996 0.98882 0.87005 78.959 8.6988
0.88225 0.28750 1.0792 1.0125 63.889 3.8735
1.3417 0.35033 0.99093 0.94960 70.00 8.1049
1.4436 0.36285 0.99615 0.93701 71.963 5.9134
0.98317 0.255361 1.0603 0.99032 68.996 3.8430

qConstruction typé‘ﬂﬁ—iFAQbése;qﬂéfﬂﬁthhajﬁsngfédeﬁi [$'”"
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APPENDIX E.
Predicted Elastic Modulus of Pavement
Layers Computed by Regression Analysis Number 3._
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Tabel E-1.

Phedicted_elastic modu}us_of pavement layers (36 month Sufvey) - Site 1.

Lime-Flyash 2

marked with asterisk.

®Actual percentage by weight.

b

Elastic modulus values given in table are uncorrected values.

Construction type 1 - L-FA base over L or FA subbase,

- : o Modular Deflection
Ratio _ Elasticmodulusof layers (Ksi)® Ratios basin fit.
Section 8in. L-FA 8&in. Lor FA E, E, Esg Ka Ko e o,
No Base Subbase Base. Subbase - Subbase  (Ei/E») (E»/Esg) (10°" in”)
2 4/4 4/0 99.9 %.0 46.5 .11 1.93 2.6208
3 4/8 4/0 118.8 108.8 18.3 1.09 5.92I | 1.6195
4 4/15 4/0 100.0 90.0 18.8 1.11 4.77 2.9155
6 6/6 0/6 99.9 45.0 23.7 2.22 1.90 15.716%
| 7 6/11 0/6 99.9 45;0 29.6 2.22 1.52 15.58%
8 7/18 0/6 99.9 45.0 30.1 2,22 1.49 4.723
9 h/23 0/6 99.9 45.0 24.7 2.22 1.82 9.347
10 6/6 0/6 99.9 45.0 20,3 2.22  2.22 14.546%
Note: Refer to Table E-2, Appendix g for predicted deflections and values of constants. High error €?
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Table E-2. Predicted deflection bésins_and valuéslpf_Coﬁstant

s

(§§;mohfh'éﬁrvéy) - Site 1.

Predicted deflections at geophone -

10

locations (in mils): Values of constants Error
Section '
No " Wy My W Mg moon ¢ K e2(1078 n.?)
2 0.422 0.399 0.335 0.238 0.126 1.31 0.427 1.044 .755  79.68 2.6208
3 0.761 0.721 0.608 0.437 0.237 0.74 0.32 1.084 .96 72.6 1.6195
4 0.802 0.763 0.651 0.483 0.282 0.873 0.348 1.072 .896 74.58 2.9155
6 '_0.809 . 0.764 0.635 0.443 0.22] 1.414 0.415 1.002 .814  79.67 15.716*
7 0.679 0.638 0.524 0.355 0.162 1.492 0.427 0.999 .795 80.38 15.58%
3 0.670 0,630 0.517 0.349 0,158 1,498 0.427 0.998 794 80.43 4.723
9 0.783 0.738 0.612 0.425 0.209 1.43 0,417 1.002 .81 79.82  9.347
0.910 0.861 0.721 0.513 0,270 1.35 0.405 1.00% .83 79.08  14.546%

Note: Refer to Table E-1for predicted elastic moduii and to Table F-4, Appendix F, for field-meastuyed

deflections.

High error €2 marked with asterisk.
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Table E-3. Predicted elastic mpduJQ§ df'bav¢m§Qt_]aygrs (37 month survey) - Site 2.

Lime-flyash Modular Deflection
ratio - ' Elastic mpdulusof layers (Ksi? Ratios _ basin fit
Section Zin.HMAC12in.Flex 8in.L-FAE; E: Es Esg K1 Kz K3
No: Surf.  Base Sbase Surf. Base Sbase  Sgrade  (Ei/E2)(E2/Es)(Es/Esg) e2(107° in?)
2 2/4 300.0 125.0 90.2 32.9 2.40 1.38 2.74 1.495
3 2/8 318.9  143.9 93.9 29.5 2,22 1.53 3.18 1.2393
4 4/8 300.0 125.0 75.0 a41.7 2.40 1.67 1.80 0.7687
5 4/4 378.8 203.7 153.8 32.4 1.86 1.32 4.75 0.8653
6 0/22 300.0 125.0 45.0 21.2 2.4- 2.78 2.12 2.332
.7 2/24 338.2 163.2 113.2 20.€ 2.07 1.44 5.48 1.0711
8 2/16 300.0 125.0 75.0 23.2 2.4 1.67 3.23 1.4843
9 _ 0/15 299.9 125.0 45.0 13.6 2.4 2.78  3.31 3.887

Note: Refer to Table E-4+ Appendix E. for predicted deflections and values of constants.
Construction type 1 - HMAC layer over flexible base L-FA subbase.

dpctual percentage by weight.

bEIdStic_modUTUsjva]UeSfQTVéhfihAtab]e are uncorrected values.
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Table E-4. Predicted deflection basins.and vé]ués_of constants£(32;month survey) - Site 2.

Predicted deflections at geophone. -

Tocations (in mils) Yalues of constants Error
Section ‘ 8 . 2
No Wy W, Wy Wy Wg i n H e2(10 © in.%)
2 0.452  0.427 A0.357 0.253 0.131 0.659 0.366 .192 .143  68.67 1.495
3 0.472 0.448 0.379 0.276 0.155 0.58 0.367 .234 .303 68.57 1.239
4 0.374 0.353 0.2917 0.200 0.09 0.693 0.352 .178 .105 ‘70.15 0.7687
) 0.394 0.376 0.323 0.243 0.147 0.486 0.392 .292 .b24  66.39 0.8653
6 0.598 0.569 0.487 0.364 0.216 0.425 0.314 .347 .895 73.66 2.332
7 0.575 0.550 0.478 0.369 0.236 0.407 0.384 . 354 .829  66.67 1.0711
8 0.582 0.553 0.471 0.347 0.200 0.542 0.357 256 JA04  69.28  1.4843
9 0.857 0.820 0.715 0.554 0.358 0.346 0.318. 421 .314  72.89  3.887

Note: Refer to Table E-4 for predicted elastic moduli and to Table F-6, Appendix F, for field
measured deflections. '
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‘Table E-5. Predicted elastic modulus of paVemént 1ayer$_—18{tes_3,-4, 5 and 8.

