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NATIONAL COOPERATIVE HIGHWAY RESEARCH
PROGRAM

Systematic, ‘well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments
individually or in cooperation with their state universities and
others. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receives the full cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the research
program because of the Board’s recognized objectivity and
understanding of modern research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
matters to bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials.
Research projects to fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for or
duplicate other highway research programs.

Note: The Transportation Research Board, the Nationa! Research Council,
the Federal Highway Administration, the American Association of State
Highway and Transportation Officials, and the individual states participating in
the National Cooperative Highway Research Program do not endorse products
or manufacturers. Trade or manufacturers’ names appear herein solely
because they are considered essential to the object of this report.
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FOREWORD

By Staff
Transportation Research
Board

This report presents a mix design method and construction guidelines for stone
matrix asphalt (SMA) in the form of recommended AASHTO standard specifications
and practices. It will be of particular interest to materials engineers in the state high-
way agencies as well as agency and contractor personnel responsible for design and
construction of hot mix asphalt (HMA) paving projects. The report also contains a sum-
mary of research results that support the development of the method and guidelines,
including experimental data obtained during SMA pavement construction to validate
the laboratory findings.

Stone Matrix Asphalt (SMA) is defined as a hot mix asphalt (HMA) prepared with
gap-graded aggregate in order to maximize the asphalt binder content and coarse aggre-
gate fraction. This design provides a stable stone-on-stone skeleton held together by a
rich mixture of asphalt cement, filler, and stabilizing agents such as fibers or asphalt
modifiers.

SMA was developed in Europe as a mix design for exceptionally durable wearing
courses; these are resistant to rutting (permanent deformation) and studded tire wear
when applied over a satisfactory pavement structure. Interest in the use of SMA in the
United States was sparked by the strong recommendation of the participants in the 1990
European Asphalt Study Tour sponsored by AASHTO, FHWA, the National Asphalt
Pavement Association, the Asphalt Institute, and TRB.

In the United States, the original approach was to duplicate SMA mixtures devel-
oped in Europe, using domestic materials, equipment, and asphalt industry expertise.
The FHWA has reported that in 1991 four states constructed SMA pavements totaling
less than 50,000 tons of HMA; this number rose in 1994 to SMA projects in 23 states
requiring 500,000 tons of HMA. A survey of the performance of 88 SMA projects con-
structed between 1991 and 1995 was completed in 1996; it found that over 90 percent
of the pavements had rutting measurements less than 0.4 mm while approximately 25
percent had no measurable rutting.

Given this success, the state transportation agencies, FHWA, and industry identi-
fied the need to better define the currently specified components and properties of SMA
mixtures and to codify methods and procedures for SMA design and pavement con-
struction. This effort would deal with such issues as the type and amount of stabilizers,
the required compactive effort, and mix volumetrics for design and placement. New
tests might also be required to measure properties such as durability, rut resistance,
draindown, and moisture susceptibility.

Under NCHRP Project 9-8, “Designing Stone Matrix Asphalt Mixtures,” the
National Center for Asphalt Technology at Auburn University was assigned the task of
developing objective procedures for the use of SMA. This included definition of the



material and mix properties required to maximize the durability and rut resistance of
SMA and the development and validation of a mix design procedure (including water
sensitivity) and construction guidelines in AASHTO standard format.

The research team reviewed relevant domestic and foreign literature on SMA
design and construction; carried out an extensive series of laboratory investigations to
develop recommended materials specifications, a mix design method and supporting
test methods, and construction guidelines; and validated these products with field data
obtained during the construction of 11 SMA pavement projects in 1997.

This NCHRP report includes Volumes IIT and IV of the original five-volume ﬁnal
report for Project 9-8. The first part (the original Volume III) includes a general
overview of the entire research effort and the significant findings in the areas of SMA
material properties, aggregate skeleton testing, SMA mortar testing, aggregate break-
down analysis, mixing and compaction, permeability, field density requirements, and
laboratory and field performance evaluation. The second part (the original Volume IV)
provides the main deliverables of the project in the form of recommended AASHTO
standards: a practice for designing SMA; a specification for designing SMA; a practice
for construction of SMA; a method for determination of draindown characteristics in
uncompacted asphalt mixtures; a practice for testing hot mix asphalt (HMA) mortars;
and an example SMA mix design.

NOTICE TO READERS

The entire ﬁve—volume report for NCHRP Pro;;ect 9—8 is avaﬂable on the CD-
ROM titled CRP-CD-1: Bituminous Materials Research Series, together with the
 final reports for NCHRP Pro;ects 9.7, “Field Procedures and Equipment to Imple-
- ment SHRP Asphalt Specifications” (also published as NCHRP Report 409, *“Qual-
ity Control and Acceptance of Superpave-Demgned Hot Mix Asphalt”) and 9-9,

~“Refinement of the Superpave Gyratory Compactlon Procedure.” Copies of the
. CD-ROM are avaﬂable, for $10 00, from TRB Pubhca 1ons Sales PO Box 289,

Washmgton, DC 20055 '
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DESIGNING STONE MATRIX ASPHALT MIXTURES

SUMMARY

FOR RUT-RESISTANT PAVEMENTS

The National Center for Asphalt Technology (NCAT) has developed and validated a mix
design procedure for stone matrix asphalt (SMA). Funded under NCHRP Project 9-8, the
work was completed in 1998. The project involved 15 tasks that addressed the following
topics: literature review, material and mixture properties, appropriate laboratory tests,
development of a mix design procedure, field evaluation of the mix design procedure,
development of quality control/quality assurance (QC/QA) procedures, development of
construction guidelines, verification of mixing and compaction temperatures, verification
of density requirements, and accuracy and precision of nuclear density gauges for SMA
pavements.

The results of this project have been published in five volumes. Volume I, “Literature
Review,” summarizes available literature on SMA up to 1998. This review includes over
100 papers presented primarily during the time period 1989 to 1998.

Volume II(a), “Research Results,” presents the results of the initial research performed
to measure the critical material and mixture properties of SMA. This volume also describes
work accomplished to evaluate the ability of different laboratory tests to characterize SMA
mixtures. The work included finding a method of identifying when stone-on-stone contact
is achieved within SMA mixtures. Volume II(a) also contains the first tentative SMA mix-
ture design procedure.

Volume II(b), “Research Results,” presents the results of work accomplished to finalize
the tentative mixture design procedure for SMA. Additional work reported in this volume
consisted of analyzing mixture properties that were designed with the finalized mixture
design procedure. This testing included indirect tensile creep and wheel track testing.

Volume II(c), “Research Results,” presents the results of work performed to verify that
the mixtures designed by the final mixture design procedure could be produced and placed
in the field. Additional work consisted of developing QC/QA procedures, evaluating SMA
gradations with varying nominal maximum aggregate sizes, developing SMA construction
guidelines, verifying laboratory mixing and compaction temperatures, verifying in-place
density requirements, and evaluating the accuracy of nuclear density gauges for determin-
ing the in-place density of SMA pavements.

Volume III, “Summary of Research Results,” (published herein) summarizes the
research effort for NCHRP Project 9-8. This volume includes summaries of material prop-
erties, aggregate skeleton testing, mortar testing, mixture design testing, mixture design
analysis, the effect of flat and elongated particles, aggregate breakdown analysis, mixing

Preceding Page Blank
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and compaction testing, permeability evaluation, evaluation of nominal maximum aggre-
gate sizes, mixture performance evaluation, field evaluation of the mixture design proce-
dure, field density requirements, and the accuracy of nuclear density gauges.

Volume IV, “Mixture Design Method, Construction Guidelines, and Quality Control/
Quality Assurance Procedures,” presents the deliverables of the study. Published herein,
this Volume contains the final SMA mixture design procedure, guidelines for the con-
struction of SMA, and QC/QA procedures to be used during construction. Volume IV also
provides draft AASHTO standard test methods for tests developed during the course of the
research, an example SMA mixture design using the final mixture design procedure, and an
example of blending SMA gradations based on volumes.

Volume V, “Appendix for Phase II Work,” provides detailed summaries of field valida-
tion projects and the data from Phase II experiments.




CHAPTER 1

INTRODUCTION AND RESEARCH APPROACH

1.1 PROBLEM STATEMENT AND RESEARCH
OBJECTIVE

Stone matrix asphalt (SMA) has been used in Europe for
more than 20 years. Within the United States, SMA has been
used successfully since 1991. Some states routinely use
SMA, even though a standard mixture design procedure is
not available. If a good mixture design procedure is adopted,
it should be possible to improve the performance of SMA. A
procedure that provides guidance on material properties,
aggregate gradation, determination of optimum asphalt con-
tent, and mixture properties is needed.

As a result of this need, the NCHRP contracted with the
National Center for Asphalt Technology (NCAT) in 1994
to develop a mixture design procedure for SMA. The
emphasis of this study was to develop a straightforward
procedure for SMA that is repeatable and that can be used
by any agency or laboratory that is equipped to do hot mix
asphalt (HMA) testing. This design procedure was envi-
sioned as one method with two separate compaction
options. The design can be accomplished with either a flat-
faced, static base Marshall hammer or a Superpave gyratory
compactor (SGC).

1.2 SCOPE OF STUDY

In order to achieve the overall goal of developing a qual-
ity mixture design procedure for SMA, two distinct phases of
research were performed. Phase I-Part 1 began in April 1994
and had as its main goal the development of a tentative SMA
mixture design method. This was done by evaluating critical
material and mixture properties of SMA and choosing labo-
ratory tests to evaluate the selected material and mixture
properties. Phase I-Part 2 began in early 1995 on the basis of
the results of Phase I-Part 1. The main objectives of this part
were to evaluate and modify the tentative mixture design pro-
cedure and to analyze SMA mixtures with the revised
method to make any necessary refinements.

Phase II of the research began in 1996 and was performed
to field validate the proposed mixture design procedure
established in Phase I research. Additionally, Phase II devel-
oped QC/QA and construction guidelines for the construc-
tion of SMA.

1.3 RESEARCH APPROACH

The research approach for this project involved 15 differ-
ent tasks. Tasks 1 through 4 were accomplished under Phase
I-Part 1; Tasks 5 through 7 were accomplished under Phase
I-Part 2; and Tasks 8 through 15 were performed under Phase
I1. Following are brief overviews of the different tasks.

Task 1—State of the Art

Task 1 summarized the available information developed
for SMA. Current mix design procedures, specifications, and
construction procedures were obtained from all available
sources, particularly published literature.

Task 2—Critical Material and Mixture Properties

This task evaluated aggregate, mortar, and mixture prop-
erties. The important aggregate properties such as Los Ange-
les (L..A.) abrasion, flat and elongated particles, absorption,
soundness, and crushed content, and their specifications were
studied. The effects of aggregate type, shape, and gradation
on SMA mixtures also were studied.

Mortar testing under this task essentially looked at the
applicability of the Superpave binder equipment and their test-
ing procedures for evaluating SMA mortars. Both the total
mortar (material passing 2.36-mm sieve, asphalt cement, and
stabilizing additive) and fine mortars (material passing the
0.075-mm sieve, asphalt cement, and stabilizing additive)
were evaluated. The total mortars were considered to be more
like a mixture and were tested at low, intermediate, and high
temperatures using the bending beam rheometer, resilient
modulus, indirect tensile test, and the Brookfield viscometer.
The fine mortars were considered to be binders and were tested
with the Superpave binder equipment and test procedures.

Evaluation of mixture properties consisted of determining
the volumetric properties, moisture susceptibility, creep
properties, and draindown characteristics of SMA mixtures.

Task 3—Selection of Laboratory Tests

This task was performed to determine what laboratory
tests could be used to evaluate SMA mixtures. Testing was
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conducted for the aggregate skeleton, additional mortar test-
ing, and SMA mixture testing. The aggregate skeleton test-
ing consisted of finding a method for identifying when stone-
on-stone contact is achieved within an SMA mixture.

Mortar testing under this task was again conducted on both
the total and fine mortars. The primary purpose was to deter-
mine the potential of the tests listed under Task 2 to measure
desirable properties of SMA mortars.

The SMA mixture testing evaluated the effect of changing
volumetric properties on SMA. A dynamic, confined creep
test was used for this evaluation.

Task 4—Interim Report

The requirement of Task 4 was to submit an interim report
summarizing the work in Tasks 1 through 3. This report
included a tentative mixture design procedure for SMA.

Task 5—Mixture Design Procedure

The main goal of Task 5 was to finalize the mixture design
procedure proposed under Tasks 1 through 4. This was
accomplished by adapting the Superpave volumetric design
procedure for SMA, establishing a method for determining
the proper laboratory mixing and compaction temperature
for SMA, establishing fine mortar specification criteria, and
further evaluating the design procedure.

Task 6—Mixture Analysis

Task 6 was completed to analyze the properties of mix-
tures produced using the design method established under
Task 5. Under this task, testing included the Indirect Tensile
Creep and wheel tracking.

Task 7—Final Report

The requirement of this task was to produce a final report
documenting the research effort under Phase I of the project.
An updated mixture design method was provided in this
report.

Task 8—Field Evaluation of SMA Mix Design
Procedures

This task collected actual field data from various SMA
construction projects throughout the United States. For this
phase, a mobile laboratory was used to develop much of the
data. Within the mobile laboratory was equipment to com-
pact specimens using both the Marshall hammer and the

SGC, determine the maximum specific gravity of the SMA
mixtures, and determine the draindown characteristics of the
SMA mixtures.

Task 9—Develop QC/QA Procedures for SMA
Mixtures

During this task, information from several states involved
with SMA construction along with information developed
during Task 8 were used to develop the QC/QA procedures.
The QC/QA procedures also included a trouble-shooting
guide to aid in determining the specific cause of potential
problems.

Task 10—Laboratory Testing

Testing included in this task was designed to extend some
of the results produced in Phase I of the research. Specific
testing focused on various maximum aggregate sizes, deter-
mination of the effects of flat or elongated particles using the
SGC, and direct tension testing of SMA fine mortars.

Task 11—Develop SMA Construction Guidelines

The purpose of this task was to develop SMA construction
guidelines to assist producers during the production and
placement of SMA mixtures. The guidelines included guid-
ance on aggregate handling, fiber handling, plant operations,
laydown operations, and compaction. These guidelines were
developed on the basis of staff experiences from NCAT, state
DOTs, the FHWA, and contractors, as well as information
gathered during Task 8.

Task 12—Verify Laboratory Mixing and
Compaction Temperatures

This task was accomplished to further the research effort
of Task 5 with regards to establishing a procedure for deter-
mining the mixing and compaction temperatures for SMA
mixtures. Testing was conducted on SMA fine mortars
(minus fibers) in the Brookfield viscometer and on SMA
mixtures using a workability device developed during the
study.

Task 13—Verify Density Requirements

At the present time, most SMA projects are being com-
pacted to in-place air void contents of 5 to 6 percent. This
appears to be acceptable, but there is some evidence that indi-
cates that SMA mixtures are permeable to water at a lower
air void content than are dense-graded mixtures. Task 13



investigated this possibility using laboratory and field per-
meability tests.

Task 14—Accuracy and Precision of Nuclear
Gauge for Determining Field Density

By nature, SMA mixtures have a rough surface texture. As
a result, the use of nuclear density gauges to determine in-
place density is questionable. Therefore, this task evaluated
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the accuracy of nuclear gauges for determining the density of
SMA mixtures.

Task 15—Preparation of Reports

The requirement of this task was to produce a final report
documenting the total research effort. Included within this
report were the final mixture design procedure, the QC/QA
procedures, and the guidelines for SMA construction.




CHAPTER 2
RESEARCH FINDINGS

2.1 LITERATURE REVIEW

Known by several similar names, such as Splittmastixas-
phalt in Europe where the material was first developed and
Stone Matrix Asphalt when it was adopted in the United
States, this durable, deformation-resisting mix has become
known generically by its initials SMA. Stone Matrix Asphalt
is, in fact, not a particularly good translation of the German
word as it fails to convey the sense of crushed stone, which
is an essential feature of the mix. However, the convenient
SMA form of the name will be used in this review.

SMA is a simple idea: find a hard, durable, quality stone;
fracture it into roughly cubical shape and of a size consistent
with the proposed layer thickness; and then glue the stones
together with a durable, moisture-resistant mortar of just the
right quantity to give stone-on-stone contact among the coarse
aggregate particles. For the asphalt technologist, the skill is
getting the various parameters right. This is where the recipes
come in. Most European specifications are reflections of mix
ingredients and proportions that seem to work quite well.
Many specifications are based on Germany’s work (10).

It was not until about 1990 that interest in SMA was
sparked in North America, following a study tour (26) of five
European countries by a group of pavement specialists from
the United States. The favorable reaction of the team to SMA
soon caught the attention of the trade press and several arti-
cles on SMA followed, especially after SMA projects were
constructed first in Canada in late 1990 (24) and then in sev-
eral U.S. states in 1991. Technical reports and published
papers of substance relating to North American experience
began to appear in late 1991.

In 1990, news about SMA began to circulate through
exchanges of technical information between local technolo-
gists and Europeans. During the European study tour (26),
U.S. pavement specialists had the opportunity to see SMA in
action and hear about it through presentations such as the one
by Liljedhal (8). Armed with European experience and spec-
ifications (1, 2, 4, 5, 6, 7, 9, 10, 11, 12), decisionmakers in
the United States deemed SMA worthy of trials. The first
project was in Wisconsin and was reported in the trade press
by Scherocman (14).

Gradations appear extensively throughout the papers
reviewed. In the first project in the United States, Scheroc-
man (/4) noted that the gradation followed the “30-20-10
rule,” which is a useful guideline for specifiers and designers

of SMA who are lacking model procedures. The rule in-
dicates that the aggregate gradation should have 30 pe-
rcent passing the 4.75-mm (#4) sieve; 20 percent passing the
2.36-mm (#8) sieve; and 10 percent passing the 0.075-mm
(#200) sieve.