Lime-flyash o 5 Modular Deflection
Ratio? Elastic modulus of layers (Ksi)  Ratios ' basin fit.

Site No - ‘

Section Flexible L-FA Ey Es Esg K1 Ka : s s

No: Base Subbase Base Subbase Subgrade  (E;/E») (E»/Esq) e2{10" in. )

3-1 3/6 125.0 75.0 28.7 1.67 2.61 7.5742

3-2 3/9 124.8 74.8 34.5 1.67 2.16 5.5159

3-3 1%/5 125.0 75.0 41.1 1.67 1.82 2.0385

3-5 2/8 125.0 75.0 38.3 1.67 1.96 3.0173

3-6 0/12 201.6 112.5 30.4 1.79 3.69 2.2311

4-2 ' 3/6 124.9 74.9 23.8 1.67 3.15 2.417

4-3 3/9 125.0 75.0 - 26.9 1.67 2.78 2.6584

4-4 0/12 125.0 45.0 23.7 2.78 1.90 5.6059

4-5 1%/5 116.1 75.0 25.8 1.55 2.90 6.2628

4-p 2/6 163.7 93.1 22.G 1.76 4.23 2.6891

5-1 3/6 202.5 112.9 29.6 1.79 3.81 1.9954

5-2 3/9 124.9 75.0 34.1 1.67 2.19 3.1317

- 5-3 0/12 125.0 45.0 27.1 2.78 1.66 4.,4355
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Table E-5. Predicted elastic modulus continued.

Lime-flyash Modular Deflection
Ratiod Elastic moduli of layers (Ksi)  Ratios basin fit.
Site No - :
Section Flexible L-FA E, E, Esg K1 Kz
No: Base Subbase Base Subbase Subgrade  (Ei/E,) (Es/Esg) e2(10~°% in.?)
5-4 2/8 189.3 130.1 23.8 1.45 5.47 2.8719
5-6 %/5 125.0 75.0 29.5 1.67 2.54 3.6757
5-7 ' 0/25 124.8 44.8 24.1 2.78 1.86 5.4578
5-8 0/23 125.0 45.0° 28.3 2.78 1.59 5.026
8-2 ' 2/4 189.3 124.1 30.1 1.52 4.12 0.973
8-3 2/6 125.0. 75.0° 26.6 1.67 2.82 1.836
8-4 2/8 142.8 82.3 27.2 1.73 3.02 1.853
8-5 3/6 125.0 75.0 31.5 1.67 2.38 1.1372
0 . 45.0 35.2 2.78 1.28 1.7278

8-6 0/8 125.

Note: Site 3 - 10 in. base/6 in. subbase; Site 4 - 14 in. base 6/in. subbase; Site 5 and.8-12 in.
base/6 in. subbase; Refer to Table E-6, Appendix E for predicted deflections and values of
constants. ATl sites are construction type 3 - Flexible base over L-FA subbase. Survey
periods: Site 3-33 months; Site 4-37 months; Site 5-33 months; Site 8-26 months.

qactual percentage by weight.

'pETastjclmOdqu$_Va]ué'given;iq‘tabieS;are'uncorrected values.
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Table E-6. Predicted deflection basins and values of constants --Sites 3, 4, 5 and 8.

Predicted deflections at geophone -

locations (in mils): Values of constants Error
Site No-
Section -
No W] N2 'w3 W4 N5 m n C B H e*(10
3-1 0.601 0.571 0.484 0.354 0.200 0.834 0.42 1.239 0.97 73.52  7.5742
3-2 0.533 0,495 0.416 0,298 0.159 0,907 0,407 1.197 0.897 73,72 5.5159
3«3 0.456 0.430 0.359 0.252 0.127 0.968 0.398 1,167 0.846 73.87 2.0385
3-5 0.482 0.45 0.381 0,269 0,139  0.944 0,401 1.179 9.865 73.81  3,0173
3-6 0.510 0.487 0.423 0.326 0,208 0.674 0.456 1,351 1.176 72,84 2.2311
4-2 0.599 0.573 0.498 0.384 0.246 0.644 0,368 1,277 1.265 76.7 2.417
4-3 0.545 0.521 0.450 0.342 0.213 0.691 0.359 1.242 1.186 76.87 2.6584
4-4 0.659 0.628 0.541 0.409 0.250 0.78 0.364 1.214 1.058 75.61 5,6069
4-5 0.565 0.540 0;467 0.355 0.221 0.679 0.359 1.247 1.206 77.0 6.2628
4-6 0.592 0.570 0.504 0.404 0.280 0,522 0.398 1.39 1.53 76,06  2.689]
5—1 0.483 0.464 0.406 0.318 0.210 0.611 0.422 1,36 1.307 74,47 1.9954
5-2 0.489 0.464 0.393 0.288 0.163 0.835 0.375 1.194 0.983 75.41 3.1317
5-3 0.639 0,607 0.515 0.377 0,213 0.882 0.39 1.198 0.931 74.0 4.4355
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Table E-6. Predicted deflections continued.