Other projects followed the one in Wisconsin and were
also reported in the trade press before more detailed reports
were published by research bodies or state highway depart-
ments (21, 22, 23, 25, 27, 28, and 29). To help potential users
of SMA, Bukowski (20) produced the FHWA’s work plan,
which contained a summary of the first five SMA prcjects
that had been built in the United States in 1991.

Several reports in 1991 and 1992 dealt with the U.S.
SMA projects. Little (16), Brown (40), and Stuart (35) all
performed comparative mix designs for Georgia DOT,
which also produced a report (37) and supplemental speci-
fications (32). Missouri’s experience was reported by
McDaniel (34). Scherocman (46, 50) and Brown (40, 48)
reported on others, in addition to several items in the trade
press. Brown et al. (97) reported an evaluation of more than
85 SMA projects. The practical problem of producing an
SMA with cellulose fibers in a drum mixer without losing
fibers in the exhaust gas dust collection system was
addressed by Karnemaat, Vreibel, and Van Deusen (54)
early in 1993 but this work was based on experience with
the earlier Michigan projects.

Carpenter (77); Brown and Mallick (84); and Brown and
Haddock (99) have addressed mixture volumetrics and
achievement of the stone-on-stone contact that SMA is sup-
posed to provide in service. Brown and Mallick (84) and
Brown et al. (98) suggest a design procedure that is intended
to answer this problem.

Brown et al. (95) performed a study in 1997 stating that
the amount of filler finer than 20 pm did not matter. They
based this conclusion on mortar characterizations using the
Superpave binder equipment and procedures.

According to Bellin (41), type of filler is not named in spec-
ifications or requests for proposals in Germany. He indicates
that ground limestone is used and that baghouse fines are not
used much. Scherocman (46) noted that baghouse fines are not
normally returned into the SMA production line in Europe.

One of the questions facing mix designers is how to deal
with the design of the mortar. Milster (53), in a telling pho-
tograph, illustrates the difference in stiffening effects
between the mortar fractions of an SMA and a dense-graded



mix. Bellin (47) reported that the Schellenberg draindown
test is used in Germany to ensure that the mix does not lose
its cementing mortar. Details of the test are reported by
Stuart (35). In the United Kingdom, Walsh (70) referenced
another test, while Brown and Mallick (84) proposed a test
method, which has been accepted in the FHWA’s Model
Material and Construction Guidelines (87).

Brown et al. (98) looked at the effect of different stabiliz-
ing additives on draindown. They concluded that fibers (min-
eral or organic) did a better job of preventing draindown than
did polymers.

Harders (67) used the Ring and Ball softening point test in
evaluating the effect of stabilizers. Richter (19) also used this
test among others that are less familiar. Serfass and Samanos
(33), and Schroder and Kluge (57) have also used the soft-
ening point test. According to Schrder and Kluge, mortar
compositions with softening points between 85° and 100°C
(185°-212°F) provide the right viscosity and impact
strength. Sometimes fibers and polymers are combined, as
noted by Reinke (59) and Fujita (86); and a multigrade
asphalt has also been used as reported in the trade press (56)
and by Kriech and Haddock et al. (57, 61).

A review of the literature indicates that there are no clearly
defined approaches to SMA mix design, nor are there per-
formance-related mix tests that designers and practitioners
can embrace with confidence. Despite these apparent draw-
backs, SMAs in the United States appear to be living up to
their reputation as a rut-resisting mix.

2.2 MATERIAL PROPERTIES
2.2.1 Aggregate Properties

Several different types of aggregates were used during the
study and included traprock; granite (two different sources);
limestone (two different sources); Florida limestone (some-
times called limerock); blast furnace slag; and siliceous
gravel. These aggregates were selected because they pro-
vided a range of qualities from excellent to marginal.

The coarse aggregate for an SMA mixture must be suffi-
ciently strong to carry the imposed loads because these mix-
tures are designed to have stone-on-stone contact. Presently,
the aggregate test that is commonly used for determining the
toughness of the aggregate particles is the L.A. abrasion test.
On the basis of data accumulated during the study, coarse
aggregates used within SMA should have L..A. abrasion val-
ues of less than 30 percent loss. SMA mixtures using aggre-
gates with higher L.A. abrasion values have been used suc-
cessfully but care must be used when using these softer
aggregates. Higher abrasion values resulted in excessive
aggregate breakdown during laboratory compaction.

Because the coarse aggregate must carry the load, frac-
tured faces are required to provide a coarse aggregate struc-
ture with high internal friction. If the fractured face count is
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significantly less than 100 percent for the coarse aggregate,
the SMA mixture is almost certainly going to be less resis-
tant to shoving and rutting. This requirement for fractured
faces eliminates the use of uncrushed gravels and will also
eliminate many crushed gravels if the fractured face count is
not high enough to meet the desired requirements.

The amount of aggregate absorption can affect the perfor-
mance of SMA mixtures just as it does dense graded mixtures.
Low absorptive aggregates are preferred, but some locations,
due to availability of aggregates, may be required to use aggre-
gates with higher absorption values. When high-absorptive
aggregates are used, the optimum asphalt content should be
selected on the high side but within the specification limits to
allow for some additional absorption of the asphalt cement
during placement and during the life of the pavement.

The angularity of fine aggregates was measured during the
project using the National Aggregate Association (NAA)
flow test (AASHTO TP33, Method A). The test results
ranged from 44.6 to 49.9 percent. Based on the testing con-
ducted, it was recommended that a value of 45 seemed rea-
sonable for the fine aggregate requirement.

2.2.2 Mineral Filler Properties

Eleven different mineral fillers were used during the
course of this project: limestone dust, marble dust, traprock
dust, southeastern flyash, Georgia flyash, aglime, diabase,
wimpey, Dankalk, Oyta, and Faxekalk. These mineral fillers
were selected because they cover the range of mineral fillers
that have been used within SMA. Characterization testing
conducted to evaluate the different fillers was particle size
distributions, the modified Rigden’s voids test, and surface
area measurements.

Fine mortar (mineral filler, stabilizing additives, and
asphalt cement) testing was used to evaluate the influence of
the different mineral fillers on SMA mixtures. During the
fine mortar testing, the influence of the amount of mineral
filler passing the 0.02-mm sieve, the modified Rigden’s
voids, and the surface area of the fillers were all evaluated.
Based on this testing, it was determined that the amount of
material passing the 0.02-mm sieve did not influence the
mortar properties, the modified Rigden’s voids correlated
well with mortar testing results, and the surface area did not
influence mortar properties.

It was decided that a good screening test for fillers is to
ensure the percent voids do not exceed 50 when measured
with the Rigden’s voids. Fillers that exceed 50 cause the mor-
tar to be excessively stiff and difficult to work.

2.2.3 Asphalt Binder Properties

The effect of different asphalt binders was not addressed
in this study. However, three different binder types were
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used: AC-20; AC-20M1 (SBS modified); and AC-20M2
(polyolefin modified). The three binder performance grades
(PG) were 64-22 for the non-modified, 70-28 for the SBS
modified, and 70-22 for the polyolefin modified.

On the basis of the information obtained during the study,
the asphalt cement for SMA mixtures should be graded
using the Superpave binder grading system (PG graded).
The asphalt cement should be selected based on the climate
in which it will be used. Guidance for adjusting the perfor-
mance grade of asphalt binders for either traffic speed or
traffic level is provided in AASHTO MP2, “Standard Spec-
ification for SUPERPAVE Volumetric Mix Design,” Sec-
tion 5.5.

2.2.3.1 Effects of High-Temperature Testing

Although the type of asphalt binder was not a major part
of the study, a subtask of Task 11 was to evaluate the effect
of high temperatures on asphalt binders. This subtask was
included because high temperatures are sometimes needed
for SMA, especially on occasions when polymer additives
are used.

Testing to determine the effects of high temperatures on
asphalt binders was done by aging six different asphalt
binders (three modified and three unmodified) using six dif-
ferent temperatures in a thin film oven. For each set of aged
asphalts, the Superpave binder tests were conducted to deter-
mine the properties after aging.

Based on this testing, it was shown that for each of the
Superpave binder tests (except the direct tension), at a tem-
perature between 180° and 195°C (356°-382°F), a signifi-
cant change in the test results was exhibited. Therefore it was
recommended that SMA mixtures not be heated to tempera-
tures above 176°C (350°F).

2.2.4 Stabilizing Additives

Three major stabilizing additive types were used during
the laboratory study of this project: cellulose fibers, mineral
fibers (slag wool and rock wool), and polymers (SBS and
polyolefin). Testing performed to evaluate the different sta-
bilizing additives was the testing of the fine mortars using the
Superpave binder equipment and test procedures. For the
study, cellulose was added at 0.3 percent of total mixture
mass and mineral fibers were added at 0.4 percent. Several
different types and percentages of polymer were used. This
testing indicated that at higher temperatures the mineral
fibers stiffen the asphalt binders the least followed by cellu-
lose fiber, SBS, and the polyolefin. At intermediate temper-
atures, both the cellulose and mineral fibers stiffen about the
same or slightly more than no stabilizer. The polyolefin is
less stiff than the fibers but slightly more stiff than the SBS
stabilizer. Testing at low temperatures showed that the min-
eral fibers stiffened the asphalt binders the most. The cellu-
lose and polyolefin stabilized mortars have about the same
stiffness and the SBS stabilized mortars were the least stiff.

2.3 AGGREGATE SKELETON TESTING

Because one objective in the design of SMA is to produce
a mixture with stone-on-stone contact, it was essential that a
method be available to define this condition within the coarse
aggregate fraction. Therefore, work was performed to evalu-
ate the ability of five different methods to determine when
stone-on-stone contact exists in the coarse aggregate frac-
tion. The five methods used to determine the voids in coarse
aggregate (VCA) included the Marshall hammer, dry-rodded
test, Superpave gyratory compactor (SGC), vibrating table,
and Kango (vibrating) hammer. A summary of VCA testing
results is presented in Table 2.1.

TABLE 2.1 Void in coarse aggregate test results for the coarse aggregate function only

Method Granite FL Limestone Gravel Limestone Traprock
Marshatl | Ave 32.1 26.9 33.4 29.9 35.6
Hammer | gp 0.55 0.50 0.82 0.45 0.85

Avg 34.7 30.3 372 36.6 39.2
SGC

SD 1.30 0.84 0.40 0.25 0.42
Dry- Avg 39.2 389 374 42.5 40.8
Rodded | gp 0.12 0.9 0.17 0.30 0.10
Vibrating | AVE 40.0 39.8 37.8 41.6 408
Table | gp 0.21 0.80 0.15 0.06 021
Kango | AVE 475 44.1 45.4 47.5 48.6
Hammer | qp 0.61 0.35 0.4 0.26 0.60

Avg - Average SD - Standard Deviation




Based on the results of aggregate skeleton testing, it was
decided that the dry-rodded condition was the easiest of the
methods to use and provided reasonable results. It appeared
to be the most appropriate method for determining the VCA
at which stone-on-stone contact occurs.

2.4 MORTAR TESTING

Mortar testing was conducted in both main phases of the
research project. During Phase I, specification criteria were
recommended for SMA mortars. Mortar testing during Phase
IT dealt with evaluating the specification criteria.

To attempt to fully understand the mortar characteristics,
SMA mortars were first tested in two fractions during Phase
I: the total and fine mortars. The total mortar fraction con-
tained that portion of aggregate passing the 2.36-mm sieve,
stabilizing additive(s), and asphalt cement. Because of the
relatively coarser aggregates in the total mortar, it was con-
sidered to be similar to a mixture. Therefore, it was tested
at low, intermediate, and high temperatures using the bend-
ing beam rheometer (BBR), resilient modulus, indirect ten-
sile test, and Brookfield viscometer (BV). The fine mortar
fraction contained that portion of aggregate passing the
0.075-mm sieve (typically referred to as filler), stabilizing
additive(s), and asphalt cement. Being of a finer nature, the
fine mortar was considered a binder and was tested at low,
intermediate, and high temperatures using the Superpave
binder equipment before and after aging.

Based on the testing conducted on the two types of mor-
tars, it was determined that the fine mortar properties were
closely related to the total mortar properties (Figures 2.1
through 2.3). Based on this preliminary testing, it appeared
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that the fine mortar could be evaluated without the need for
additional testing on the total mortar since these properties
were related. During mix designs it would be much easier to
prepare and test fine mortars than total mortars, so it was
decided, therefore, to continue testing on the fine mortars.

In order to characterize the influences of the different con-
stituents of a SMA fine mortar, the test plan called for vary-
ing the type of filler, percent of filler, and type of stabilizing
additives. The testing of these different mortars was con-
ducted at high, intermediate, and low temperatures. The
results of the testing are summarized in Table 2.2. This table
shows whether significant trends were found in the test results
for the high-, intermediate-, and low-temperature testing.

Based on these test results, it was concluded that the
dynamic shear rheometer (DSR), bending beam rheometer
(BBR), direct tensile test (DTT), and Brookfield viscometer
(BV) could be used to characterize fine mortars. After com-
paring the data, it appeared that the mortars were typically at
least 5 times stiffer than the asphalt binders. Therefore, a
good starting point for writing a fine mortar specification was
to specify the following:

Test Test Method Property Specification
Original Mortars

Dynamic Shear TP S G*/Sind 5.0 kPa min.
RTFO Aged Mortars '

Dynamic Shear I TP S G*/Sind 11.0 kPa min.
RTFO and PAV Aged Mortars

Bending Beam | TP 1 | S | 1500 MPa max.

Testing during Phase II was conducted on fine mortars from
the 11 field projects visited during Task 8 to determine the
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Figure 2.2.  Relationship between total mortar resilient modulus at 5°C and fine mortar

stiffness at —12°C.

applicability of these fine mortar specifications. For each of the
11 projects visited, fine mortars were fabricated at the NCAT
laboratory to meet the job-mix-formula (JMF) percentages and
tested using the Superpave binder equipment and testing pro-
tocols. Results of this testing indicated that the fine mortar spec-
ifications seem to be applicable. Figures 2.4 through 2.6 pre-
sent the results of this testing in relation to the specifications.

These requirements provide a minimum stiffness of
the fine mortar at high temperatures (original and RTFO
DSR testing) to promote a stiff mortar to help in preventing
permanent deformation. The requirements also address
the cold temperature properties of the fine mortars (BBR
testing) by limiting the creep stiffness (S) of the fine
mortar.
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Figure 2.3.  Relationship between total mortar tensile strength at 5°C and fine mortar
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TABLE 2.2 Summary of fine mortar testing to characterize SMA mortars

Significant Trend?
Property High-Temperature Intermediate- Low-Temperature
Testing Temperature Testing Testing
Filler Type No Yes No
Filler Percent Yes Yes Yes
Stabilizer Type Yes Yes Yes
Filler Particle Sizes Yes No No
Filler Particle Shape No No No
Filler Surface Area Yes Yes No

2.5 MIXTURE DESIGN ANALYSIS

Early in Phase I, several aggregates were evaluated to
determine the effect of aggregate type and gradation on SMA
mixture properties. During this part of the study, mixture
designs were performed with 50 blows of a flat-faced, static
base Marshall hammer. The mix designs were conducted
using several trial blends that varied the amount of material
passing the 4.75-mm sieve until the VMA was 17 percent or
higher and until stone-on-stone contact was achieved. The
gradation for each mixture was then fixed and asphalt binder
added to determine the optimum asphalt content.

The results of these mix designs were used to show that the
concept of varying the percent passing the 4.75-mm sieve to

200 70.19

obtain the minimum VMA requirement and the maximum
VCA is viable. Figures 2.7 and 2.8 present a summary for the
different mixtures when the percent passing the 4.75-mm
sieve was varied. Figure 2.7 shows that as the percent pass-
ing the 4.75-mm sieve is decreased, VMA increases. Fig-
ure 2.8 illustrates that increases in the percent passing
the 4.75-mm sieve likewise increased the VCA of the SMA
mixtures.

The moisture susceptibility of each of the optimum mix-
tures as well as companion dense-graded mixtures were
tested using AASHTO T283. This test procedure was modi-
fied slightly for the SMA mixtures in that they were com-
pacted to an air void content of 621 percent. This air void
content is more indicative of desired SMA pavement density
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Figure 2.4. Results of project high-temperature fine mortar testing with the DSR on original

fine mortars.
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Figure 2.5. Results of project high-temperature fine mortar testing with the DSR on RTFO

aged mortars.

at the time of construction. Also, no freeze-thaw cycle was
used. Results of the moisture susceptibility testing indicated
that for the testing conditions used, AASHTO T283 is applic-
able for SMA mixtures generally providing similar results as
dense-graded mixtures.

1600

Work during Phase I using a number of aggregates and mor-
tars was conducted in the laboratory to validate the tentative
mix design procedure developed during the first part of Phase
I. Based on this work, some problems were encountered. There
was a significant amount of aggregate breakdown that
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Figure 2.6.  Results of project low-temperature testing with the BBR on PAV aged mortars

(creep stiffness).
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Figure 2.7.  Summary of VMA versus percent passing 4.75-mm sieve.

occurred for some of the aggregates. As a result of this break-
down, VMA requirements were not always met. However, for
the aggregates that did not experience excessive breakdown,
VMA requirements were easily met. Even with sufficient
VMA values, the optimum recommended asphalt content by
weight was sometimes less than the recommended minimum
of 6 percent. This was seen for aggregates that had high spe-
cific gravities. It was suggested that the best approach was to
specify a minimum VMA (17 percent) and not to be concerned
about the asphalt content by weight.

Also during Phase I of the study, the volumetrics for SMA
were compared between 50 blows of the Marshall hammer
and 100 gyrations of the SGC (Figure 2.9). On the basis of
the data, a good correlation existed between the two com-
pactive efforts. It appeared that in the range of lower opti-
mum asphalt contents, the Marshall hammer tended to give
a higher optimum asphalt content for a given aggregate type
and gradation. Conversely, in the range of higher optimum
asphalt contents, the SGC produced higher optimum asphalt
contents for a given aggregate type and gradation. (Results
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Figure 2.8.  Summary of SMA mixture VCA versus percent passing 4.75-mm sieve.
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Figure 2.9. Correlation between the Marshall hammer and SGC optimum asphalt

contents.

of later work during Phase II indicated that approximately 80
gyrations produced a similar density to 50 blows of the Mar-
shall Hammer. See Section 2.12.2 of this volume.)

2.6 FLAT AND ELONGATED PARTICLES

The effect of flat and elongated particles within SMA was
evaluated during both phases of the project. Work in both
phases was similar with one major difference; Phase I looked
at the influence of flat and elongated particles using 50 blows
of the Marshall hammer while Phase II used the SGC.

For both phases of the study, a supply of aggregate was
used that was quarried from the same ledge with one portion
of the aggregate being crushed to produce a high percentage
of flat and elongated particles and another portion crushed to
produce a lower percentage. SMA mix designs using the pro-
posed mix design procedure were accomplished with the
Marshall hammer on gradations of varying percentages of
the two aggregate types. Using the optimum asphalt content
determined during the mix designs, specimens were com-
pacted with both 50 blows of the Marshall hammer and 100
gyrations of the SGC to evaluate the effect of flat and elon-
gated particles on volumetric properties. This evaluation
showed that the VMA did increase as the amount of flat and
elongated particles was increased (Figure 2.10).

Next, specimens were compacted with both compactors
using a single gradation to evaluate the effect of flat and elon-
gated particles on aggregate breakdown. For both compactors,
as the percentage of flat and elongated particles increased, the
amount of aggregate breakdown also increased (Figure 2.11).

It was thought that increasing percentages of flat and elon-
gated particles would increase the moisture susceptibility of
SMA mixes. Specimens were compacted with both com-
pactors to evaluate the effect of flat and elongated particles
on moisture susceptibility. Results of this analysis showed
that flat and elongated particles had no effect on moisture
susceptibility for either compactor.

On the basis of flat and elongated particles work in both
phases, it was concluded that some amount of flat and elon-
gated particles could be used without any detrimental effect on
mixture properties. However, after some point was reached,
the negative effect became more severe. It appears that the cur-
rent criteria of no more than 20 percent 3 to 1 and no more than
5 percent 5 to 1 flat and elongated particles is satisfactory. Val-
ues in excess of these criteria were shown to lead to excessive
aggregate breakdown in compacted samples.

2.7 AGGREGATE BREAKDOWN ANALYSIS

Aggregate breakdown occurs when SMA mixtures are
compacted in the laboratory and field. The amount of break-
down is a function of hardness and the method of compaction.
It is important that the amount of breakdown occurring in the
laboratory be approximately equal to that which occurs in the
field. If there is a significant difference in the breakdown in the
laboratory and in the field, the mix design method is suspect
because the volumetrics in the laboratory compacted samples
may have no relationship to the volumetrics in the field.

Aggregate breakdown was evaluated during both phases of
the study. During Phase I, laboratory breakdown was evaluated
using eight different aggregates. This laboratory evaluation
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Figure 2.10.  Effect of flat and elongated particles on VMA.

showed that for most of the aggregates used, there was very lit-
tle difference in the breakdown with 50 blows of the Marshall
hammer and 100 gyrations of the SGC. For some of the aggre-
gates, however, the difference was significant. The Marshall
hammer always gave as much or more breakdown than the SGC.
During this Phase 1 investigation, a good correlation
existed between the amount of aggregate breakdown on the
4.75-mm sieve and the L.A. abrasion values for both the
Marshall hammer and the SGC (Figures 2.12 and 2.13,
respectively). For both compaction methods, higher abrasion
values correlated to higher breakdown values. The data indi-
cated that the expected breakdown on the 4.75-mm sieve at
an L.A. abrasion value of 30 is approximately 10 percent.

During Phase II of the project, field-produced SMA mix-
tures from 11 projects were compacted with both 50 blows
of the Marshall hammer and 100 gyrations of the SGC. In
addition to these laboratory compacted specimens, field
compacted (rollers) samples were obtained for eight of
the 11 projects visited. Analysis of the data showed that
there were significant differences in mixture gradation
before and after compaction. Analysis of this data also
showed that the Marshall hammer consistently resulted in
more breakdown than the SGC. However, the data also
showed that the breakdown underneath rollers was approx-
imately equal to that observed with both laboratory com-
pactors (Table 2.3).
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Effect of flat and elongated particles on aggregate breakdown.
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2.8 MIXING AND COMPACTION
TEMPERATURES

The mixture design procedure developed during Phase 1
specified that mixing and compaction temperatures be deter-
mined in accordance with AASHTO T245. This method is a

Aggregate Breakdown on 4.75-mm Sieve, %,

Figure 2.13.

30

temperature-viscosity relationship in which the mixing and
compaction temperatures are selected on the basis of viscos-
ity ranges. Because of the high filler contents and the fre-
quent use of polymer modified asphalt cements, it was
thought that this method of determining mixing and com-
paction may not be the best.
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TABLE 2.3 Results of ANOVA performed to compare aggregate beakdown

Site Mean Percent Passing 4.75 - mm Sieve Fostat Probability > S%gniﬁcant
No. SGC Marshall | Field Cores F Difference?

2 325 354 36.0 4.57 0.030 Yes

3 35.5 363 40.6 20.98 0.000 Yes

4 33.9 36.2 33.0 2.87 0.084 No

5 373 379 36.5 1.35 0.286 No

6 31.6 335 339 3.96 0.051 No

9 342 38.4 335 16.19 0.000 Yes

10 31.5 34.0 334 1.19 0.328 No

11 32.7 35.1 334 797 0.004 Yes
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Therefore, two different methods were evaluated to deter-
mine if they provided more reasonable results. The first
method entailed combining the material finer than 0.075 mm
from the design gradation and the asphalt binders (no fibers
were included) for each of the eleven projects visited under
Task 8. These mortars were then tested in the Brookfield vis-
cometer. The second method was a workability device that
was developed to measure the stiffness of SMA mixtures.
Using this device at different temperatures allowed the stiff-
ness of the mixture in relation to the temperature to be deter-
mined.

The data indicated that both tests do a good job of mea-
suring the stiffness of the mortar (BV) and the mix (worka-
bility). However, neither test appeared to provide a method
of determining the mixing and compaction temperature.
Therefore, it was concluded that the best approach for deter-
mining the mixing and compaction temperatures was
AASHTO T245.

2.9 PERMEABILITY EVALUATION

Evaluation of the permeability characteristics of SMA was
undertaken in an effort to establish whether SMA mixtures
are more or less permeable to water than are conventional
dense-graded mixtures. Using four aggregates, specimens
were prepared at optimum asphalt content by varying the
compactive efforts (both Marshall and SGC). These speci-
mens were then tested in a laboratory falling-head perme-
ameter to determine how the permeability varies within SMA
as a function of air voids.

These data generally suggested that the permeability
began to increase rapidly as the air voids increased from 6 to
7 percent. Therefore, SMA mixtures ideally should be com-
pacted to around 94 percent of theoretical maximum density.
Field permeability work during Phase II was in agreement
that 6 percent air voids are needed.

2.10 EVALUATION OF NOMINAL MAXIMUM
AGGREGATE SIZE

Most SMA mixtures that have been placed in the United
States have been 12.5- or 19.0-mm nominal maximum size
gradations. There is often a need to use a smaller or larger
nominal maximum aggregate size. This part of the study
evaluated the effect of nominal maximum aggregate size.

SMA mixtures typically have a large percentage of aggre-
gate down to a certain sieve size after which the percentage
of aggregate is small. The sieve size that separates the sieve
containing large percentages from the sieves with small per-
centages is considered the breakpoint sieve.

This part of the study looked at 11 SMA mixes ranging in
nominal maximum size from 4.75 mm up to 25 mm. A num-
ber of breakpoint sieves were also evaluated. For comparison
purposes, four Superpave mixes were designed and tested
(two above the restricted zone and two below the restricted
Zone).

All of the 11 proposed SMA mixes were successfully
designed using the proposed mix design method. Both of the
4.75-mm nominal maximum aggregate size mixtures evalu-
ated had to be designed based on the limiting VCA ratio of
1.0 minimum. The remaining mixtures, which included two
9.5-mm, two 12.5-mm, two 19.0-mm, and three 25.0-mm
nominal maximum aggregate size, were all designed suc-
cessfully using the proposed mix design method. Stone-on-
stone contact along with the desired air void level was
achieved for all mixture designs.

Wheel tracking tests were conducted on the SMA mixes
and the Superpave mixes. All mixes met the typical require-
ments. Generally speaking, the finer mixes had higher VMA,
higher asphalt contents, and higher rutting.

As stated earlier, another concern that has been expressed
about some SMAs is permeability. Coarse-graded mixes are
more prone to being permeable than fine-graded mixes. The
mixes with 4.75-mm nominal maximum aggregate size had
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insignificant permeability until the air voids reached 8 to 10
percent. However, all the other SMA mixes had significant
permeability even with less than 7 percent air voids. The mix
permeability increased as the nominal maximum aggregate
size of the mix increased. However, the coarse-graded Super-
pave mixes at the same nominal maximum size were less per-
meable than the SMA mixes for the same void level. The fine-
graded Superpave mixes were even much less permeable.

2.11 MIXTURE PERFORMANCE EVALUATION
TESTING

Dynamic creep tests, resilient modulus, indirect tensile
strength, and Marshall stability were all conducted on SMA
mixtures. Of these four tests, the dynamic creep test showed
the most promise to predict the rutting performance of SMA.

A comparison of the results of the SMA mixtures and the
dense-graded mixtures showed that the magnitude of the
dynamic modulus at low voids is greater for the dense-graded
mixtures than for the SMA mixtures. This was contrary to
what was expected. Previous work performed at NCAT had
shown that dense-graded mixtures were more sensitive to
change in air voids than SMA mixtures (69). One intent of
the dynamic creep testing was to show this sensitivity. The
testing showed that SMA and dense-graded mixtures had
about the same sensitivity to changes in voids but the dense-
graded mixtures always had less permanent deformation. It
should be noted though that the dense-graded mixtures were
designed below the maximum density line and therefore
were coarse and similar to SMA mixtures. The percent pass-
ing the 4.75-mm sieve for these dense-graded mixtures was
41.0 percent which is only about 10 percent finer than that for
the SMA mixes. Even though the results of dynamic creep
testing showed that the SMA did not perform (within the test)
as well as dense-graded mixtures, the dynamic creep test was
able to rank the SMA mixtures and thus showed the most
promise. However, later work during Phase II indicated that
the loaded wheel tester also had potential for evaluating
SMA mixtures.

2.12 FIELD EVALUATION OF MIXTURE DESIGN
PROCEDURE

It was important to verify that the proposed mix design
procedure developed under Phase I work could be verified on
a number of projects. For most of the 11 projects visited, the
SMA mixtures were not designed using the recommended
design procedure, specifically the existence of stone-on-
stone contact was not evaluated. However, they were typi-
cally designed using an approach similar to the recom-
mended procedure so the JMF was not that different from
what would have been obtained using the proposed proce-
dure. Most of the designs were performed using 50 blows of
the Marshall hammer. Another goal of the field evaluation

was to verify that the procedure developed for the SGC was
applicable. Based on the following discussion, it was con-
cluded that the proposed mix design method for SMA would
produce acceptable SMA mixtures.

2.12.1 Comparison of Field Data to Mixture
Design Procedure

The locations of the 11 projects were selected to include
all regions of the country to provide a wide variation in mate-
rials and mixture design procedures. The mixtures encoun-
tered should be representative of mixtures currently utilized
for SMA. Some projects used fibers (both mineral and cellu-
lose), some used polymers, and some used both. Some proj-
ects used pelletized fibers while others used loose fibers. A
wide range of mineral filler types was used and included
limestone dust, marble dust, dolomite dust, fly ash, and agri-
cultural lime. Eight of the projects used anti-stripping agents
with some using lime and others using liquid anti-strip
agents, Different asphalt binders encountered at these proj-
ects included PG 76-22, PG 76-28, PG 70-22, PG 64-28, PG
64-22, PG 58-28, AC-20, and 20-40 multigrade binde.s.
Aggregate types encountered included crushed gravels, gran-
ite, limestone, traprock, and rhyolite.

Tables 2.4 through 2.8 present comparisons of the differ-
ent mixtures encountered to the requirements in the proposed
mixture design procedure. Table 2.4 shows how the different
gradations compared to the gradation band recommended in
the proposed mix design procedure. The sieve that had the
most projects not meeting the criteria was the 4.75-mm sieve.
Four projects did not meet the criteria. All of the mixtures
that did not meet the criteria were above the recommended
upper limit of 28 percent passing and ranged from 29 to 33
percent passing. Tables 2.5 and 2.6 show that most of the
coarse and fine aggregate requirements were met. Based on
these tables, it appears that the aggregate quality test that
most often failed to meet the requirements was the flat and
elongated requirement for the coarse aggregate (Table 2.5).
All of the other aggregate quality requirements were met
most of the time. Table 2.7 presents the comparison of mix-
ture properties to the recommended criteria.

Two of the projects had asphalt contents below 6 percent
but the combined bulk specific gravities of the aggregates
was greater than 2.75; therefore, the minimum asphalt con-
tent could be lowered slightly. Five of the mixtures were con-
structed with laboratory air voids below 3.5 percent while
three were constructed with laboratory voids above the 4.0
percent air void level. All of the mixtures met the recom-
mended minimum VMA of 17 percent. Six of the mixtures
did not meet the VCA requirements; however, by reducing
the percentage passing 4.75-mm sieve the VCA requirements
could have been met.

Table 2.8 presents the comparisons for the fine mortars test
results for each of the projects. Based on this table, only one
project did not meet the high-temperature requirements for
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TABLE 2.4 Comparison of gradations from field projects to SMA gradation specification band

Meet Specification (Yes/No)?

Sieve Y

Size, | oo Site 1

mm assmng Site2 | Site3 | Site4 | Site5 | Site6 | Site7 | Site8 | Site9 | Site 10 | Site 11

JMF-01-1 | JMF-01-2

19.0 100 Yes Yes Yes Yes Yes Yes *ox Yes Yes Yes Yes Yes
12.7 85-95 No Yes No Yes Yes No ** Yes Yes No Yes Yes

9.5 75 max. Yes Yes No Yes Yes No Yes Yes Yes No Yes Yes
4.75 20-28 Yes No No Yes No No Yes Yes Yes Yes Yes Yes
2.36 16-24 Yes Yes Yes Yes Yes Yes ** Yes Yes Yes Yes Yes
0.60 12-16 Yes Yes Yes Yes Yes Yes ** Yes Yes Yes Yes Yes
0.30 12-15 Yes Yes No Yes Yes Yes ** Yes Yes Yes > No
0.075 8-10 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No

* SMA Specification Band From Phase I Mixture Design Procedure.

** These sieves were not used on the JMF and therefore it is unclear whether the criteria would be met.

unaged mortars and two did not meet for RTFO aged mor-
tars. All of the projects met the low-temperature stiffness
requirements.

The field work accomplished during the design procedure
evaluation did indicate that the recommended mix design
does develop mixes that can be produced and placed in the
field. The draindown test developed as part of the mix design
procedure can be used as part of quality control testing dur-
ing construction.

Based on the field projects, the draindown test was easy to
conduct and appeared to be a good indicator of mix changes.
When the filler content was low or the asphalt content was

high, the amount of draindown observed in the laboratory
tended to increase. This occurred for most of the projects.

2.12.2 Comparison of Marshall Hammer and
Superpave Gyratory Compactor

Work in Phase I of this project indicated that 100 gyrations
of the SGC would provide about the same density as 50
blows with the Marshall hammer. Since past experience with
SMA has been good and since most SMA mixtures in the
past were designed using 50 blows of the Marshall hammer,
it was determined in this study that the compaction effort

TABLE 2.5 Comparison of coarse aggregate quality from field projects to SMA mixture design criteria

621 can be used.

Meet Specification (Yes/No)?
Test Method | Criteria Site 1 Site | Site | Site | Site | Site | Site | Site | Site | Site | Site
JME-01-1 | IMF-01-2 3 4 5 6 7 8 9 10 11
LA Abrasion AA'}S;LTO 30 max. Yes Yes Yes Yes No Yes Yes Yes Yes Yes | Yes No
Flat or Elongated ASTM D
3:1 4791 20 max. Yes *x No Yes Yes ** No No ** No **
5:1 | Section 8.4 5 max. ** ** Yes *k ** Yes Yes No No ** Yes **
Absorption AP;?;ISTO 2 max. Yes Yes *x *x Yes X *x Yes | Yes | Yes | Yes No
Soundness (5 cycles)
Sodium Sulfate AASHTO 15 max. Yes Yes Yes ** Yes i Yes Yes | Yes? | Yes? ** **
. T 104
Magnesium Sulfate 20 max.
Crushed Content
One Face ! 100 min. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Two Faces 90 min. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Most State DOTs have their own method for calculating crushed content. If no method currently exists for the agency, Pennsylvania DOT Test Method No.