Predicted deflections at geophone

locations (in mils) " Values of constants Error
Site No- _
Section : 8 .
No N] NZ Ns W4 N5 m n C B H - e2(10 ° 1in.
5-4 0.542 0.522 0,465 0,378 0,269 0.451 0,462 1,517 1.725 74,21 2,8719
5-6 0.547 0.520 0.445 0.330 0.194 0.782 0.384 1.226 0.044 75.25 3.6?57
5-7 0.701 0.667 0.569 0.422 0.247 0.849 0.395 1.217 0.965 73.9 5.4578
5-8 0.617 0.586 0.496 0.361 0.202 0.894 0.388 1.192 0.92 74.04 5.026
8-2 0.471  0.451 0.395 0.309 0.204 0.582 0.423 1.374 1.367 74.73 0.973
8-3 0.591 0.564 0.484 0.364 0.219 0.741 0.391] 1.252 1.086 75.12 1.836
8-4 0.566 0.540 0.466 0.354 0.219 0.71 0.398 1.275 1.138  74.92 1.853
8-5 0.520 0.495 0.421 0.310 0.179 0.806 0.38 1.211 1.015 75.32 1.1372
_8~6 0.517 0.489 0.410 0.29] 0.153 0.949 0.38 ].164_ 0.871 74.18 1.7278

Note: Refer to Table E-5for predicted elastic moduli and Tables F-10, F-15, F-29, F-23, Appendix F,
for field measured deflections::- ' '
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Table E-7. Predicted elastic modulus of pavement Tayers (22 month suséy)"_ sjte 12.

Modular Deflection

Lime-flyash ,
Ratiod Elastic!nodUTuS'Of']ayers'(Ksi? - Ratios ~basin fitting .
Section 6 n, FA Stabilized . Esg ko R
No: Base, Base Subgrade (E1/Esg) e2(1078 in.?)
1 o200 200.4 24.6. 8.14 11.148*
2 0/30 1060.3 6.0 66.11 3.8644
3 0/40 167.3 18.3 - 25.42 8.122]
4 0/20 414.7 25.1 16.45 6.1299
5 0/40 - 1465.8 18.3 80.01 3.8439

Note: Refer to Table E-8, Appendix E, for predicted deflections and values of constants.
High error ¢ marked with asterisk. Construction type 4 - FA base over natural subgrade.

Apctual percentage by weight.

bE]astic'modu1USlva1ues given .in-tables en uncorrected values.
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“Table

E-8. Predicted deflection basins and values of constentS'(ZZ'month survey) - Site 12°.

Predicted deflections at geophones
locations (in mils)

VYalues of constants Error

Section -8 . 2
No Wy W, Wy Wy We m n C B H £2(107° in.%)
1 0.901 0.825 0.613 0.319 0.148 1.712 0.375 0.972  0.887 76.98 11.148*

2 ~1.078 1.014 0.832 0.563 0.257 1.004 0.289 1.055 0.99  66.98 3.8644

3 1.081 1.006 0.796 0.492 0.159 1.46 0,347 0.996 0.917 73.85 8.1221

4 0.829 0.766 0.592 0.344 0.077 1.586 0.361 0.984  0.901 75.46 6.1299

5 0.914 0.859 0.703 0.473 0.21 0.884 0.272 1.075 1.017  64.79 3.8439

%Refer to Table E-7 for predicted elastic modulus and Tab1e F- 25 Appendqx F for field measured

def]ectlons

" 'High.error marked with asterisk.
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Table E-9. Predicted elastic modulué of payement”Jayers (3 month, 12 month and 22 month survey) -

3 month survey

12 month survey

22 month survey

Construction type'l = L-FA base over.L-FA subbase.

aThé_é]anic modiTus values given in tabel are uncorrected values.

Sect 2 2 2

No E1 E, Esg € E1 E2 Esg £ E, E27 Esg ¢

.2 100.0 90.0 40. 2.988 100.4 90.4 41.1 2.107 102.7 92.7 39.9 2.197
3 123.3 113.3 18. 3.769 124.5 114.5 17.1 4.006  127.00 17.0 17.3 4.386
4 131.0 121.0 18. 3.28 132.4 122.4 ]8.3‘ 3.07 124.5 114.5 17.8 2.527
b 99.9 45.0 21. 16.1* 109.0 54.0 21.3 7.7 99.9 45.0 21.7 9.463
7 99.9 45.0 29. 17.2% 99.9 45.0 29.8 4,241  99.9 45.0 26;7 6.41
8 99.9 45.0 27. 10.63* ]23.4 68.4 27.6 2.553 12].0 66.0 27.3  3.556
g 99.9 45.0 24. 9.66 129.7 74.7 23.1 3.1 127.0 72.0 21.8 5.08
10 99.9 45.0 17. 31.02% 100.0 45.0 17.8 8.87 101.9 46.9 17.8 9.55
Note: Elastic moduli in Ksi; €2 in 107 in.%; high,ePPOT;EZTmarkedfwith;ast?TjSkiﬂ.f .
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Table E-10. Predicted e1ést1c modu]qsa of payementVTders (24 month'survéy) B} Site 2.

24 month survey

Section o

No Ex E2 Es Esg g2

2 300.0 . 125.0 88.3 31.6 2,094

3 316.8 141.8 91.8 30.6 1.185
300.0 - 125.0 - 75.0 43.0 0.894

5 399.6 224.5 174.5 29.6 1.338

6 300.0 125.0 45.0 23.3 ' 2.84

7 338.2 163.1 - 113.1 22.3 1.504

8 307.5 132.5 82.5 24.3 : 1.8

9 299.9 125.0 45,0 12,9 7.437

Note: Elastic moduli in Ksi; €% in 107° in.z; Construction type 2 - ‘HMAC layer over <
) flexib1e base and L-FA subbase. ' '

A7he elastic modulus values given in the table are uncorrected values.
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Table E-11. Predicted_g]astié_modu]u$a_of_pavement 1ayer§5(] month'and 12 month survey) -

Site 3. - col L
7 month survey 12 month survey
~ Section _

No _ E4 Es Esg g2 E. E, Esg : g?

1 185.4 130.8 22.8 4,558 125.0 75.0 35.6 3.5081
2 185.4 130.8 22.8 4,558 124.9 75.0 42,7 3.581
3 191.3 120.2 29.6 2.365 125.0 75.0 43.3 1.99
5 191.5 105.2 29.2 2.735 125.0 75.0 39,4 2.646
6 . 208.2 126.1 23;4 3.457 217.4 127.1 31.8 1.995

Note: Elastic moduli in Ksi; €2 in 10~% in%. Construction type 3 - Flexible base over L-FA subbase.

The elastic modulus values given in the table are uncorrected values.
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Table E-12. Predicted elastic modulusa_of pavement;1ayers (19-mohfh and 43 month survey) - Site 3.

19 month survey 43 month survey

Section

No E, E, Esg g2 " E, E, ~ Esg g?

1 125.0 75.0 - 32.0 2.925 125.0 75.0 29.1 5.326
2 110.8 75.0 37.5 - 2.305 124.9 75.0 38.3 6.311
3 125.0 75.0 39.1 1.691 124.8 75.1 36.3 4.0

5 125.0 75.0 36.1 2.428 125.0 75.0 35.9 3.881
6 215.0 131.8 27.9 1.5056 185.4 96.3 26.3 2.996

Note: Elastic modulus in Ksi; e? in 107% in.2; Construction type 3 -.Flexib®& base over L-FA subbase.

Arhe elastic modulus values given in the table are uncorrected values.
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Table E-13. _Pfedfcted elastic modulus® of pavemeﬁt'1éyers_(6 mqnth; 12 month and ‘
-.. 24 month survey) ~ Site 4. : S

Section 6 month survey 12 month survey 24 month survey
No E, E, Esg g? £, £, Esg g2 Eq E, Esg g2

| 2 124.6 75.0 21.2  18.76* 215.0 158.8 24,0 1.581 210.0 125.2 24.3 1.77
3 124.9 75.0 21.2  33.51* 125.0 75.0 22.9 4.012 125.0 75.0 25.0 3.524
4 124.9 45.0 18.6 54.38* 125.0 45.0 20.5 7.631 125.0 45.0 22.2 5.882
5 124.9 75.0 19.6 37.91* 125.0 75.0 21.3 6.1 125.0 75.0 23.3 5.113
6 124.9 75.0 18.3 31.25* 199.5 147.4 19,3 2.674 197.4 142.7 20.8 2.186

Note: Elastic moduli in Ksi; €2 in 107" in.” high ercor 2 marked with asterisk;
Construction type 3.- Flexible base over L-FA subbase.

aThe:éJast{c mOdu]usfva1UéswgiﬂEn'in'the table are uncorrected values.
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‘Table E-14. 'Prédicted elastic modu1usb'of,bavementﬂlayers:(8 month and 16 month survey) -

Site 5.

Section 8 month survey 16 month survey

No E, E, Esg g2 E, E, Esg g?

1 229.5 161.5 30.4. 2.253 239.8 188.1 26.4 1.154

2 125.0 75.0 34.8 2.39 228.5. 128.9 33.1 1.124

32 125.0  45.0 27.5 5.197 - - - -
4 219.8 158.4 27.6 2.795 234.6 183.0 23.6 1.89

6 123.6 73.6 34.8 4,386 125.0 75.0 | 29.2 3.047

7 124.9 45.0 24,4 9.215 124.9 44.9 24.3 3.933

8 125.0 45.0 26.9 5.142 125.0 45.0 - 27.2 5.363

Note: Elastic moduli in Ksi; e? in 107° in.%. Construction type 3 - Flexible base over L-FA subbase.

d 16 month survey data not available for Section 3.

b-The e]astic'deUIUS'va]ﬁes,g1Ven.1nfthe-tab?e are uncorrected values.
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Table E-15. Predicted elastic modulusa of pavement layers (21 month and 40 month'sqrvey) - Site 5.

21 month survey

40 month survey

Section
~ No B, Eo Esg g2 Ey E, Esg g2
1 239.8 186.5 27.9 1.637 125.0 75.0 30.8. 3.11
2 ' 125.0 75.0 35.4 3.019 124.9 75.0 33.9 4.364
3 239.5 108.6 28.4 2.481 125.0 45.0 28.6 4.41
4 232.1 179.9 25.0 2.242 125.0 75.0 25.3 4,234
6 125.0 75.0 30.3 3.599 123.3 75.0 32.4 3.51
125.0 45,0 23.5 5.5 124.9 45.0 26.2 5.946
| 8 215.0 107.2 26,2 2.933 125.0 45.0 31.1 4,279

Note: Elastic moduli in Ksi; e? in 107° in?; Corstruction type 3 - Flexible base over L-FA subbase.

8The elastic modulus values given in the table are uncorrected values.
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Table E-~16. Predicted e]asgicﬂmodu}usa of pavement layers (6 month and 12 month survey) - Site 8.

Section 6 month survey 12 month survey

No Eq E» Esg g2 Ey E, Esg €?

2. 111.5  75.0 29.9 3.935 125.0 75.C 29.2 4,959
3 127.3 - 49.3 24.8 4.296 125.0 75.0 25.8 5,997
4 124.9 75.0 26.3 4.96 120.4 75.0 23.8 2.261
5 124.9 75.0 30.3 7.537 124.8 74.8 30.6 4.55

6 214.9 45,0 34.3 8.267 124.4 45.0 35.6 | 5.106

Note: Elastic moduli in Ksi; €® in 107% in.2; Construction type 3 - Flexible base over L-FA subbase.

“2The elastic_modulus va]ues‘91Ven,1ﬁ the table are uncorrected values.
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Table E-17.

Predictgd'éiastic modg?ﬂsa of,payement_]ayers (8 mdnth and 44 month gurveys) - Site 12.

8 month survey 44 month _survey . .
Section '
No: E Esg g2 E1 Esg e?
1 200.0 25.7 14.518% 200.0° 25.2 14,32*%
2 1322.0 15.8 6.731 1210.0 15.3 4.396
3 1600.3 16.3 13.677 342.5 17.8 9.744
4 389.8 23.3 8.919 328.3 24.3 8.45
5 440.0 17.4 9.874 1636.8 19.1 3.994
Note: Elastic moduli in Ksi; €2 in 10-% 4n.2%; Construction type 4 - FA base over natural subgrade;

High error e marked with asterisk.

the_e]qstjgﬁmodu]us_va]ue;:giyen in the table are uncorrected values.