2 This state used a modified version of AASHTO T 103 to determine soundness. Test results showed loss values below 6 percent. These results were interpreted

as acceptable.
** Data Not Available.
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TABLE 2.6 Comparison of fine aggregate quality from field projects to SMA mixture design criteria

Meet Specification (Yes/No)?
Test Method Criteria Site 1 ; ;
Site2 | Site3 | Sited | site5 | Site 7 | Site 8 | Site 9 Sl‘(tf SI‘;'E
JMF-01-1 | JMF-01-2
Soundness (5 cycles)
Sodium Sulfate A?,SIIE)IIO 15 max. *x *x Yes ** *ok ** Yes? Yes? *k ** *x
Magnesium Sulfate 20 max.
Angularity Af?slg;l:o 45 min. Yes Yes Yes Yes Yes Yes Yes No Yes Yes No
quuld lelt AA’rsglgTo 25 max. *k * ¥k Yes *% *k * ¥ *% * ¥ * %k %k *%
Plasticity Index AA:E;—I()TO NP! *x *x Yes ** *x ** Yes Yes ** ** b
Non-Plastic

2 This state used a modified version of AASHTO T 103 to determine soundness. Test results showed loss values below 1 percent. These results were interpreted

as acceptable.
** Data Not Available.
NOTE: Site 6 did not use a fine aggregate.

with the SGC should be set to provide a density approxi-
mately equal to that with the Marshall hammer. Comparisons
were made on the field projects to verify that 100 gyrations
with the SGC was equal to 50 blows of the Marshall hammer
(Figure 2.14). Based on Figure 2.14, there was a lot of scat-
ter in the data when comparing the 50-blow Marshall density
with 100-gyration SGC. Some projects needed more than
100 gyrations to produce density equal to that produced by
50 blows of the Marshall hammer. On other projects fewer
than 60 gyrations of the SGC were needed to provide equal
density. However, based on the data it appears that approxi-
mately 80 gyrations of the SGC are required to provide equal
density to that of 50 blows with the Marshall hammer.

Part of the variation shown in Figure 2.14 could be caused
by errors inherent in the back calculation of bulk specific
gravities when using the SGC. Another possible source of
variation in the data was the differences in aggregate L.A.
abrasion loss values from the different field projects. SMA
mixtures that contain softer aggregates will tend to compact
faster than mixtures with harder aggregates. To determine if
the hardness of the different aggregates affected the com-
paction characteristics of the different mixtures, a multiple

linear regression analysis was performed. For this analysis,
the G, ratio was the dependant variable while the gyration
levels and L.A. abrasion loss values were designated the
independent variables.

Based on the analysis, 47 percent of the variation in Fig-
ure 2.14 could be attributed to the two independent variables.
Therefore a chart showing the effects of both gyration levels
and L.A. abrasion loss values was developed (Figure 2.15).
Instead of showing a regression line for all of the projects
evaluated, this figure shows the results for L.A. abrasion loss
values of 20, 30, and 40 percent with the same gyration lev-
els as Figure 2.14.

Based on Figure 2.15, the number of gyrations needed to
produce a similar density as 50 blows of the Marshall ham-
mer ranges from 68 to 82 for aggregates with 20 to 40 percent
loss. Therefore, it was recommended that for SMA mixtures
using aggregates with L.A. abrasion loss values of more than
30 percent, a design number of gyrations of 70 be used. For
harder aggregates (loss values less than 30 percent), a design
number of gyrations of 100 should be used. The difference in
these two gyration levels will result in a difference in opti-
mum asphalt content of approximately 0.4 percent. The 70

TABLE 2.7 Comparison of volumetric data from field projects to SMA mixture specification

Meet Specification (Yes/No)?
Property Requirement Site 1 Site Site
Site 2 | Site3 | Sited4 | Site5 | Site6 | Site 7 | Site 8 | Site 9 10 1
JMF-01-1 | JMF-01-2

Asphalt Content 6 min Yes No! Yes Yes No' Yes Yes Yes Yes Yes Yes Yes
Air Voids 3.0-4.0 Yes No Yes No No No Yes No No Yes No No
VMA 17 min. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
VCA Less than VCApge No No No Yes No No Yes Yes Yes Yes No Yes

Using the stipulation that the asphalt content can be slightly lower if the combined bulk specific gravity exceeds 2.75, this property meets the requirement.



23

TABLE 2.8 Comparison of fine mortar properties from field projects to SMA mixture specification

Meet Specification (Yes/No)?
Property Requirement
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site 10 | Site 11

Unaged DSR, , L '
G*/Sind (kPa) S min. Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes

RTFO Aged DSR, . | .
G*/Sind (kPa) 11 min. Yes No Yes Yes No Yes Yes Yes Yes Yes Yes
PAV Bg\}[il;Stlffness 1500 max. Yes Yes Yes' Yes Yes Yes' Yes Yes Yes Yes Yes

Results of this test passed the criteria but the test results were suspect.

and 100 gyrations were selected to compare to the recom-
mended gyration levels from NCHRP Project 9-9, “Refine-
ment of the Superpave Gyratory Compaction Procedure.”

2.13 FIELD DENSITY REQUIREMENTS

At the present time, most SMA projects are required to be
compacted to an in-place air void content of 5 to 6 percent.
This appears to be acceptable, but there is some evidence that
indicates that SMA mixtures could be more permeable to
water at a lower air void content than are dense-graded mix-
tures. Work in Phase I showed that SMA mixtures become
permeable at approximately 6 percent air voids. This work
was accomplished to determine at what density SMA
becomes permeable based on field measurements.

In-situ permeability measurements were made at eight of
the field projects visited under Task 8. The in-situ perme-
ability was determined using a falling head method that
consisted of sealing a plastic cylinder to the pavement. At
each location that in-situ permeability measurements were
made, cores were obtained. These cores were brought back
to the NCAT laboratory to evaluate the laboratory perme-
ability.

Based on these two methods of evaluating permeability,
increasing air voids generally resulted in increasing perme-
ability. Based on all of the data collected from the eight proj-
ects, it appeared that SMA mixtures become permeable to
water at air void contents between 5.0 and 6.5 percent. This
confirmed that SMA mixtures should be compacted in the
field to air void contents of between 5 and 6 percent.
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Figure 2.14. Comparison of densities of samples compacted with 50 blows of the
Marshall hammer and 100 gyrations of the SGC.
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Figure 2.15. G, ratio as a function of gyration level and L.A. abrasion.

2.14 ACCURACY AND PRECISION OF
NUCLEAR GAUGE

In order to evaluate the accuracy and precision of nuclear
gauges for measuring the density of SMA pavements, cores
were obtained from eight of the 11 projects visited under
Task 8. At each location that cores were obtained, density
measurements were made with a nuclear density gauge with
and without Ottawa sand. Two different methods were used
to analyze the data accumulated. Both methods consisted of
determining a correction factor to correct the nuclear density
gauge measurements, the primary difference being how the
correction factors were determined. The two methods were
investigated to determine which method was more accurate
and precise.

The first method consisted of determining an average bias
based on the average difference between the cores and the
nuclear density measurements. The premise of this type of
correction factor was that the final corrected nuclear gauge
density would be equal to the core density.

The second method of evaluating the data consisted of
determining a sliding (dynamic) correction factor based on
measured nuclear density gauge readings. For a given proj-
ect’s data, the core densities were divided by the nuclear
density gauge measurements to yield individual density
ratios. This was done for both the “with” and “without” lev-
eling sand data. Next, the individual density ratios were
plotted as a function of nuclear density gauge measurements
and a simple linear regression performed (separate regres-
sion analyses were performed for the with and without sand

data). Based on the regression line, the correction factor was
obtained for each individual nuclear gauge measurement.
This correction factor was then multiplied by the nuclear
density gauge reading for the corrected nuclear gauge den-
sity. Unlike the average bias correction factors, the premise
of this analysis was that a strong relationship existed
between the corrected nuclear density gauge readings and
the core densities.

To compare which method of reducing the data provided
a more accurate estimation of true density, the standard error
of the estimate was used and was determined for both the
with sand and without sand readings. Using the method of
static correction factors, the standard error of the estimate
was based on the line of equality because the premise of that
analysis was that the corrected nuclear density gauge read-
ings would be equal to the core density. For the dynamic cor-
rection factor measurements, the standard error of the esti-
mate was based on the linear regression line between the
corrected densities and the core densities.

Results of these analyses showed that the dynamic correc-
tion factors provided a better estimate of true densities (Table
2.9). Standard error of the estimates ranged from 0.61 to 2.75
1b/ft* for the dynamic correction factors. Using the static cor-
rection factors, the standard error of the estimates ranged
from 1.02 to 5.19 Ib/ft>. Additionally, it appeared that the
nuclear density gauge readings made with a leveling sand
gave a better estimate of true densities than did the measure-
ments without sand (Table 2.9). For the dynamic correction
factors, the with sand readings had lower standard errors of
the estimate for six of the eight sites.



TABLE 2.9 Standard error of the estimates for nuclear density gauge measurements

) Static Correction Factors Dynamic Correction Factors
St With Sand Without Sand With Sand Without Sand
2 2.53 3.73 2.44 2.85
3 1.98 1.65 0.83 1.31
4 1.32 1.55 1.28 1.52
5 1.76 2.08 1.15 1.73
6 2.29 2.68 1.56 1.17
9 2.29 1.02 0.61 0.96
10 5.19 4.45 2.57 275
11 2.28 2.20 1.82 1.78
Avg. 2.46 2.42 1.53 1.76

Based on this discussion, it was concluded that the nuclear
density gauges could be used to estimate the density of SMA
pavements in the field. A dynamic correction factor should
be employed to correct the nuclear density gauge measure-
ments and Ottawa sand should be placed on the pavement
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surface when performing nuclear density tests for best accu-
racy. Tests can be conducted without sand but more readings
would be necessary to develop the same accuracy as that

obtained when sand is used.
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CHAPTER 3
CONCLUSIONS AND RECOMMENDATIONS

The conclusions provided below are based on the research
results obtained during both Phase I and Phase II along with
available literature.

* The dry-rodded test for coarse aggregates is acceptable
for measuring the voids in coarse aggregate (VCA) that
can define when stone-on-stone contact is achieved in
the mixture. (Phase I)

» Excessive aggregate breakdown in aggregates may
make it difficult to meet VMA requirements. This often
becomes a problem when the L.A. abrasion is over 30.
(Phase I)

* Superpave binder tests can be used to evaluate the qual-
ity of SMA mortars. The DSR minimum requirement for
G*/Sind on unaged mortars should be set at 5.0 kPa. The
minimum requirement for G*/Sind for RTFO aged mor-
tars should be set at 11.0 kPa. The maximum stiffness in
the BBR test should be set at 1500 Mpa. These sug-
gested requirements are optional and should be used
with care until experience is obtained with these proce-
dures. (Phase I and Phase 1)

» No test was identified that clearly showed promise in
predicting performance of the SMA mixture during
Phase I; however, loaded wheel testing during Phase II
showed promise. Tests during Phase I included dynamic
creep tests, indirect tensile strength, resilient modulus,
and Marshall stability. A major effort to develop a per-
formance test is ongoing as part of Superpave. Results
of this effort should be applicable to SMA. (Phase I and
Phase II)

* The coarse and fine aggregates used in SMA mixtures
should be 100 percent crushed. The fine aggregate angu-
larity should equal or exceed 45. (Phase I)

» The L.A. abrasion of the coarse aggregate should be a
maximum of 30, however, experience has shown that
good SMA mixes have been constructed with L.A.
abrasion values above 30. (Phase I and Phase II)

» Flat and elongated particles should be measured on a 3
to 1 and 5 to 1 ratio. The requirement for 3 to 1 should
be set at 20 percent maximum. However, some locations
may have problems meeting this requirement. The
requirement for 5 to 1 should be set at 5 percent maxi-
mum. (Phase I)

A good screening test for fillers is the modified Rigden
voids. Fillers that exceed 50 cause the mortar to be
excessively stiff and difficult to work. (Phase I)

There should be no specification requirement for SMA
that sets a limit on the percentage of material passing the
0.02-mm size. (Phase I)

When SMA is used, it is normally better to increase the
PG grade by one or two grades above that recommended
based on the climate. AASHTO MP2, “Standard Speci-
fication for SUPERPAVE Volumetric Mix Design,”
should be consulted for guidance to change the perfor-
mance grade of the asphalt binder for traffic speed or
traffic level. (Phase I and Phase II)

The minimum VMA requirement should be set at 17
percent. (Phase I)

The 50-blow compactive effort with the Marshall ham-
mer appears to be reasonable. The compactive effort
with the SGC should be 100 gyrations for mixtures hav-
ing aggregates with L.A. abrasion loss values of less
than 30 percent. However, if the L.A. abrasion is above
30 then consideration should be given to lowering the
compactive effort to 70 gyrations. These gyration levels
are the design number of gyrations. For both gyration
levels, VMA requirements should be met as well as in-
place density requirements. (Phase I and Phase II)

The tensile strength ratio (TSR) of SMA mixtures is typ-
ically lower than for dense-graded mixes. This does not
indicate that SMAs are more susceptible to moisture but
does indicate that the acceptance limit for TSR should
be lower for SMA than for dense-graded mixtures when
tested in accordance with AASHTO T283. The TSR
requirement should be set at 70 percent. The TSR should
be conducted at an average air void level of 6.0 percent.
For SGC designed SMA, the samples should be com-
pacted in accordance with AASHTO MP2, Section 7.6,
which states the samples should be compacted to a
height of 95 mm for 150-mm diameter specimens.
(Phase I)

The use of fibers tends to do a better job than polymers
in reducing draindown. Polymers seem to do a good job
of decreasing temperature susceptibility of a mixture. So
there are advantages for both additives and in certain
cases both may be used. (Phase I)



* Breakdown in the laboratory tends to be 5 to 10 percent
on the 4.75-mm sieve for harder aggregates (L.A. abra-
sion loss value of 30 percent or less) and more for softer
aggregates (L.A. abrasion loss value of more than 30
percent). The Marshall hammer tends to breakdown the
aggregate more than the gyratory compactor (at 100
gyrations). Both laboratory compactors provide break-
down approximately equal to in-place compaction.
(Phase I and Phase II)

* Mixes designed using the method provided within this
report can be produced and placed in the field. There are
no specific areas of difficulty in meeting specifications.
(Phase II)

* SMA mixtures prepared in the laboratory perform well
when tested under laboratory wheel tracking tests.
(Phase 1I)

* Increasing the maximum aggregate size and/or the per-
centage of coarse aggregate produces a mix that is more
susceptible to permeability. When a mix with a smaller
nominal maximum aggregate size is used, such as 4.75
mm, the optimum asphalt content will tend to be very
high. The in-place voids must be approximately 6 percent
or lower to ensure that it is not permeable. Compaction
requirements should be set at a minimum of 94 percent
of theoretical maximum density for SMA mixtures.
(Phase II)

* SMA mixes are more permeable than coarse-graded
Superpave mixes and even more permeable than fine-
graded Superpave mixes for similar void contents and
similar nominal maximum size aggregates. Thus SMA
should be compacted in-place to a void content of
approximately 6 percent or less. (Phase I and Phase II)
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*» For the construction projects evaluated in this study,
there was no significant difference in aggregate break-
down for static and vibratory rollers. The L.A. abrasion
appeared to have little effect on the in-place breakdown
of aggregate. (Phase II)

* Asphalt binders undergo significant physical changes
when heated above 180°C (356°F). SMA mixes often
use modified binders which require higher temperatures,
but be cautioned when approaching temperatures of
180°C. (Phase H)

» The Brookfield viscometer and a workability test were
used successfully to measure the mixture stiffness, how-
ever, these tests could not be successfully used to deter-
mine mixing and compaction temperatures. (Phase II)

* A laboratory test was used successfully to measure the
permeability of SMA mixtures. However, a field test for
permeability was not successful. (Phase II)

* A nuclear gauge can be used to measure the in-place
density of SMA mixtures. However, the error can be
significant. The correction factor for nuclear gauges
should be based on cores and should be a function of
measured in-place density. The use of a leveling sand,
such as Ottowa sand, was shown to provide better
accuracy than not using leveling sand. When measur-
ing the density of SMA pavements, if leveling sand is
not used, more nuclear gauge tests should be per-
formed to provide similar accuracy. (Phase II)

* Too many projects are being constructed with incorrect
laboratory voids and high in-place voids. For best per-
formance, these properties must be controlled. SMA
volumetrics are extremely sensitive to gradation
changes, especially on the 4.75-mm sieve and on the
0.075-mm sieve. (Phase IT)




28

SELECTED BIBLIOGRAPHY OF STONE MATRIX ASPHALT

12.

13.
14.

16.

17.
18.

Date

1985

1988

1989

1989

1989

1989

1990

1990

1990
1990

1990

1990

1991
1991

1991

1991

1991
1991

Paper/Publication Title

Long-term Experience with Splittmastixasphalt in
The Federal Republik of Germany

Slitager av HABS

Report of the AASHTO Joint Task Force on
Rutting

Untersuchungen an einer
Splittmastixasphaltdeckschict-Follgerungen fur
die Praxis

EAPA Investigates Porous Asphalt and Stone-
Mastic Surface Layers in the EAPA Countries

Steenmastiekasfalt op Plaatsen met Zware
Belastingen

Stone-Mastic and Porous Asphalt Experiences
from the City of Gothenburg

Heavy Duty Asphalt Pavements-How Do they
Look?

Splittmastixasphalt

Zusazliche Technische Vertragsedingungen und
Richtlinien fur den Bau von Farahndeckenaus

Asphalt (in Germany-Section 4 Splittmastixasphalt)

Drainage Asphalt Concrete (HABD) and Splimastic

Asphalt Concrete (HABS)-History, Technical
Descriptions, Experiences and Future in Sweden

General Specifications for Stone Mastic Asphalt

An Introduction to Stone Matrix Asphalt (SMA)

Stone Mastic Asphalt Reduces Rutting

A Preliminary Evaluation of Selected Factors
Influencing the Performance of Stone Mastic
Asphalt Mixtures (SMA)

Evaluation of Selected SMA Mixtures with
emphasis on Materials Used in the 1-85, Georgia
SMA Project

Fiber and Fill: A Key to Super Asphalt Success

Der Splittmastixasphalt-eine Bauweise mit vielen
Anwendungen

Author

Kast, O. E.

Translation by Kjell Sardal,
Ballast Vast AB, Gothenburg

Tappert, A.

Rinckes, G.
Ohlsson, S., and Sandin, A.
Liljedhal, B.

Tappeneir, W.J.

Johansson, J.

Scherocman, J.A.

Little, D.N., Dutt, P., and
Syed, A.

Little, D.N.

Hoppe, W.