_ APPENDIX F.
Dynaflect Deflection Measurements
of the Test Sites, Used in the Study.
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Tab1e~F;L

Dynaflect deflection measurements
for Site No. 1 (3 month

survey

Average deflections (in mils)
at geophone no:

Test SCI dard _
Section standar Points in
No WT w2 w3 w4 NS deviation average
0.523 0.383 0.265 0.205 0.151 0.054 21
0.574 0.415 0.266 0.192 0.139 0.043 21
0.874 0.660 0.492 0.391 0.312 0.080 21
0.763 0.616 0.468 0.38 0.311 0.071 21
1.067 0.819 0.599 0.475 0.369 0.054 21
1.149 0.753 0.448 0.343 0.264 0.078 21
1.056 0.708 0.402 0.269 0.189 0.064 21
0.964 90.631 0.378 0.275 0.202 0.037 21
1.010 0.696 0.436 0.321 0.232 0.035 21
0 1.499 0.994 0.592 0.434 0.319 0.088 21

— O 00 IO T DN —

‘AMeasurements date 1-23-80, Dynaflect

48.5°F (40°F-57°F).

test date (27).

Table F-2.

Dynaflect deflection measurements
for Site No. 1 (12 month survey

No. 39, mean air temperature
Pavement condition estimated to be 'wet' on the

Average defiections (in mils)
at geophone no:

1.144

Test SCI .
Section standard Points 1in
‘No wl w2 w3 w4 NS deviation average

1 0.438 0.33%9 0.267 0.219 0.154 0.076 21

2 0.526 0.380 0.272 0.203 0.137 0.040 21

3 0.761 0.616 0.510 0.420 0.329 0.060 21

4 0,718 0.5%0 0.482 0.394 0.307 0.113 21

5 0.830 0.669 0.546 0.439 0.329 0.074 21

6 0.965 0.695 0.485 0.361 0.264 0.096 21

7 0.853 0.650 0.434 0.304 0.189 0.085 21

8 0.718 0.572 0.414 0.300 0.204 0.052 21

9 0.804 0.639 0.4717 0.353 0.244 . 0.077 21

10 0.850 0.595 0.448 0.316 0.295 21

Measurements date 10-1-80, Dynaflect No. 39, mean air temperature

79.5°F (74°-85°F).

test date (27).

Pavement condition estimated to be ‘wet' on the
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Table F-3

Dynaflect deflection measurements
for Site No. 1 (22 month survey)?

Average deflections (in mils)
at geophone no:

Test A _ SCI

Section- standard Points in
No w1 w2 w3 N4 wS deviation . average
1 0.434 0.348 0.266 0.211 0.151 0.057 21

2 0.527 0.396 0.272 0.200 0.141 0.052 21

3 0.721 0.613 0.489 0.414 0.326 0.047 21

4 0.790 0.672 0.492 0.402 0.316 0.066 21

5 0.895 0.740 0.564 0.461 0.345 0.086 21

6 1.047 0.735 0.479 0.364 0.259 0.106 21

7 0.959 0.732 0.476 0.335 0.211 0.100. 21

8 0.746 0.567 0.399 0.302 0.206 0.089 21

9 0.860 0.667 0.457 0.360 0.258 0.086 21

10 1.120 0.853 0.564 0.440 0.3176 0.120 21

IMeasurements date 8-19-81, Dynaflect No.

76°F (71°F-81°F).
test date (27).

Table F-4.

39, mean air temperature
Pavement condition estimated to be 'wet' on the

Dynaflect deflection measurements
for Site No. 1 (36 month survey)®

Average deflections (in mils)
at geophone no:

- No

SCI
ggziion staqda?d Points in
w] w2 w3 w4 W deviation average
1 0.478 0.369 0.271 0.203 0.140 0.079 21
2 0.559 0.414 0.272 0.182 0.12] 0.042 21
3 0.828 0.712 0.534 0.400 0.307 0.071 21
4 0.877 0.726 0.532 0.395 0.299 0.157 21
5 1.051 0.824 -0.593 0.503 0.465 0.149 21
6 1.163 0.810 0.487 0.355 0.238 0.092 21
7 1.030 0.807 0.484 0.316 0.190 0.116 21
8 0.836 0.610 0.400 0.279 0.187 0.156 21
9 1.036 0.817 0.493 0.332 0.228 0.121 21
10 1.236 0.925 0.568 0.405 0.278 0.101 21

Measurements date 10-26-82, Dynaflect No. 39, mean air temperature
Pavement condition estimated to be 'wet' on the

72.5°F (62°-83°F).
test date (27).
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" No

Table F-5, Dynaflect deflection measurements
for Site No. 2 (24 month survey)®

Average deflections (in mils)
at geophone no:

Test SCI

Section standard Points in
No w] : w2 W3 w4 w5 deviation average
1 0.808 0,599 0.472 0.368 0.28] 0.045 17

2 0.593 0.426 0.319 0.244 0.178 0.039 17

3 0.534 0.403 0.316 0.233 0.184 0.021 17

4 0.422 0.311 0.231 0.176 0.131 0.011 17

5 0.477 0.354 0.262 0.225 0.190 0.026 17

6 0.690 0.501 0.373 0.299 0.242 - -

7 0.630 0.492 0.382 0.315 0.253 0.038 17

8 0.646 0.487 0.374 0.304 0.232 0.085 17

9 1.132 0.868 0.649 0.523 0.435 0.370 15

qMeasurements date 8-24-81, Dynaflect No. 39, temperature and time of day
not recorded. Measurements were taken after the site was re-surfaced
with 2" HMAC layer. Estimated mean air temperature 82°F on the test
‘date and 'dry' condition of the pavement (27).