Publication

Eurobitume Symposium 1985

Publication 1988:42 HABS (The
Swedish Construction Specification),
NCC, 19

American Association of State Highway
and Transportation Officials, Feb 1989

Bitumen 2/89, p 53

INF. European Asphalt Pavement
Association, May 1989

Asphalt No. 2, VBW-Asfalt, 1989, p 16

The Street and Highway Department
of the City of Gothenburg

Asphalt Study Tour, Sweden, The Swedish
Asphalt Pavement Association 1990

Novophalt America Inc., 1990

Der Bundeminster fur Verkehr 1984,
(Revised edition 1990)

Swedish National Road Administration,
1990

Udbuds-og anlaegsforskrifter, Almindelig
arbejdsbeskrivelse Varmblandet asfalt.
Nov 1990 (Draft translation of Danish
Specification, April 1991)

ScanRoad, Sweden, Jan 1991

Better Roads Vol 61, No 11, Nov 1991,
p. 26

Interim Report, Texas Transportation
Institute, 1991

Draft Final Report, Texas Transportation
Institue, 1991

Asphalt Contractor, Nov-Dec 1991, p 52
Bitumen, 1/91,p 2



20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.

39.

40.

41.

42.

43.

Date

1991

1991

1991
1991

1991

1991

1991

1991

1991

1991

1991

1991

1992

1992

1992

1992

1992

1992
1992
1992

1992

1992

1992

1992

1992

Paper/Publication Title

Verleichende Untersuchungen an stabilisierenden
Zusatzen fur Splittmastixasphalt

Stone Mastic Asphalt Test and Evaluation Project
No 18

Stone Mastic Asphalt: A Potential Rutting Solution

Asphalt Mix Technology Puts Emphasis on
Aggregate

Wisconsin Tests New Stone Mastic Asphalt
Technique

Development of Stone Mastic Asphalt for
Ontario Use

SMA Comes to the USA

Report on the 1990 Eurpean Asphalt Study Tour

Split Mastic Asphalt-Next Overseas Import?

Over 300 Gather for European SMA FHWA/
Michigan Demo Project

European Paving Technology Spurs American
Thought

Dunne Deklagen van Steenmastiekasfalt

Stone Mastic Asphalt
Supplemental Specifications

Stone Mastic Asphalt for Very Thin Wearing
Courses

Stone Mastic Asphalt

Stone Mastic Asphalt (SMA) Mixture Design

Splittmastixasphalt
European Road Comes to the U.S.
Did Pheonix Originate SMA Mix Design?

New Mixes, Modifiers Put to Test on [-94

Experience with Stone Matrix Asphalt in the
United States

Use of Stone Mastic Asphalt in Germany State of
the Art

The Future of SMA in America

Construction Procedures for Asphalt Concrete
Pavements in Europe

Author

Richter, E.

Bukowski, J.

Pryor, C.
Drake, R.

Eaton, M.

Carrick, I., Macinnes, K.,
Davidson, K., Schenk, W., and
Emery, J.

Warren, J.M.

Kuennen, T.

Eaton, M.

Parson, R.H.

Rinckes, G.

Serfass, J.P., and Samanos, J.

McDaniel, P.

Stuart, K. D.

Prendergast, J.

Matteson, J.H./Kuennen, T.

Milo, A.C.

Brown, E.R.

Bellin, P.

Bukowski, J.R.

Schultz, O.W.

29

Publication

Bitumen, 2/91, p 69

Office of Technology Applications Federal
Highway Administration, 1991

Stone Review, Oct 1991
Pit & Quarry, September 1991

Roads & Bridges, Vol 29, No 9, 1991, p45

Asphalt Review, Vol. 10, No 4, Dec 1991,
Australian Asphalt Pavement Association

Hot Mix Asphalt Technology, Fall 1991,
National Asphalt Pavement Association

American Association of State Highway
and Transportation Officials, 1991

Roads and Bridges, Vol 29, No 1, Jan 1991,
p48

Roads and Bridges, Vol 29, No 10, Sep
1991, p 98

AASHTO Vol 70, No 4, American
Association of State Highway and
Transportation Officials, Oct 1991

Asfalt 4/1991, VBW-Asfalt, 1991, p 5

Georgia Department of Transportation,
Sep1992/July1993

Georgia Department of Transportation,
Sep 1992/July 1993

Transportation Research Board, 1992

Experimental Project No. M091-05
Initial Report, Missouri Highway and
Transportation Department, 1992

FHWA-RD-92-006 Federal Highway
Administration, Mar 1992

Deutscher Aphaltverband
Civil Engineering, May 1992

Roads & Bridges, Vol 30, No 1, Jan 1992,
p S8

Centerline, Michigan Asphalt Pavement
Association, Fall 1992

National Center for Asphalt Technology,
March 1992

Paper subitted to Transportation Research
Board Committee A2R02, 1992

Asphalt, Asphalt Institute, Winter
1992-1993

Association of Asphalt Paving
Technologists, Vol 61, 1992, Symposium:
Application of European Technology for
Improved Pavement Performances, p 612



30

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.
63.

65.

Date

1992

1992

1992

1992

1992

1992

1992

1992

1992

1993

1993

1993
1993

1993

1993

1993

1993

1993

1993

1993

1993

1993

Paper/Publication Title

Materials and Mix Design

Transfer of Technology from Europe to the USA

Construction of Stone Mastic Asphalt Test
Sections in the U.S.

Introduction of Stone Mastic Asphalts (SMA) in
Ontario

Evaluation of SMA used in Michigan (1991)

The Construction and Performanace of Polymer
Modified Asphalt Concrete Pavements

The Design and construction of Stone Mastic
Asphalt Pavements

Experiences with SMA

The Design, Construction and Performance of
Stone Mastic Asphalt Pavement Layers

Herstellen und von Splittmastixasphalt-ein
Erfahrungbericht

Stone Matrix Asphalt: Introduction of Loose
Cellulose Fibers into Drum Mix Plants

SMA, Arizona Link No Exaggeration

Multigrade Asphalt Multi-Contender for Large
Aggregate, Surface Course and SMA Mixes

Stone Matrix Pavements Require Special Technique

Pre-Mix SMA Fibers with Asphalt Cement

Laboratroy Investigation into the Impact of
Polymer Type, Polymer Concentration, and
Aggregate Gradation on the Properties of Stone
Matrix Mixes

Evaluation of a Stone Matrix Asphalt Overlay
over PCC

Stone Matrix Asphalt in Indiana

SMA in America

Evaluation of Stone Mastic Asphalt in Missouri
Route I-70, Boon County

New Coarse Matrix High Binder Mixtures

New Developments in Analytical Asphalt
Mix Design

Author

Van Der Heide, J.P.H.

Harrigan, E.T.

Scherocman, J.A.

Kennepohl, G.J., and
Davidson, J.K.

Brown, E.R.
Scherocman, J.A., and

Schutz, O.W.

Scherocman, J.A.

Schroder, 1., and Kluge, H.-J.
Scherocman, J.A.

Milster, R.

Karnemaat, R.J., Vreibel, D.].,

and Van Deusen, C.H.
Morris, G.R.

Kriech, A.J.

Kuennen, T.

Reinke, G.

Campbell, B.E.

Haddock, J.E., Liljedahl, B., and
Kriech, A.J.

Bukowski, J.R.
McDaniel, P.

Tahmoressi, M.

Francken, L., and
Vanelstraete, A.

Publication

Association of Asphalt Paving
Technologists, Vol 61, 1992, Symposium:
Application of European Technology for
Improved Pavement Performance, p 584

Association of Asphalt Paving
Technologists, Vol 61, 1992, Symposium:
Application of European Technology for
Improved Pavement Performances, p 638

Association of Asphalt Paving
Technologists, Vol 61, 1992, Symposium:
Application of European Technology for
Improved Pavement Performances, p 642

Association of Asphalt Paving
Technologists, Vol. 61, 1992, p 517

National Center for Asphalt Technology,
Report No. 93-3, 1993

7" International Conference on Asphalt
Pavements

American Association of State Highway
and Transportation Officials, Annual
Meeting, 1992

Bitument, 4/92

Proceedings of the Canadian Technical
Asphalt Association, Nov 1992, p 132

Bitumen, ARBIT, Jan 1993

Transportation Research Board, 1993

Roads and Bridges, Vol 31, No 6, Jun 1993
Asphalt Contractor, Jan 1993, p 22

Asphalt Contractor, Feb 1993, p 8

Roads and Bridges, Vol 31, No 9, Sep
1993, p 38 (Adapted from Karnemaat et al
Transportation Research Board, 1993)

Association of Asphalt Paving
Technologists, Vol. 62, 1993, p 314

Research Report No. 9202, Georgia
Department of Transportation, 1993

Transportation Research Board, 1993

Transportation Research Board, 1993

Experimental Project No. Mo 92-07,
Initial Report, Missouri Highway and
Transportation Department, 1993

Asphalt, Asphalt Institute, Winter
1993-1994

5% Burobitume Congress, Volume 1B,
1993, p 502



66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

71.

78.

79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

Date

1993

1993

1993

1993

1993

1993

1994

1994

1994
1994

1994

1994

1994

1994

1994

1994

1994

1994
1994

1994

1994

1995

1995

1995

1996

Paper/Publication Title

First Attempts in the Appliance of Splittmastix
Asphalt in Bulgaria

Effect of Mortar Stabilizers in Split-
Mastic-Asphalts

The Design, Construction and Performance of

Stone Mastic Pavement Layers: the Continuing Story

Evaluation of Laboratory Properties of SMA
Mixtures

Stone Mastic Asphalt Wearing Course

Aggregate Production Requirements for Stone
Matrix Asphalt

Dense Graded Mixtures Getting Industry Out of a

Rut with Stone Matrix Asphalt Mix

U.S. Embraces Concept of Stone Matrix Asphalt

Fibers Add Muscle to Asphalt Mix Operations

Stone Mastic Asphalt Pavement and its Effect on
Highway Traffic Noise Levels

Evaluation of Using Different Stabilizers in the
U.S. Route 15 (Maryland) Stone Matrix Asphalt
(SMA)

Mix Design Considerations for SMA Mixes

Evaluation of Stone Matrix Asphalt Versus
Dense-Graded Mixtures

Structrual Strength of Asphalt Rubber Concrete

Developed Through Stone Mastic Asphalt Concept

Stone Mastic Asphalt, Route I-70, Callaway
County, Construction Phase Report

Guidelines for Materials, Production, and
Placement of Stone Matrix Asphalt

A Comparison of Field and Laboratory
Compacted Asphait-Rubber, SMA Recycled and
Conventional Asphalt-Concrete Mixes Using
SHRP A-003A Equipment

SMA-Innovation in Asphalt Pavement

Stone Matrix Asphalt—Properties Related to
Mixture Design

Stone Matrix Asphalt Construction Procedures
(Draft)

Untitled

Analysis of Mineral Fillers and Mastics used in
Stone Matrix Asphalt

Performance-Related Testing of Stone Mastic
Asphalt

Minimum Aggregate Quality Levels for Stone
Mastic Asphalt Mixes

An Investigation of Stone Matrix Asphalt
Mortars

Author

Grosshans, D., Shivarov, L1,
and Nikolova, Sv.K.

Harders, O.

Scherocman, J.A.

Brown, E.R., and
Manglorkar, H.

Walsh, 1.D.

Marek, C.R. and Dukatz, E.L.

Avera, L.T.

Flynn, L.

Polcak, K.D.

Stuart, K.D., and Malmquist, P.

Carpenter, S.H.

Mogawer, W.S., and Stuart, K.D.

Svec, 0.1, and Veizer, R.

Harvey, J., and Monismith, C.L.

Bukowski, J.R.
Brown, E.R., and Mallick, R.B.

Fujita, D.

Harris, B.M., and Stuart, K.D.

Partl, M.N., Vinison, T.S.,
Hicks, R.G., and Younger, K.

Ruth, B.E., West, R.C.,
Huang, S. and Moroni, LE.

Brown, E.R., Haddock, J.E., and
Crawford, C.

31

Publication

5% Eurobitume Congress, Volume, 1B,
1993, p 508

5t Eurobitume Congress, Volume, 1B
1993, p 606

Proceedings of the Canadian Technical
Asphalt Association, Nov 1993, p 333

National Center for Asphalt Technology,
Report No. 93-5, 1993

Clause 995 AK, Kent County Council
Specification, Nov 1993

United States Hot Mix Asphalt
Conference, Atlanta, Nov 1993

Asphalt Contractor, Jan 1994

Roads and Bridges, Vol 32, No 1. Jan 1994
p 44

Asphalt Contractor, Feb 1994, p 66

Transportation Research Board, 1994

Transportation Research Board, 1994

Transportation Research Board, 1994

Transportation Research Board, 1994

Transportation Research Board, 1994

Report No. Mo 93-01, Missouri Highway
and Transportation Department, 1994

National Asphalt Pavement Association,
Information Series 118, 8/94, 1994

Association of Asphalt Paving
Technologists, Vol. 63, 1994

TR News 171, March-April 1994

National Center for Asphalt Technology,
Report No. 94-2, 1994

SMA Technical Working Group,
sponsored by the FHWA, May 1994

Unpublished Report, Watanbe-Gumi Co.
Ltd., 1994

Journal of the Association of Asphalt
Paving Technologists, Vol. 64, 1995

Journal of the Association of Asphalt
Paving Technologists, Vol. 64, 1995

Report No. FL/DOT/RMC/648-4483
Florida Department of Transportation,1995

Transportation Research Board, 1996



32

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Date
1996

1996

1996

1997

1997

1997

1997

1997

1997

1998

1998

Paper/Publication Title

Design and Construction of SMA Pavements in
Wisconsin

Summary of Georgia’s Experience with Stone
Matrix Asphalt Mixes

Construction of SMA Section at Edwards AFB

The Construction and Performance of Stone
Matrix Asphalt Pavements In the United States

Characterization of Stone Matrix Asphalt
Mortars

Development of a Stone Mastic Asphalt Design
Methods for South African Conditions

Performance of Stone Matrix Asphalt (SMA)
Mixtures in the United States

Development of a Mixture Design Procedure for
Stone Matrix Asphalt (SMA)

Method to Ensure Stone-on-Stone Contact in
Stone Matrix Asphalt Paving Mixtures

Stone Matrix Asphalt: The Wisconsin Experience

Evaluation of Permanent Deformation of Stone
Matrix Asphalt Mixtures

Author

Reinke, G. and Jensen, G.

Watson, D. and Jared, D.

Shoenberger, J.E.

Scherocman, J.A.

Brown, E.R. and Haddock, J.E.

Louw, L., Semmelink, C.J. and
Verhaeghe, BMJA

Brown, E.R., Mallick, R.B.,
Haddock, J.E. and Bukowski, J.

Brown, E.R., Haddock, J.E.,
Mallick, R.B. and Lynn, T.A.

Brown, E.R., and Haddock, J.E.

Schmiedlin, R.B.

Tung-Wen, H. and Jeng-Thoa, L.

Publication

Transportation Research Board, 1996

Transportation Research Board, 1996

Transportation Research Board, 1996

Eighth International Conference on Asphalt
Pavements, August 10-14, 1997, Seattle
Washington, Vol. I Proceedings

Eighth International Conference on Asphalt
Pavements, August 10-14, 1997, Seattle
Washington, Vol. I Proceedings

Eighth International Conference on Asphalt
Pavements, August 10-14, 1997, Seattle
Washington, Vol. I Proceedings

Journal of the Association of Asphalt
Paving Technologists, Vol. 66, 1997

Journal of the Association of Asphalt
Paving Technologists, Vol. 66, 1997

Transportation Research Board, 1997

Preprint prepared for Presentation at the
1998 Annual Meeting of the Transportation
Research Board, National Research
Council, Washington, D.C. 1998

Preprint prepared for Presentation at the
1998 Annual Meeting of the Transportation
Research Board, National Research
Council, Washington, D.C. 1998



PART 2: Mixture Design Method,
Construction Guidelines, and Quality
Control/Quality Assurance Procedures






Volume IV
Mixture Design Method, Construction Guidelines, and
Quality Control Procedures

Prepared for
National Cooperative Highway Research Program
Transportation Research Board
National Research Council

By
E.R. Brown, L.A. Cooley, Jr., J.LE. Haddock, C.S. Hughes, and T.A. Lynn
July 1998

Preceding Page Blank



TABLE OF CONTENTS

TABLE OF CONTENT S . ..ottt e e e e e e 1
INTRODUCTION ...ttt e it e et e et eens 1
STANDARD PRACTICE FOR DESIGNING STONE MATRIX ASPHALT (SMA) ........... 2
STANDARD SPECIFICATION FOR DESIGNING STONE MATRIX ASPHALT (SMA) ..... 15

STANDARD PRACTICE FOR THE CONSTRUCTION OF STONE MATRIX
ASPHALT (SMA) oottt e et e et et et 25

STANDARD TEST METHOD FOR DETERMINATION OF DRAINDOWN

CHARACTERISTICS IN UNCOMPACTED ASPHALT MIXTURES ..................... 39
STANDARD PRACTICE FOR TESTINGHMAMORTARS . ...... ...t 44
EXAMPLE MIXTURE DESIGN ...ttt i 48
EXAMPLE PROBLEM: Determining Percent Passing by Volume ......................... 59