Table F-6. Dynaflect deflection measurements
for Site No. 2 (37 month survey)®

Average deflections (in mils)
at geophone no:

Test SCI dard
Section standar Points in
w] w2 w3 w4 NS deviation average

1 0.658 0.495 0.396 0.334 0.268 0.172 17

2 0.543 0.426 0.293 0.222 0.171 0.027 17

3 0.543 0.426 0.310 0.24%9 0.197 0.045 17

4 0.394 0.323 0.225 0.178 0.135 0.040 17

5 0.450 0.365 0.259 0.218 0.174 0.031 17

6 0.720 0.564 0.413 0.343 0.265 0.039 17

7 0.641 0.538 0.411 0.351 0.273 0,042 17

8 0.669 0.537 0.404 0.321 0.243 0.064 16

9 1.011 0.821 0.612 0.517 0.415 0.052 15

Measurements date 10-27-82, Dynaflect No. 39, mean air temperature 77°F
(72°-82°F). Measurements were taken after the site was re-surfaced
with 2" HMAC layers, Pavement condition estimated to be 'sTightly wet'
on the test date (27). '
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Tabie ‘F-7. Dynaflect deflection measurements
for Site No. 3 (7 month survey)?

Average deflections (in mils)
at geophone no:

Test - SCI

Section standard Points in
No w] w2 w3 w4 NS deviation average

1 0.693 0.525 0.374 0.290 0.247 0.050 20

2 0.725 0.549 0.377 0.276 0.217 0.032 20

3 0.579 0.448 0.327 0.246 0.190 0.046 20

4 0.539 0.415 0.332 0.269 0.231 0.042 20

5 0.599 0.462 0.332 0.253 0.193 0.037 20

6 0.662 0.525 0.386 0.292 0.241 0.032 20

dMeasurements date 7-15-80, Dynaflect No. 29, temperature and time of
day not recorded. Estimated mean air temperature 90°F on the test
date and 'dry' condition of the pavement (27).

Table F-8. Dynaflect deflection measurements
for Site No. 3 (12 month survey)a

Average deflections (in mils)
at geophone no:

Test SCI

Section standard Points in
No w] w2 w3 w4 w5 deviation average

1 0.574 0.401 0.279 0.197 0.158 0.061 20

2 0.597 0.411 0.266 0.171 0.132 0.062 20

3 0.502 0.368 0.252 0.166 0.130 0.052 20

4 0.460 0.341 0.254 0.192 0.164 0.044 20

5 0.515 0.373 0.262 0.178 0.143 0.032 20

6 0.532 0.422 0.312 0.220 0.177 0.030 ‘ 20

AMeasurements date 12-2-80, Dynaflect No. 48, mean air temperature 58°F
(57°-59°F). Pavement condition estimated to be 'dry’' on the test date
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Table F

-9.

Dynaflect deflection measurements
for Site No. 3 (19 month sur'vey)a

Average deflections (in mils)
at geophone no:

Test SCI

Section standard Points 1in
No wl w2 w3 w4 w5 deviation average

1 0.579. 0.443 0.330 0.225 0.176 0.049 20

2 0.609 0.461 0.320 0.205 0.150 . 0.058 20

3 0.491 0.388 0.288 0.190 0.144 0.032 20

4 0.445 0.364 0.292 0.214 0.178 ~0.041 20

5 0.519 0.405 0.296 0.197 0.156 0.039 20

6 0.556 0.472 0.367 0.259 0.202 0.031 20

Measurements date 7-20-81, Dynaflect No.
110°F (109°-111°F).

the test date (27).

Pavement condition

Table F-10. Dynaflect deflection measurements

for Site No. 3 (33 month survey)®

48, mean air temperature
estimated to be 'dry' on

Average deflections
at geophone no:

(in mils)

Test SCI

Section standard Points in
No W) W, Ws Wy Wy deviation  average

1 0.647 0.480 0.271 0.213 0.196 0.061 20

2 0.676 0.470 0.274 0.193 0.163 0.092 20

3 0.518 0.381 0.259 0.188 0.137 0.045 20

4 0.461 0.344 0.263 0.213 0.169 0.038 20

5 0.506 0.368 0.255 0,192 0.147 0.037 20

6 0.573 0.445 0.326 0.245 0.185 0.045 20

@Measurements date 9-9-82, Dynaflect No. 48, mean

89.5°F (85°-94°F). Pavement condition estimated

test date {27)..
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Table F-11. Dynaflect deflection measurements
for Site No. 3 (43 month survey)?

Average deflections (in mils)
at geophone no:

Test ' 5CI
Section standard Points in
- No wl w2 w3 w4 ws deviation average

1 0.702 0.471 0.328 0.247 0.193 0.068 20

2 0.714 0.463 0.302 0.215 0.147 0.080 20

3 0.619 0.402 0.277 0.204 0.155 0.052 19

4 0.516 0.360 0.276 0.223 0.178 0.032 20

5 0.552 0.372 0.265 0.209 0.157 0.045 20

6 0.666 0.510 0.377 0.291 0.214 0.069 20

UMeasurement date 7-28-83, Dynaflect No. 48, mean air temperature 82.5°F
(80°-85°F), Pavement condition estimated to be ‘dry' on the test date

(21).
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TabTeEF-lZ.” Dynafiect deflection measurements
for Site No. 4 (6 month survey)®

Average deflections (in mils)
at geophone no:

Test SCI

Section standard Points in
No wl wZ w3 w4 w5 deviation average

1 0.988 0.602 0.442 0.352 0.288 0.066 19

2 1.054 0.607 0.420 0.330 0.266 0.086 21

3 1.200 0.688 0.457 0.282 0.265 0.079 20

4 1.498 0.786 0.595 0.314 0.303 0.122 20

5 1.273 0.676 0.473 0.299 0.287 0.079 20

6 1

.255 0.733 0.58% 0.323 0.308 0.042 20

aMeasurements date 4-9-80, Dynaflect No. 29, temperature or time of
day not recorded. Estimated mean air temperature on the test date
60°F and 'slightly wet' condition of the pavement (27).