1eunog OLHSVY
(VIAS) yeqdsy xinep ouolg
SurudIsa(y 10§ d1)I81g PIEpURIS

'papraoid sre sumjoa £q Surssed o3e§a133e jusorad
uodn paseq suonepesd VNS PU|q 0} smoy Sunensny|t ojdwexs ue pue uisap SMUXIW VS Sjdwexs
ue ‘A[[euonIppy ‘srepous jeydse xmw 3oy yo Sunss) pue uoneredod oy 10 3ouoeid pIepue)s € pue
Yeydse xuw 304 pajorduIooun 3o SOUSLIAIORIEYD UMOPUTEIP SU) SUIUTULIANSP 10§ POGIOUI 1S3] PIEPUE)S
€ 9pN{oul pue 8-6 JYHON JO 10onpuod a3 Surmp padojaasp Sunsa) £10je10qe] 10} SPIBPUE)S OM]
SIe JeulIo) OQLHSVV Ul pajuasaid os|y “spIepuels QI HSVV JeIp Se saImXiu YIS 10§ sempasold
douemsse Arfenbsjonuos Ayenb pue ‘saunsping uoyonnsuos ‘2mpasold USSP X1 PIZIRUL
3y s1uasaxd (A]) SWN[OA ST, 'SSWM{0A 2AY Ul paystjqud U2aq sABY APTys SIY} JO S3NSa1 Sy
‘siuswaaed YIS 103 sa3ned AIsuap Iesponu jo uolstoaid pue
£semode 3y pue ‘suswaambal AISUSp Jo UOREIYLIA ‘Sompasod souemsse Ajenb/jonuos Aenb
Jo jusurdo[aasp ‘ssurjaping uoHoNnsuod Jo JuswdojaAsp empaooid uSISOP XTI U3 JO UOHEN[BAD
P13y ‘ampasoid uSisop xuu & jo juswdoaasp ‘sisa) K10je10qe] syeudordde ‘sonzadoid smyxru pue
[EH21BW ‘MBTASI 2.MJRIAM] 1S21d0) SULMO[[0] oY} PIpN{oul Jeu SySe} § PaajoAut 309f0id sy,
8661
w pa331duiod sem pue -6 SYHON oquinu 193{oxd Jopun (JYHHN) WeiSold yoreasay AemySiy
2aue12doo)) [euoneN 3y Aq papury sem 31om SIYL (VIAS) 3eydse Xineur suojs 10J ampadsoad

uS1sap XIul e pajeptjea pue padoaasp sey (LYON) ASojouyoa] eydsy 131u3)) [eUCHEN YT

NOLLONQOWINI



14

pue ps103]as sl Jopuiq Jeydse jusniad ¢ g pue 9 UIIMIS] JUU0D Japulq Jjeydse jern
[BUIUI Ue ‘Uonepeid [BLG Yors 10 6L YIM S0UEPIOIIE Ul PIUTULINOP I uonepeld
[e15 yoea 1o} 2jeda185e 251200 AY) J0J JYT1oMm ITUN PIpPoI-AIp Y, SIWN[OA

uo paseq oIe VIS 10j SUOLEPEID) "PIpUs[q xe saidyooss jedars8e pajosyes

oy woyy suonepes ajedai8Se [eLy sa1y) 15e9] 3V - uoyepeln umuydQ 199[2S
‘uoneo1y10ads 359U JBY) PIJO3[9S SIe SOALIpPE SUIZI[IqeIs

pue ‘siafjy [ersurw ‘soqidsjools apedar38e ‘1opuiq 1eydsy - UONOI[SS S[ELISIEN

(44

|84

23ndeL] aY) Jo ArewiuIng

1aqy 10/pue Jowik[od - ANIPPY BUIZIIqEIS

aAnppe Swizi[iqess pue

“(aaats wuwt ¢/ Surssed [errajewr) I9[[Y ‘1opulq Ifeydse JO IMXIW - TELON VIS
-azis 918301338

WNWIXEW [BUIWOU 3Y) UBY} 195I.] 3ZIS SAQIS SUO - 9ZIS 9)edaI88y wnunxep
Jusatad (1 uey) slowt

SUIR}o1 18U} ASIS JSITJ SU} Uety IaSIe] 9ZIS SUO - 9ZI§ 91283133y WnWIXey [BUIUON
‘pasn

J13aquy pue ‘1apuiq Jjeydse ‘sproa e ‘oje8a135e suly ‘I9]jyy SSPN{OUL SWM[OA STYL
‘sajoned a1e8o158e 951800 3y} USIMIDG UL SWIN[OA 33 - 91832133y 981800 UI SPIOA
(Z-SN) uauroads

3y} JO Sum[oA 810} 33 JO Juaoiad  se passardxe usiuod jfeydse 2419333 3G}

PUE SPIOA 118 3y} S3pnjoul jeyy amyxrw Sutaed pajoedwoo e Jo saponted aeSardse s
us5M13q 998dS PIoA JBNUBISISIUL JO SUIM]OA U} - (VINA) Se8o188e [eIoull Ul SPIOA
(Z-SW) 2mxTir pjoeduiod ) Jo swmioa j[nq sy}

JO jus01ad se passaidxs ‘amyxrur Sutaed pajoedwios e moysnory saponred sjeda1ise
PaTR0D 3y U9aMIaq 1E JO s3a300d [fRus 3u JO SWnjoA (2101 3Yi - (°A) SPIoa Iy
“JUSWAIMbAI WNLLTUIL SWOS PAIIXD IS (WINA) 21edo133e [erounu

54} UL SPIOA 3y} UOSEA SIY} 10,] "PIsn 2q JUaju00 1apurq Jjeydse YS1y A[oAne[al e 1ey)
soxmnbaz ssuswiopisd VNS Poos sty pue AousiSISuod Iepioul A1030e]sues papraoid
3q 1SNW £3UB)SISUOD PAISIP SU3 JO JEHOLI JUSIOYING “SIZIS 1930 SE pajeudisop

3q ABW J1IqQ SASTS UIWI G/ °f S} UO pautelal a1edaidde oy Jo uonoORy eyl 3q 03
PaI1opIsuod Aj[e1suad st a1e821583e 951800 oY, *(10BIUOD SUOJS-UO-3U0]S SE 0 PILIDJ3L
A[1r10uss) 10v1U00 3)ed2183e 95IL09-10-2)e50188E 351800 (YLm USRS NeFo135e ue
SABY 1SNW SIXIU 3], "IEHOW YoLI 1apuiq jjeydse ue pue uojapays 91e3a183e as1e0o
® ‘sued om} Jo Sunsisuoo jjeydse x1u 10y e St YIS - Jeydse Xinem auols - YIS

8¢

L't

e

£e

(47

e

A3ojounmiay,

sadA] XIN-10H Ia3( pue 33210u0)) Jjeydsy 10J Spoay udisa X1

smgysuy Jeydsy

J0)0edwIo)) A1ojeIAD SYHS Yt

JO sueay Aq suswroads Jeydsy XIN-I0H Jo Asus( sy Sututunsla( pue Sutredsig
sax1y snowtwng jo Suidy uuay Suo pue LoUS

uS1so(y XIN OIPUM[OA FAVIYHI(S 10) uonesirosdy

b4 Jopurg yeydsy papeiD) 35UBULIONIS 10} Uonedsyloads
s3ewe(] PoONpU] STSIOJ O} SAMIXIJA SROUIMIIF Pa1oeduio) JO IIURISISAY
snyereddy [[eysIejy Suis() s[eLISIey SNOUTNIIE JO MO, S1ISB[d 0} 30uelsisay
samXI] Sutaeq snourumylg Jo ANARLD O1J10adg WNIXEI

susuxtoeds A1

-308pmg pareInieg Suis() SAIMXIA snourwmylg pajoedwo)) Jo AarlD) oyroadg ng
ST10§ Jo Alaelp oytoadg

21882188V ss1e0)) Jo uondiosqy pue AjlaelD oyLoads

21e82188v sur, jo uondiosqy pue Ajiaeln) sy1oadg

$31e82183Y 951200) pUR Jul] JO SISA[BUY 9A3IS

91232133V ul SPIOA pue ySop nun)

‘Splepuels OLHSVY

TS
(A4

vdL

tdd
TdN
1dN
£87L
944N
60CL

9911
001L
8L
8L
LTL
611
| X4

SJEWNIO(] PIVUIIJIY

‘asn 01 1014d suoypiuy Liopmndas

Jo dup1qoonyddo 2y aurui.eiap puv saonovad yivay puv A1afvs ai14do.ddp ysijqoiss
01 pappuD}s S1y1 fo 4asn ayp Jo Q1qisuodsal ayy S13] "3SN SI1 YIIA PRIVIDOSSD

“Aup fi ‘suia0u09 (afvs ay1 Jo [1p $S24ppD 01 340dind jou S20p PADPUDIS SH[]

*AJuO UOHBWLIOJUT I0f 91 sesatpusred

w sy ysiSug oYy, "pIepuels 2y} se papIedal aq 01 SIe S)UM S Ul PIJEIS SaN[ea YL
"J0BIUOD SUOIS-UO

-3u03s Jo 3ouasaid oy} pue ‘a1e82188e [RISUI UL SPIOA ) ‘SPIOA JIB JO SULID} Ul YINS
a3 Jo satpadoxd SLIOWM{OA 3Y) UO paseq st UBISSp VNS 2U1 “IouIley [[eysIejy
PaoE]-1R]} ‘OSBq d1IEIS ‘[2IIUBYOSW € 10 (DOS) Jopedwo) A101eIAD JYHS Ui

Iayie Suisn (YALS) 1eydsy XLnep suols Jo uSisop oy $19405 9010e1d PIEpUENS SIY]

(VIAS) eqdsy Xine duos
S SuruBIsa( 10J dNIEIJ PIEPUEIS

€1

71

'l
adoog



A10ye10QR] 543 SULmp 2ANIppE SWIZITIGE]S 313 JO UOUNQLISIP USAD U IMSsul
0} papsau st ampaooid sy, -s1eS2185e paresy o) Yim POXIUI A[jenueul 5q
0s{e p[noys sAuIppe SwIZI[iqe)s Ay, “Iopulq J[eydse a3 JO UOLINPONUL 3} 0}
Joud s1e3a183e paresy sy} 0] pappe 2q pinoys ‘Isuikjod Io/pue 19q1] ‘SALIppE
Swizifiqess 2y, “armeradure; Surknu paysijqelss ay) o3 Iopuiq jjeydse ayp
189 (1,08) D.8Z A19rewxoidde uey; a1ow £q ¢£'9 UOYOIS UL PIYSI[QRISS
amjeladws) Sunau oy} Su1pasoxs jou amjeraduiad) e 0} JB3Y PUB USAO
ue ut aoejd pue ued yoes ur sjeda188e ayy iy sweid gosy K[s1eunxoidde
aq [ s1y ‘uogoedwos DN 10, ‘sureid 0oz A[ereuirxoldde sq
T[4 st uoyoedwod [[RYSIEIA 10, “3Z1S 1091100 2} JO UswIoads pajoeduros
B Ul J[0Sal [ Je1)) 93882183 Jo yojeq e sonpoid o} pannbal uonoey
SZIS 0'a JO Junowle sy uswnoads 1591 yoes Joj sued ajeredss ojur ySop €49
‘u31sIp e Jo pus
a1} 12 10 IopuIq jjeydse sy} ul speLL 9q O] S1 2TUBYD B Usym 1da0X3 ‘JUdA[OS
Y1l UBS[D PaYSem JO [I0[o Yim padim aq j0U [[eys Inq ejryeds oquuij [[ews
& [ Suide1os Aq aNpIsal JMIXIMI JO PSUBID 2q [[BYS SIALIYS PUE [mOq i)
J0 sopis 2y} pue Surkiul 19)ye pondurs aq [[eys Yojeq SIYJ, 'SI2LMS PUE [M0q
amyxiu ay  Sunsnng,, 3o asodmd ayp 1o paxTul 94 f[BYSs Yojeq [eRIUI UY  TH9
‘pasn 24 fjeys smyeredde FuixTwr [eOIURYOAW Y ['H79
SOIMXIA] JO uoneredarg
‘pasn 3q p[noys
amjeladwe) Surxrw Joy saurjapms s Jamyoeynuew JswAkod ayf -sispulq
1jeydse payyipow 1owA{od 10] pagueyo 2q 0} pasu Kew sarmeradus) pajosjes
oy ‘siopuiq jjeydse 1eau 10 YIOoM Somyeladiua) 59Y) S[IYm ‘I0ASMOY  €¢°9
amjeraduwis) uoyoeduwiod ay) 3q [{eys 1§29 OEFO/T JO LI1S0osIA
2 2onpoid 0] pajeay aq jsnw 1opulq Jjeydse ay3 yowym of amyesadwa) Yy  Z°€9
‘amjeradwa) SUIXTW 3y 3q [[BYS 1S9 OZFQL] JO AJISOOSIA
e 2ompoid 0] pajesy aq ISnW I9puLq 3jeydse sy3 Yorym o amjeradwo} Yy 1°¢'9
:samieradwa ], uonoedwo)) pue SUIKIA] JO UOLBUILILIANRJ
(8 "oN) wu 9¢°Z Swisseq
(8 "ON 03 ¥ "ON) URL O£’ 03 G/}
( "ON 03 Youl ) WIL G/t 03 §'6
(Uout ¥ 01 34) Wi 66 01 G'ZT
(your 7 01 %) urw 1 01 °61
(your v 01 1) ww (6 01 0°6T
(4our 1 03%1) W (67 01 §'LE

9

£9

‘PSPUSWILIONAI I SUOoRY 92Is SUIMO[[0] YT

‘SUOIIORY 92IS PaNSap dy ojul ulasis-Ap Aq sajedaidSe oy syeredss pue (,0€7 03
122) D011 03 GOT I® SSew Jurisuod e 0} sayedardTe 1] - s93e82133v Jo uoneredaly
6071 01 SuIp1099€ AJISUSP WINTUIXBUWT

[B9U2I03Y} Y} SUILLISP 0] Pasn ST uonepels [eL Yyoes Jo s[dwes SurnewsI sy,
“pa1oeduwion sre uonepers [eLy yoes 10J sojduwres moj 3y} JO 931} PUE JUSJUCD IOPULq
J[eydse [eLn a1 ym poxTw ST opdures Yoy "SUONEpei3 [eLy 331y} SU) JO YoLd J8
sajdues moj ‘paxnnbal A[eniur a1e sajdures aa[3mi JO €10} V - so[diueg Jo Joqunn

19

suawmpadg 353 L

‘Soum|oA oijjen ySny 104 03 pajoaiqns
uaym soueurofrad pood apraoxd [rum 1ey; samxTn VNS Al030B)syes opraoid
Yorym saImXi YN uSisap o} pasn st 9onoeld snp ur paquosap ampaooid ayJ,

s

as[) pue sduedIYUSIG

“JoWl are sjuswannbal uonesiyroads

1B} 0S PLIPOLU 3q ISNUL I “S1$3) WMOPUTRIP 10 Ai[iqudassns armysiour a3

S[Ie] SIMXIW 31} J] "WMOpUIRID Iapulq Jjeydse 0} AJIAT}ISUSS 10] PSIEN[BAD ST AMYXIUL
paudisap o], ¢8I Ylm 90UBPIOOOE Ul PAen[eas st “yussiad [F9 Jo (CA) Jusju0d
Ploa 1Ie Ue 01 G4 10 Hd1 JIm 30UepIosse ul pajoeduros pue pauSissp aImXIuL st
Jo Arpiqudsosns aImstow sy - umopwexJ pue A1iqudsosng 2mys1ojy Sunenjeag
“Joul oIe sjuswambal uoyes1y1oads Jey) 0S PIIJIPOUI 3 JSTIUI PUE S[IE] IBIIOW )
‘Joul J0u 3¢ syuswannbal uonesy1oads JepoW YIS AU JT 1 JIN M 90UEpIOade Ul
pajenjeas pue amyxmwl pausisap [euy oy Jo (sseuwr £q) safejuaoiad sy je paredaid st
Tepoul YIA'S oy} ‘painbai st ugsay Iepiou J - so11odoly TeLO VIALS JO Uonen[eag
"11 uoyoag o spuswaImbsi

o1 YILM SOUBULIOJUOD AI0}0BISIIES JO SISeq U} UO PIJO3[3S SI JUU0D ISPULq

j[eydse uBisop ay], 'sIuS)u0d Iopulq jjeydse 931y 18 GHZ] 10 pd L Yilm 9UBPI0ose
ur pajoedwoo are susuIoads o1eordsy - UOYDA[IS JUAUOY) Iopurg yeydsy uSisa(y
‘paAdIyoe

9Ie JOBJUOD JUOJS-UO-IUOJS PUR SIUSWIINDSI VI A WNWIUIN Jey] JMSUI 0] PAI[as
SL UOYEPEI3 SYJ, “JSURUEY [[RYSIE 21} ST POYIaUI Uonoeduwiod pajos[as aus JI SH7L
A 90UEPIOJSE Ut P3orduios aTe Sustwtoads 9omy 1sea] 18 pue pasn st 1030edwiod
£1032148 THHS 913 J1 dL UM 20UBPIOIE Ul Pajordiio are suswoads om} 1sea] 18

vy

9



*L 7 MO13q SO"0 JO JUSWIBIOUT YOBD J0J 1u9019d

10 A[@rewrxoidde pasealout 9q Ueo JuSUOd I9pulq Jeydse [eL o ‘gL T mojaq st a1eg0133e

351800 31} JO Ay1ARIS 01J109ds [Nq oY JI "$/'T 3A0QE GO°( JO JUSWAIOUL YoErs 10] Juadsad

1°0 Ajorewirxoxdde 4q paonpa 5q Ued JUSIUOD 13puLq J[eydse [eLn Y} ‘G, 7 SPaRoXa sjedaidde

251200 913 Jo Ataeid oyyroads Jjnq oyl I "PA193[as 3q P[NOYS Ssew Aq 193318 10 Jusdad
09 A[areurrxodde 3o Juayuoo jreydse ue ‘g 7 of [enbs Ajeunxoidde sanaeil oygroads

Jng wia sareSeidse 1oj qurod Sutess e sy - Jusue) spuig Heqdsy [elL], Jo UoBRRS ‘8
Juaozad
(] UeT S10UI SUILIQL 1B SARLS ISTY 33 e 193xe] 5215 200 - 9ZI§ 3)eSr33 Y WNIKEA [BUMUON - SYINN
ST 4! 01 8 128 8 01 8 o1 8 SLO0
(44 ST sl 4 ST (A} St Tl ST Cl £0
8T 81 81 [at 81 Cl 81 <l 81 [4¢ 90
9¢ [44 1T ¢l 1z €1 17 €l 17 el 81’1
9 8T 8T 114 ¥C 91 174 91 144 91 9¢'C
001 06 09 9T 8T 174 8T [174 8T 0z SLY
001 001 001 06 8L 9T 09 ST (44 yT 6
001 001 001 06 L Y €9 9t Al
001 001 001 06 98 0ot 06l
001 001 001 06 0's¢
001 001 S'LE
12ddpy | tamo || eddn | zemoq || 10ddn | semo7 | 1ddny | zemoq || seddpy | emoT ji1eed
SVIANWW Gy i SYINN U 6°6 SVIAN U ¢°7] SVINN Wt 61 (SYAN Ul 67 uwwww

“(awnjop Aq Buissed 1032194) SpuEq uoneIYHIAS UONEPELS) Heqdsy XLE duolg T ATAV.L

"SomIXIWL VIALS 10§ 21qeidasoe jou £[qeqoid st ajeS0138e Juyy ‘osed
s stsup §] uonoedwos K1ojeroqe] SuLmp a1e8a185e oy Jo umopxesiq
9A18890%3 £q pasned A9y st 1 ‘suonepeid [eLn 3yl Jo Aue 10§ 1ou

10U aIe SJUsWANMbal VIAA J1 "PIPUL[q 318 pasn s91eda138e oy moy Iopnewr

ou sjuswanmbal YN A 199W 0] JMOLIIP 2q Aew )1 sojeSaisfe swos i T1°1°L

‘podai sy Ut 193e]

PUNOJ 5 UEO SUIN{0A UO Paseq suoyepeld pusq o} moy Sulensnyj wajqoid sjdwexs uy - 7 ALON

"9A9IS W §/,0°0 3

Bussed jusorad {1 A[arewnxordde oAy pINOYS SIUXTU S ‘SaMIXIU VNS SVIAIN

wu G/ 'y a1 3o uondaoxa o Yim uonepesd [eLn yoes 10§ 1usoiad o1 Apsieunixodde

2ABY PINOYS 2318 (007 "ON) W /00 a3 Suissed jusorad sy -pus|q yoes

w 2yeSor3Se asIe0o pue ouy Jo junoure sy Suysnfpe 4q pauteiqo dIe suonepess [eln

2SO, ‘o[ppIW oy} W Sul[je} uonepeis 3uo [im Suole pueq UOLEPEIS AU JO S

3y pue 951200 Sy} SUOYE [[2J SPUS[q [ELD 931 3y 18y} PaIsaFans sTI] "pajenjead

A{[euIur 5q suonepeIs [BLn 91U ISe9] I8 JBY) POPUSUIUOISI ST 11 IIXTU VINS

ue uSisap o1 "(z ZLON) sso001d uSisap aImyxuI ay) 10J SSEL UO Paseq suonepesd o}

PILIGAUOD USY} PUB SIUM[OA UO PISEq PIPUS]Q 2Je suonepeid oy, 'saasls aanoadsal

a1 Suissed sowm[oa Jussiad Uo paseq 91e SUOKEpeRIS 9SIYL ‘| S[qe], Ul umoys
s3ue1 uoyeoyIoads 15)SEL ) UMM 3G 0] PAJO3]IS 3q ISNU SUOHEPRIT [BLn YL, 1L
SUOIEPELL) [ELI], JO HOII[IS

-ugisap J0J 0L 3G pInoys Jo0joeduios £101e1£3 saediadng
oy} Jo suoneIA3 Jo ISqUINU SU} ‘UOI[TW | ey} SS3] 218 STYSH udisap ayp 10 juao1ad
0€ UEL} 13}8215 9N[BA SSO| UOISEIQY SI[a3Uy s0T & Sutaey sajedaidde usym - T 10N

(1 4LON) "(Pd1) 1030edwoy) K1ore1hn) saediadng aypy
30 suoneI&s g0 10 (SHL) Jouurey [[eYSIEJA [EOIUBYOIW ‘35Bq QUEIS 908]-1B[] € JO
soej 1od smo1q g Ioyy1s Suisn pajoeduiod usyy pue 7dd OLHSVV YilM S0uepI0dde
ut pade uLS}-HIoYS Are VNS Jo safduues £101810GeT €' UONISS YILM 30UEpIoddE
ut pouruLIaiep st axmeraduray uoyoedwos sy - susuroadg jo uonoedwo) $'9
-pareod Aysnoroy) jyum Ajpides
1apuiq yjeydse pue sjeSa188e A XA "€'9 UOHOIS UL Paysqels amyeradwa)
SurxTuz oY) JO SHWI 34} UYLz 3q {[eys Japuiq jjeydse pue S1e82138e oy
J0 amyeiaduwa; ayy Juiod sty 1y Furppuey juenbasqns pue Surxmu JuLmp
XIUI 9} JO SSO] JusA51d 0] PasIoraxs 9q ISnul are) “pud[q eda135e ayy ut
PoULIO] J9JEID U3 OJUI JDpuq Jeydse Jo junowre paimnbal pajesyaid ayi ySom
pue sAUIppe SuIzljIqels pue 9)e32138e papus[q AIp 9y) UL I9jeI0 B ULIO b9
-1pwikjod a3 Jo
103130 SUIUAIILS oYY Jo/PUe ‘IaqY “IafjL} Y3 Aq PIPPE BIIE S0BLINS PISLAIOUL
a1 03 anp panbal aq Aew sawy Surxuu 1eduol ApySyS "ssecoxd Surxiw



01

“Jowr 9re sjuswsInbal
12U} OS PALIPOU 3 JSNU JINIXTUL Y} “}5UI JOU SIE BLIIILID IS} J "PASN poylaw
uonordwos sy uo Sutpuadsp ¢ 9[qe] Jo 7 2qe] Ul UMOYS BLISILD o) Suysew
san1ado1d oAy PINOYS Pal0a]as SIMXIME YIAS Y, '[2A9] PIOA PaNIsap sy sptaoid o3
P3103138 St Juauod Jeydse umuydo sy pue pauUTNLAap urede ate somuadord amyxim
SYJ, "Sjudju0d 19pulq Jeydse 331y} JO Yoes 8 (AIISUSP WIMUIIXEW [2019105Y) oY)
SUIULIAIOP 0} pasn) odures pajoedwooun suo pue pajoedwios 321y} 10y sapraoid siyy
"aajomy ureSe s1 ampagoxd oy 3o uondod siyp 10] papasu sejdwies Jo BQWNUSYL  TI]
qussiad /1 sea]
18 3 1SN YALA YL, 3us019d ¢ 03 13500 IN[RA B ST PINOD SAIBUI[D IS[00D I[Hm
S2JBUNO “§'() IoULIEM UL BLISILIO ESISSP Sif) SB SPIoA Jre Jusoiad 4 Ajsyewrxoidde asn
03 3SIM STJ] “2IMIXIUI SY} WI SPIoA 11k Juaotad (-0 ¢ sonpoid 03 ussoypd st Juaguod
JIapuiq jeydse wnwydo sy, Jusiuoo 15puiq Jeydse ouy Suiliea pue uonepes
pa309es a1 Suisn paredaid axe sojdures [eUonIppe ‘ases ST} U “SIMIXIUIL 31}
ur sproA 11e o Junowre tadoxd oy urelqo o} Jusjuos 1spuiq Jjeydse sy} 10mOf 0 Istel
0} A1eS53031 9 A2l J1 “UaSOYD Uaq Sey JIXTW 21 Jo uonepeid umumdo ayy 30U 11
jugue)) Ppmyg Jegdsy mnmndQ jo wondapesg

‘uonjepe1d wnwydo Sy} Se 0] PILIDJAI S1 SUOHIPUOD dA0GE U} UO

Ppaseq pajoalss uoyepeid [ern oY), ‘uoyonpoid jueid SuLmp VLA Ul HUOHONPSI UWIOS

10] mof[e 0} (3ua01ad (g1 03 G/ 1 3589 1B A[[eotdAl) Juesiad /1 weys 10y3ry 1eyMowWos

VINA © 248 P[noys uoyepeld pajos[as 3y ‘s[qissod Ji 1ey) 3JON ‘uonepeld pansap

oy} se pa3o3as st (P¥dyHA) anbiuyos) peppol-£Ip oul £4q PIUTULISISP 1By} UBY) SSI]

XA © Sey pUE usmarnbal VA WNWIUTW 3y} SPasoxa 10 s}oow jeyy s1eSa18se
951209 J0 Ju301d 31S3MO] Y} YILM SUO ) ‘PIIEN|EAS SUONEpPRId [BLg 3313 P IO 201

uonoey a1e32133e 951800 a1 Jo AariS oyroads yng = ¥YOn
91e8a135% [2101 oy Jo Aytaeid oyy1oads Nng = ©n

2mMIXTI JO AJISUSP WMUIIXEW [BONAI0N) = ")

amyxrut pajordiods s jo Ay1aeaS orjroads g = o
SImyxIal {8101 Y1 W 918321888 251800 W01ed = Yo q
amyxiw ut a1e8a183e yo Jusolad = °g

A Vv o 2 XIA

‘a1ym

Amv qut -1

&)

x 001 = "4

&)

¢4} d |- 00l = VA4

:suoyenbs Sumorjof ayy Sursn paje[nofes aq ueo(XMyyA ) srgxiw

pa1oedwios 3y Jo WA Pue “VINA ‘CA) SPIoA It yusosad oy ‘A3ISuop Wniuixeus
Jeoua100y} pue Li1aeis ogroads inq oy SUIS() "60TL Y I0UBPIOOSE UL AJISUSP
WNWIXEUW [BORAIOS] i} SUTLISISP 03 pasn are sajdiues pajoedurooun oy, ‘991
Ul 90UBPIOOOE U AJiarI3 0Y10ads N[nq JOU) SUIULISISP O} PAJsa) Pue SPIOW Ay} WIOL
PaA0WRL dIe A3} ‘[002 0} pasmofje pue pasoeduios ussq saey safdiwes (10 oy} 1YY

ot

HONRPE.LS) PALISI(] JO UOUIINIS

1T
(/3 866) 10rem JO JBPM UM = "A
(61.1) (;w/3) uourpuos pappox
-AIp a1y wt uonoey a1edaidfe ssreos oy Jo JySrom um . = A
(58.1) 21080133% as1e00 2y} Jo Aaes ogoads Ying = Yoo
‘aIoym

A 2uq

40) 001 % s = ¥4
:uogenbs Fuwmol[o} sy Sursn pajenofed
3q ued My A oY) ‘PIUIULIBISP UG SeT] HONORL SUOIS I} JO AJISUSP PappoI-AIp
SUi Uy “61.) 03 Surp1oooe anbiuwoa) pappol-A1p o) yiim suos sy Junoedwiod
Aq pautuwiagep st (¥%yHA) uonseyy Ajuo 2282138 951800 943 JO VOA YL
"159] pappor L1p
a1 ul 31321888 951800 AU JO VDA Y} Uy} $S3] ST 2xmyxIu pa3oedwios ay3 Jo (VOA)
21e82138€ 251200 UI SPIOA 3} YD1 1€ Juiod S SB PAUIOP SI SMIXIUL VIS B Uim
10BJUOD 3U0]S-U0-JUOIS JO UOLIPUOD ST, "3AaIS (9] "ON)) Wil §]'| 3¢} UO paureal
pua(q 9132138 oy Jo uontod Jey SI SU0S AY) VMYXIW VNS SYIAN WL G/ '
Y3 10, "2431s (8 "OND) 9¢°T Ay} UO paurelal pusjq sjedaidSe jo uoruod Jey) St JUOIS
S ‘aIXI VNS 921 91250135 WNUITXeW [EUTLIOU W §'6 9Y} 10§ "SSIMXIW VNS
SVIAN WU ¢7 PUe ‘Wt 6] WIW §'Z] 913 0] 3431S ( "ON) W G/ 4 Y} UO PauTe)al
pus[q 91e32133% [210} 51 Jo uontod 1By} SI UOTOBI SUOIS 9], JOBIUOD SUOIS-UO-SUO)S
Y4 U0ja[ads 918821338 9SIB0O B 9ABY ISNUI SMIXIW VNS 2Uj ‘doueumioyiad 153q 10

76

T'e

uonel] (3E0)g) eda133y 95120D) A Ul YA JO UODEUILIIA(L

01

‘6



4}

‘[euoudo st Surisa) Jepoul ‘a[qe[ieat st soudLadxs arow [yun

‘13A3mO}] “Ieniow 33 Jo sanuadoid A3roads 191399 0} OIS € 19JJ0 51593 IBUOIN  S°C1
“JouI aIe sjuswaImbal ye
0S PALJIPOWL 5q JSTILL ANUXIUL ) PIUIRIGO 3q Jouured satuadord reyow sjqeidasoe

J1 "6 3|qBL UI UMOYS BLISILID SY} 399 P[NOYS SuKsS3) TeUOWL YINS JO SHRSAI AL, $'71
1A Yila S0UBPIOODE Ul ([ 1) 3012W0ay ureag

Surpuag sy Swisn ape1d DJ oy Jo dmyeiadurd) Mof oY) 18 paisal ST IeUow YINS YL €71
‘1IN YL 95UBPI0SOE UI(S4.T) 13Oy 1eayS SIueus

o1 Susn apesd ng a1 Jo samyeraduma Y3ny oy Je paisa) StIBLOW YINS YL T'CL
‘sIelIop VALY Jo Sunsa] pue uoyeredsiq Aiojeloqe’]

‘POTIAW 1533 JeIp OLHS VY U} fIlm 90UBPIOOOE Ul PApUSIq STIELOW VINS 4L 1°C1

(reuondQ) s1elIoIy VIALS JO uopeneAy

S 00'¢
9s S6T
LS 06'C
8¢ $8'C
6 08'C
09 SLT
19 0Le
9 §9°C
£9 09T
§9 S 4
99 0sT
L9 Syt
89 ov'e
94 ‘SSEJA] UO paseq K1ae1n) onoadg
Jusuo)) Jeydsy wnuwiuiy jng s1eda133y paulquio)

sagIABas) ayadg Ing SuikIeA [ sa)edau33Y
10§ spusmwmainbay 1wa1mo)) Jeydsy wnwimin ¢ FTEV.L

T

it

‘b S[QEY JO SiuswaInbal
Y} 199U P[NOYS SAIMIXIW YIAS 10J JUSU0D 15pUIq Heydse wnururus sy,
-sagueyd 91282138e 2t Jo A31aeid oyroads NG PIWqUIOs I S SIFUEYO

210J519y3 pue oumjoa 2je3o133e 3y Jo aFejusoiad e se Jeydse Jo sum[oa uo
Paseq ST JUSU0S 19purq J[eydse wnwir ST}, "pasmbai st juajuoo J[eydse

U € ‘A1[IqRInp JUSIORJnS Sey MY VNS o1 18 asua 0 €11

“Jusorad ("¢ UBYR SS3] 3q JOU P[NOYS Jng “Pasn 3q ued jusvsed

0'b UBLD SS3] SIUSIUOD PIOA IIE ‘SIJBUIL[O 19P[02 10 SAeMPROI SWM[OA JLFen MO] 104 - € HLON

Xewr 0£°0 9, “amgeiadwa ], uononpold @ wmopurel
U oL % 4SL
UGy A wey] S5 % “YOA
LS YA % “VINA
(€410N) 0V % ‘SPIOA IV
Juswannbay Kypadoxg

-suSisa payeduwio) DO 10y suoneaydadg 2IMIIA VINS € TTAVL

-20usLIadxa UO PIseq PIAIEM 3¢ UED JUSWAIMbaI STy} 310321973
‘N 0079 0124 San[ea AN[IGEIS [[PYSIEIl YL PAUBISIp U93q SATY SMIXIUL YIS [rgssa0ons

“XBW (€0 o, ‘omezoduro], uonONpo1] @) UMOPUIRLY
oL % “dSL
W 0079 N Amqens
MIYOA Uy $89T % *NYDA
wr £ % “VINA
(410N O'F 94 “SPIOA IV

Juswazinbay Apadoig

-sudisa(f pesordwo)) JPWWEN [[EYSILIA] 10§ SEonEIyadS aImXIIN VINS 7 A 19V.L



14!

‘$J[NSaI AJIATIISUSS WMOPUIRIP 943 9PNU[OUl [[eys 110da1 ay ]

‘sjinsa1 A1[iqudaosns smisiow ay apajout [jeys podor sy g

“JUSJU0) 1apulq Jjeydse wnundo

18 pUB Pus[q jeLy yoes 10y senaedoid srgoumyoa sy} apnjoul [[eys 1odax ay ]

Jusjuod 1apulq yeydse wnumdo pue uoyepels wnwido ay) apnjout [jeys Hodax ayy,
*(suonyeperd

{eLL Jo sj[nsa1) uoneznundo uopepeld oy JO S)NSaI apnjout [Teys j1odar ayy
*$O1SLIg)oRIRYD AJijenb [BLISjEW PUE ‘0ALIPPE

Swziiqess jo junowe pue 2dA) ‘opeid soueunoyrad pue 20.mos Iapulq jjeydse ‘asmos
91e30133¢ :JuIpn{oul pasn S[eLISJEL JY) U0 UONBULIOFUT apn[oul [{eys J1odal sy,

L91
991

S91
91

91

£1

“Taquunu 303fo1d pue swreu 30afod oy Jo woyoyRuUAP! apnpoul [Teys Hodsl sy

PARIppE

Swizijiqess 3uSIaRIp © Bunoa[as Aq 10 2ANIPpe SWZIIQEIS JO JUNOWE 3y} SUISEaIouT
4q patpoural 3q Ued AUANISUSS UMOPUTEIP THLs SWIGOL] - ANALISUSS UMOPUTRIY
"Aniquedwos sapuiq Jfeydse/a1esa138e 10194 urelqo 03 pafueys

3q ued 30.mos 1apuiq Jjeydse Jo/pue 30mos 2jedarsSe ay) ‘9ansagyour aaoid somseous
93U J] "Pasn 9q ued saAnippe digs-nue pinbif 1o swi| pajeIpAy ‘sjuswainbor
Aiqudsosns SImIsIour Sy 199 0} S[B) SMYXI 34 J] - K11qudaosng SmSION
‘a1edo183e

353209 J0 35%3U015d oY} Suiseasow £q paystiduioose Aeord4} s sy] "PaIIpoO aq
isnur uouepels armyxiw a3 uayy (P¥yHA) uonoey sjeSai3se as1e00 pappol-AIp oy
UL ey Uely 19431y S mIXIU Ay Ul Py A 3 J] - 31eSe138Y 95I80)) SY) UL SPIOA
VINA

3s2a10ut 0} paxinbaz 3q os[e Lewr 30mos 31e32135e oy JuiBuey) -areSa13se ssrE0d JO
a8ejusosad sy Suiseasour Aq paster 3q Aew YA YL - 91eSo138Yy [eIoULjy ul SPIOA
"VIALA 94} 9SEaI0UL 0 PIIFIPOW

9q 1SN UOLEPRIS SIMYXIWL JU) ‘PeASU] "UOWESII192ds Jusjuos Jjeydse wnumuiut sy
$31B[OIA SPIOA Ite JO Junoure 12doid B 34310 0] SONjeA IS} M0[2q JUSUOD I9PUIq
Meydse ay3 BULIIMOT ' S[qe], UI payioads a0yl MO[9q SJUSIU0S Iopuiq jeydse Je
1SIX3 SJUAIUOD PIOA I[B MO] USY SO0 WS[qoId © “ISASMOH "JU2ju0d Iapuiq Jeydse
3y £q pajjonu0d 9q UEd SIMIXTUI Y] UL SPIOA JIE JO JUNOWE SY, - JUSIU0)) PIOA Iy

ot

yodoy 91

§'sl

142!