Table F-13.. Dynaflect deflection measurements
for Site No. 4 (12 month survey)®

Average deflections {in mils)
at geophone no:

Test SCI

Section standard Points in
No wT WZ w3 w4 w5 deviation average

1 0.493 0.435 0.354 0.291 0.264 0,024 20

2 0.537 0.457 0.349 0.270 0.235 = (0.035 21

3 0.634 0.504 0.374 0.284 0.246 0.034 20

4 0,792 0.586 0.417 0.317 0,274 0.054 20

5 0.686 0.505 0.373 0.294 0.264 0.032 20

6 0.643 0.535 0.413 0.325 0.292 0.015 20

IMeasurements date 10-16-80, Dynafiect No. 48, mean air temperature
86°F (82°-90°F). Pavement condition estimated to be 'slightly wet'
on the test date (27). ' _
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Table F-14. Dynaflect deflection measurements
for Site No. 4 (24 month sur‘vey)a

Average deflections (in mils)
at geophone no:

Test SCI-

Section standard Points in-
No w] w2 w3 w4 WS deviation average

1 0.530 0.450 0.382 0.298 0.260 0.028 20

2 0.570. 0.462 0.363 0.275 0.232 0.044 21

3 0.594 0.460 0.360 0.269 0.225 0.035 20

4 0.769 0.556 0.413 0.306 0.254 0.048 T 20

5 0.703 0.488 0.366 0.276 0.242 0.076 20

6 0.624 0.500 0.403 0.315 0.271 0.018 20

®Measurements date 10-13- 81, Dynaflect 48, temperature or time of day
not recorded. Estimated mean air temperature 84°F on the test date
and 'wet' pavement condition (27).

Table F-15.- Dynaflect deflection measurements
for Site No. 4 (37 month survey)®

Average deflections (1in m11s)
at geophone no:

Test . SCI

Section standard Points 1in
No wl w2 w3 w4 NS deviation average

1 0,583 0.489 0.377 0.314 0.251 0.075 20

2 0.695 0.558 0.399 0.315 0.237 0.052 - 21

3 0.649 0.497 0.347 0.274 0.209>  0.051 20

4 0.794 0.572 0.385 0.308 0.238 0.072 20

5 0.767 0.525 0.340 0.279 0.218 0.070 20

6 0.647 0.519 0.385 0.323 0.256 0.024 20

aMeasurements date 11-23-82, Dynafiect No. 48, mean air temperature 79°F
(75°-83°F) Pavement condition estimated 'dry' on the test date (27).

bMu]t1p11er error in reading Wg recorded as 2.090, corrected to O. 209

by graphical verification of basin shape.
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Table F-16.. Dynaflect deflection measurements
for Site No. 5 (8 month survey)?

Average deflections (in mils)
at geophone no:

Test . SCI

Section standard Points in
No wl w2 w3 w4 w5 deviation average
1 0.506 0.378 0.281 0.210 0.185 0.036 21

2 0.523 0.409 0.274 0.199 0.162 0.038 21

3 0.673 0.515 0.341 0.249 0.205 0.026 21

4 0.549 0.405 0.303 0.228 0.204 0.059 21

5 0.518 0.383 0.289 0.218 0.193 0.030 21

6 0.637 0.417 0.284 0.196 0.162 0.094 21

7 0.943 0.712 0.447 0.300 0.231 0.039 21

8 - 0.712 0.526 0.359 0.258 0.209 0.028 21

AMeasurement date 12-4-80 for Sect. 1,4,5, & 6, mean air temperature
65°F (64°-66°F). Measurement date 3-9-81 for Sect. 2,3,7 & 8,
temperature or time of day not recorded. Dynaflect 48 used for both
measurements, Pavement condition estimated to be 'slightly wet' on
the test date {27).

Table F-17. Dynaflect deflection measurements
for Site No. 5 (16 month survey)?®

Average deflections {in mils)
at geophone no:

Test + SCI

Section W, W, Wy Wy We standard Points 1in
No deviation average

1 0.499 0.407 0.348 0.257 0.213 0.036 21

2 0.476 0.378 0.307 0.216 0.170 0.033 21

4 0.557 0.440 0.365 0.281 0.239 0.054 21

5 0.488 0.390 0.330 0.258 0.220 0.025 21

6 0.634 0.460 0.343 0.242 0.193 0.077 21

7 0.815 0.641 0.451 0.311 0.232 0.028 21

8 0.617 0.476 0.358 0.262 0.207 0.028 21

dMeasurements date 7-21-81, Dynaflect No. 48, temperature and time of
' day not recorded. Section 3 measurements in error therefore deleted.
Pavement condition estimated to be 'dry' on the test date and mean

air temperature 87°F‘(g1)3
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Table F-18.

Dynaflect deflection measurements
for Site No. 5 (21 month survey)®

Average deflections (in mils)
at geophone no:

Test SCI

Section Standard Points in
No w] “2 WS w4 w5 deviation average
1 0.496 0.406 0.302 0.239 0.202 0.036 21

2 0.463 0.362 0.260 0.191 0.159 0.033 21

3 0.565 0.439 0.322 0.243 0.198 0.026 21

4 0.549 0.428 0.329 0.262 0.225 0.047 21

5 0.504 0.404 0.314 0.250 0.213 0.024 21

6 0.595 0.434 0.301 0.228 0.186 0.074 21

7 0.830 0.628 0.428 0.309 0.240 0.031 21

8 0.609 0.470 0.342 0.263 0.215 0.031 21

Measurements date 12-28-81, Dynaflect
67.5°F (60°-75°F).

~on the test date

(21).

Table F-19.

No. 48, mean air temperature .

Dynaflect deflection measurements
for Site No. 5 (33 month sur'vey)a

Pavement condition estimated to be 'slightly wet'

Average deflections (in mils)
at geophone no:

Test

SCI

Section standard Points in

No w1 w2 w3 w4 w5 deviation average
0.541 0.416 0.314 0.244 0.190 0.049 21
0.633 0.467 0.316 0.221 0.165 0.068 21
0.675 0,517 0.360 0.272 0.208 0.061 21
0.632 0.483 0.363 0.291 0.237 G.065 21
0.619 0.487 0.372 0.300 0.240 0.034 21
0.671 0.477 0.331 0.249 0.191 0.085 21
0.854 0.649 0.430 0.316 0.234 0.048 21
0.622 (0.459 0,340 0.216 0.199 0,040 21

O~ PO

Measurements date 12-16-82, Dynaflect No. 48, mean air temperature

66.5°F (58°-75°F).

on the test date (27).-
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Table F-20. Dynaflect deflections measurements
for Site No. 5 (40 month survey)?®

Average deflections (in mils)
at geophone no:

Test SCI

Section standard Points in
No w} wz W w4 w5 deviation average
1 0.587 0.398 0.320 0.248 0.183 0.091 2]

2 0.682 0.449 0.330 0.239 0.166 0.083 21

3 0.678 0.460 0.359 0.270 0.197 0.066 21

4 0.690 0.473 0.375 0.297 0.223 0.076 21

5 0.630 0.445 0.363 0.292 0.219 0.047 21

6 0.659 0.433 0.328 0.246 0.174 0.078 21

7 0.862 0.581 0.437 0.308 0.215 0.037 21

8 0.599 0,398 0.330 0.256 0.181 0.047 21

Measurements date 7-27-83, Dynaflect No. 48, mean air temperature

87.5°F (80°-95°F).

test date (27).
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Table F-21. Dynaflect deflection measurements
for Site No. 8 (6 month sur‘vey)a

Average deflections (in mils)
at geophone no:

Test ’ SCI

Section: . standard Points in
No w] w2 w3 w4 w5 deviation average

1 0.720 0.491 0.303 0.212 0.743 0.030 20

2 0.705 0.500 0.350 0.253 0.188 0.058 20

3 0.779 0.573 0.408 0.301 0.226 0.091 20

4 0.783 0.573 0.403 0.282 0.214 0.062 20

5 0.786 0.565 0.362 0.255 0.186 0.079 20 -

6 0.793 0.535 0.335 0.235 0.164 0.059 20

qMeasurements date 9-11-79, Dynaflect 39, mean air temperature 80°F
(72°-88°F). Pavement condition estimated to be 'wet' on the test
date (Q)

Table F-22. Dynaflect deflection measurements
for Site No. 8 (12 month survey)a

Average deflections (in mils}
at geophone no:

Test SCI
Sections W W W W W standard Points in
No 1 2 3 4 5 deviation average
0.636 0.401 0.254 0.191 0,137 0.024 19
0.672 0.447 0.308 0.237 0.193 0.026 20
0,763 0.508 0.354 0.273 0.218 0.066 20
0.712 0.682 0.458 0.313 0.237 - 0.039 19
0.682 0.458 0.313 0.237 0.184 0.037 20

OO WD N -

0.684 0.435 0.288 0.215 0.158 0.039 20

Measurements date 3-11-80, Dynaflect No. 39, mean air temperature
53°F (46°-60°F). Pavement condition estimated to be 'slightly wet'

on the test date (27)..
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Table-F-23. Dynaflect deflection measurements

for Site No. 8 (26 month survey)a

Average. deflections (in mils)
at geophone no:.

Test SCI

Section standard Points in
No w] w2’ w3 w4 wE deviation average

1 0.523 0.393 0.285 0.218 0.146 0.014 19

2 0.520 0.421 0.331 0.264b 0.187 0.020 20

3 0.632 0.508 0.38 0.301 0.212 0.033 20

4 0.590 0.475 0.371 '0.286 0.207 0.01 20

5 0.550 0.445 0.343 0.267 0.179 0.018 20

6 0.527 0.416 0.313 0.242 0.160 0.011 20

Measurement date 5-5-81, Dthflect No. 39, mean air temperature 62°F
(59°-65°F). Pavement condition estimated to be 'slightly wet' on the

test date (27).

bTwo bad points in w4 readings, 0.264 is average of 18 points.
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TabTe F-24. Dynaflect deflection measurements
for Site No. 12 (8 month s.urvey)a

‘ ' Average deflections (in mils)
: at geophone no:

i Test SCI
Section - ' standard Points in
No w1 w2 w3 w4 NS _ deviation average
1 1.166 0.778 0.484 0.286 0.2198 0.080 - 20
2 1.214 0.931 0.680 0.452 0.356 0.258 20
"3 1.237 0.866 0.576 0.346 0.346 0.080 20
4 1.091 0.766 0.505 0.308 0.242 0.070 20
5 1 0.156 20

.343 1.000 0.693 0.430 0.324

®Measurement date 7-8-80, Dynaflect No. 29, mean air temperature 97°F
(87°-107°F). Pavement condition estimated to be ‘dry' on the test

date (27).
TabTle F-25. Dynaflect deflection measurements
for Site No. 12 (22 month survey)?®

Average deflections (in mils)

geophone no:
Test SCI
Section | Standard Points in
No I T T - deviation  average
] 1.136 0.850 0.514 0.323 0.229 0.103 20
2 1.183 1.015 0.712 0.498 0.352 0.074 20
3 1.250 0.979 0.643 0.411 0.307 0.099 20
4 0.981 0.750 0.472 0.299 0.224 0.092 20
5 1.024 0.836 0.592 _0.408 0.308 0.070 (0

®Measurements date 9-22-81, Dynaflect No. 48, mean air temperature 98°F
(97°-100°F). Pavement condition estimated to be 'dry' on the test
date (27).

179



Table F-26.: Dynaflect deflection measurements

for Site No. 12 (44 month survey

)a

Average deflections (in mils)
at geophone no:

Test SCI :
Section Tt standard Points dn
No Wy Wy Wy W g deviation  average
1 1.178 0.839- 0.508 0.330 0.223  0.105 20
2 1.194 0.979 0.712 0.520 0.367 0.114 20
3 1.348 1.034 0.684 0.466 0.316  0.100 20
4 1.067 0.782 0.483 0.332 0.232  0.080 20
5 0.964 0.770 0.536 0.399 0.295  0.05] 20

Measurements date 7-19-83, Dynaflect No. 48, mean air temperature
Pavement condition estimated to be dry on the test

date (27):

94°F (88°-100°F).
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TaBWeTFJZYL Dynaflect deflection measurements
for Site No. 13 {36 month survey)a

Average deflections (in mils)
at geophone no:

Test ’ . SCI

Section standard Points in
No w] wZ w3 w4 wS deviation average
1 7.098 0.804 0.554 0.414 0.343 0.137 23

AMeasurements date 3-8-83, Dynaflect No. 48, air temperature 69°F.
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