43!

el

sansadosg 199y o AIMIXIIA Sunsuipy S|

*€ 9[qe] 10 7 S[qe], Ul PaIedIpul (Wnwirxeut

1ue213d (¢°0) UonEdIYI0ads s[qesifdde ayy Jesw prnoys pue smyessdws) uononpoid juerd
pajedionue Sy} 18 PIUTULISISP St AJIARISUIS UMOPUTRI(] "SIIIXIJN snounumig pajoeduwiooury
ur SOUSLISORIRYY) UMOPUIRI(] JO UOHRUIULISNS(] ‘POYISHI 353} JeIp OLHSVV U

BuISn PIUIULISISP ST SIMYXIUL PAJII[3S S} JO AJAISUSS WAOPUIRI(] - AJIAIISTSS UMOPUTEI

‘€ 9[qe] 10 T 9[qe ul pajedtpul

(umuwrrui jussiad ¢ ) uoneoyisads sjqesridde oy3 Joow pmoys dmmuxIw oy, ‘jusored

19 JO 1U31U03 PIoa e AZeIaAE Ue 0} Pajorduwios a1e 1s3) Sy} 10§ suowoads oy gz Susn
PSUNLLIANSP SI SIMIXIW PIjoa1ss Yy Jo Afiqudaosns aamsioy] - ANfiqndassng 3.1nIsIo[y

“¥ews 0051 (ed) ssowyyus 9dd Pa8V AVd

] (2D QUIS/+D “YSA P28V O41d

upu ¢ () Quis/«D “gsq paSeun)
jusuaImbay 183

saptadoad 12310 VINS S ATV



91

Suipeln) pue ‘amyxa] doeymg
‘sadeyg o[oTieq Aq PRoUsn[FU] s 91282138y UL JO JUSUO) PIOA pazoediuooun)
(ISQ) 1010woay 18y JMWeuA(
® Suis() Jopurg jpydsy Jo senuadoid [eo1801031y Ay SUTUIULNA( 10§ POYISIA 1521
10)0edwo)) 1018140 JYHS U
Jo sueajy £q susuoadg J[eydsy XIA-I0H o Asua( am Suuruuaje( pue Suuredaiy
(4gq) 1eewoayy weag Suipuag S|
Suis() Jopung eydsy Jo ssougyug dasi) Temxald oy SUIUIILISIA( 10§ PO 1531
ugisa( XTI OLDOWN{OA TAVIIAINS 10§ uoneoyroadg
Ispuiq 1[eydsy pspeID) 20UBULIOLId] 10} uoyesyroads
aSeule(] POUPUT AIMISTOPA O} SAMXTIA] SHOUTUIN3IE Pa1oedwo)) JO IUBISIST
smyezeddy [[BYsIeN Buis() S[BLISR Snourumig JO MO[ O1SE[d 03 3JUBISISTY
ayeyng wnissuSey 10 S1BJ[NS WNIPOS JO 95() £q 93232133V O ssaupunog
s[108 Jo Aae1D oytoadg
suryoR
sa728uy 507 3y Jo as() £q a1eSa188Yy 9sIe0)) SZIS [[BUIS JO UOISEIQY 03 SOUEISISIY
$[10S JO X3pu] A}ouse]d Pue NI ouse[d A SururuLa(
s[10§ yo ] pbry oy Sururusig
2150188y asIe0)) Jo uondiosqy pue AaeID oij1oadg
5180188V suryg Jo uondiosqy pue AJraein oytoadg
591880188 95I80)) PUE JUL] JO SISATEUY 3A2IS

SdL

vdlL

1dL
dN
1dN
£8CL
SYTL
POLL
001L

961
06L
68L
S8L
8L
LTl

:splepuel§ OLHSVV 17
SIISWNIO( PIIUIIIY

-asn 07 4014d suonpinuy LopmSa fo Aj1qporyddp 2y} FunULLIBP PUD saouov4d yipay puv
f1afs a3v14doaddp ys1quisa 01 p4DpUDIS S1Y1 JO 4551 3Y} Jo Anpiqisuodsad 2y s3] “asn Sj1
yi1m Paip1o0ssp ‘Aup fi ‘Suiaduos A1afs ay1 fo |10 SS24ppv 01 140dund jou saop pADpuvIS S|
-AJuo uotyEULIOUI 10 d1e sasayiused

w1 syum ysySug Sy ‘piepuels sy: se papiedal aq 0} aIe SIHM IS Ul PIjE)s SAN[EA YT
“suBISop IMXIW YIS I0f S2ANIPPE SUIZI[IqE]S pue “Io[[Y [esourul

“a1e80139e ‘1opuiq jjeydse 1oy sjusweninba1 Lyjenb wnuuTw sa1j19ads piepuess Sy
*10B3U0D SUOIS-UO-3U0IS JO 3oussald oy pue 91e32135e JIoUI Wl SPIOA 31} ‘SPloa Jie

JO SWIa) Wl YIS 9y Jo sanadold a1naumloa Sy} Uo paseq st uB1sop VIAIS YL “louwruey
[[eYSIe]N PaoE]-1B]] ‘95Bq O1E]S ‘[BOIUBYOSUL B 10 (DDS) 100edwo)) A103e1Ln) aaediadng

sy Joyia Suisn (VINS) Heydsy XLueJA SUOLS JO USISIP 91} S19A00 uoneoiyroads sy, 171
adodg

jeu1og OLHSVY
(VIAS) Heqdsy XLIE] duols
SuruSisa(q 10§ wopeoywads piepuels

¥l

€1

(A

S1

reuLog OLHSVY
(VIAS) 3eudsy Xinep auolg
SuuBisa( 10§ uonedyRAS piepuels



81

‘7 3lqe], ur siuswaainbal Atjenb oy 0y
ULIOJUOD Pue PaysmId Jus01ad parpuny-suo 2q [[eys saedaidge ourg - s3e80188y ourg 7'1°9

‘uonoeduios aoe[d-ut JuLmp 1o ssas01d uorordwios A101RI0qE] 34} UL IN020 AW
UMOPYBAIq IAISSAOXI ‘0 Ajorewrxoldde spasoxs UOISLIQY "] 9Y) UoUM ‘ISASMOY] ‘SOXIW VNS
2onpoid 0} pasn A[[ryssaoons usaq aaey (S 01 dn sanfea SO} UOISEIGY "V Y)m sajee188y -,

- 06 sovJ oM
- 001 308, U
[T8SA WISV % ‘JURIUOY) payst)
0¢ - s1BJ[ng wmisaudey
Sl - J3eJINS UMIpoS
01 L OLHSVV % “(S3[04)) §) sssupumog
[4 - S8 L OLHSVV 9 ‘uondiosqy
S - P'8 UOLOIg [og
0t - 16,y A INISY 101¢
% ‘paieduolyg pue Je[]
v - 96 1. OLHSVV SSO %, ‘UOISRIQY SI[adUy SO
wnurxey -oadg wnwiutpy -9adg POUIOIN 1S9

symawmdmbay Amend) a1edaadsy asieo) [ AIGVL

L1

*1 9]9e], JO sjuswdnbal Ayirenb sy 03 uLioyuoo
puE paystuo Jusdiad paIpuny-auo aq Jfeys sa1edai3se aseo)) - 21082488y asuvoy 1°1°9
“0[3q Pa1sY| Siuswannbai ay; 01 wLOJUOS [[BYS VIS UIyia pasn sojedo138y

19

syuaurdImbayy 23882188y

"TdIN W papraoid
st 1opurq jeydse sjerrdoidde ayy o uoysafas oy Joy sduepng psfoid Sulaed oy Jo s

Y3 Je suorpuod Sulpeo] oyjen pue 3jeuIl]d 3y Joj sjerdoidde st YoM [ JIA JO SIUSILIN

bax

oy} Suneswt ape1s soueuniorrad v aq [[eys Ispurq Jeydse sy - sjusmaambay Jopmig yeqdsy

VIS

10§

sonpadosd SIMXIW PUE [2LISIEMI S)EN{EAS 0} PIsn 9q A2WI PIEPUTIS SIY, - 3S() PUE 3dUEIJIABIS

Iaqy Jo/pue 1awikjod - 2AUIPPY SUIZIIqEIS

SANIpPE SUWIZIIqEIS PUE “I3[[1J ‘ISpUIq Jeydse JO SInXIu - TeO VINS

uoo1ad o ueyy

SIOUI SUIE]31 JBY] IASTS ISII Y} UBY} 1o51e] JZIS U0 - 521§ 91eF2188y WNUWIIXeA] [BUILUON
"(pasn 31) 1oqyy pue ‘Ispuiq j[eydse ‘sploa Iie ‘ajeSa183e suly “I9Y[1] SOPN[OUT SWM{OA ST
'sajonred de8a133e 951800 SY} USEMIIQ UL SWN[OA 3] - (YDA 2180188V 9s180)) UL SPIOA.
it

S usuoads Y3 JO SWIN{OA (2303 ) JO Jusoiad e se passaidxa Gusiuod jjeydse sAnoaYIe
SU} pue SPIOA ITe U} sapnoul jey} axmyxiw Sutaed pajoedwos e Jo sapoured ojedoidse

33 US3IMI9q 90rdS PIOA IR[NURISISIUL JO SWRI0A 31 - (VINA) 21880158¢ [eIouitu ul SPIOA
*(T-SIN) amyxtw pajoedwiod syi Jo

auwmfoa }[nq 3y} 3o Jusdiad se passaidxs ‘amixtur Suised pajsedwos & noydnoy) saponred
s1e3a138e pa1e0d 9y3 usaMIaq I1E JO S19)00d J[BwWS Ay} JO SWN[OA [€10] o) - (CA) SPIOA 1Y
(VINA) 23e82138e [BIoUnU SY) UL SPIOA IT) HOSEI ST} 10, 'PIs 3q JUSIU0D

Jopuiq jjeydse ySiy A[pane[al e 1ey) saxnbai soueuniopad YIS poos sny) pue AoUsiSIsuod
ITepow £1030e3siieS papraoid aq 1S A5UISISUOD PAIISIP U3 JO JEHOUI JUSIOLNS

'$3Z1S IaY10 S8 PIYBUSISIP 9q ABUI ING 9IS ({ "ON) WU G/ 4 3y} UO paure)al ajeSoiise

a1 JO uonoey 1By} 3q 0} PAIAPISUOD A[[eIdusS St s1e8oIS8e 951800 AU, "(10BIUOD SUOIS-UO
-2U01s st 01 Pausjal Aj[e1ousd) 10e1u0s 1e8a183e 25109-U0-21e301358 951800 YiIM UOIO[AS
9182185 UB SABY JSNUW SIMIXIW Y, "IELIOW Yol Iapuq jjeydse € pue uoje[ays aedaidse
351200 E ‘spred omy Jo Sunsisuos ieydse X1 1oy & st YIS - 3[eydse XLOeW Juols - VNS

L'e
9'¢

S'e

e

£t

[

e

ASojourmiia],

(SauL] asnoydeq jo as() sy uo saun2pmy),,  [01SI
UONEBIOOSSY JuswaAed J[eydsy [euoneN
sadA 1, XUYA-I0H 910 PUB 23310u0)) 1eydsy 10f spoyisIA uS1sag XU Z-SI
. smuusyy yeydsy
91282188y 35180)) UL SI[OLIRJ PIjESUOLY 10 JB[ 10 1S3L 16.4(
UonE[nsuJ [eulIay ] pleod pue joo[q J3q1] [BISUL 10] uonesywads 719D
‘SpIepuels WISV

44

£T

a4



114

TDAO O} WIOT} [BAOTIAX TN A[SIRIPSURIT PIYSiam-o1 U ST opdures sy} ‘smoq

Om] 10§ TOAO TIe P30} (1,05Z) O, 1ZT & Wl paceld pue paySiom st 13qy jo sures o], 'JUAINOD) SISO ,
*qI0sqE 0 J[qE dIe 1LY

o (1g510m MO S} SSWT) JO IPGUINT) JUROUTE ST St Papodal ame snsay ‘poyStam pue ISUTEJUOD Pale] &

03 Urono} INOMLM PILIAJSTER UL} SI SSTU TANeYs YL, *(aynamu 1d saeys Qg e nonow (Ul /] 1) WW-Z¢
Ajorewrxoxdde) soynumu (] 103 ISYEYS UOROR ISLLM © UO UIMEYS pue (az5s Suruado umu §°g A[ayennxordde)
15UTEDS SO U9a105 € U1 paoeyd ULy STI] "UOREINES [210) SIMSUI 0} SANUTL & TWET) SS3] 00 10 siunds
[eIoun Jo ssaoxa Ue wt papusdsns pue payBom A[aremose st 19qy jo sweId oAt 352, mondiosqy 110 ¢
“1aJJnq (£ Yd U4 pajeIqres 2qoid e Tiim PIUMULIAP St

Yqd SY "SSINUIW Q¢ 10§ IS 9] PUE PALIS “I3jem P[[USIP JO [ 00T O} PPPE st 15qy JO sweid 9A1d 391 Ud »
‘payStom pue 103e201Sop

€11 PO[000 3T SE PUE [qIOTId Y, “SINOY 0m3 TEY) SS9 01 10§ (1,001 PUE 001 1) D059 PUE $65
Ta0m1aq PAIEST PUE S[QIOTUO pare; e Ut paderd st 1aqy Jo a[dures urerd ¢-7 sAReInesa1dal v 'JEaiuo) §sv ¢
“OLLIGA 3q 0 SPasU Pue 102dsns ST PO ST JO Aiquiesdsy “pare[nored Bmssed afeiuadred oyy pue
poYSiom ST 2315 YOS UO PIUILId] JUNOWE ST, “UA3IJS YILd U0 SAYSTUq uojAu om} pue I53eqs & uisn ‘paaals
st 1aqyy Jo opdures wrexs (1 2AnEINSS21dal ¥ “ISNEYS B PUE ‘SOSTIQ UOJAN ‘S3A31S WHK-9Q] 0 PUT ‘0510
08170 ‘0ST°0 ‘SZTH 0 ‘058°0 Prepus Smsn psuriofiad st 353} STHY, “SISATEUY UI2IOG YSSIN - € POWOIN ¢
-poySTom ST U210$ 91} UO SUImIEWIol uoutod 2], “Isjem JO

(1sd {1) B S JO WNNOBA PI[JORUOD B 1€ SINUILL ] 0] PIASLS S I1aqly JO sidures urei8 oAl 2anRIRasaIdal
v (S7T00z 2dA1) eaa1g Jof Ty omd]y e Sursn paumioyrad st 1sa) STLL ‘SISATEWY 2A31g amd[Y - ¥ PO |

(ssewr £q) 9, ey s SUAUOY) SIYSIOW
(ssew 10qy sewm) 0" IF0°S quondiosqy 10
01FSL yHd
wo~ﬁm—o>nﬁ0ﬂ %ST+31 %QOHGOU qsvy
%0TF0E 2431s (Qp[ "ON) WU - 901°0
%01F59 aA3ts (O "ON) TN - STH°0
%01FS8 aaa1s (0 "ON) Wl - 05§°0 Swssed
wmuIxely (W §Z°0) wul-9 m3ua] 13q1g

m«w%—mg nﬂUOuuw YsoN - q @0502
%01F0L (aa31s 001 "ON) w-g1°0 Juissed

wnuixey (W §7°0) WI-9 ydua 12q1]

sisfjeuy (24918 amdy - v OO

SISA[RUY 9AIS

ywawannboy Kuadoig

sjuawambay ANend J12qu asen(Re) € AIAVL

61

-1opunq Jjeydse jo aprid D painbai sy 195w 03 ATESSI05U JUNOWE 1813 3¢ [[IM PIPPe Jowkrod
70 junowe sy ‘¢ S[qEL Ul PIUIRNo sa115doid Sy} 03 WLOJUO {[BYS SIIMXTW YIA[S UL Pasn S13q1Y
[RISUIIA "UMOPUIEIP Ju2421d 0] JUSIOLJNS PUB SSBW SMIXIUI [€10} AQ uaoiad () Ajorewirxoidde
3q [[eys S1e1 o8esop 5y J9qY [eISUIM 101 ¢ Qe Wl pawpno sspiadord a1y 03 uLI0jUOD
1{2YS SSITUXIW VIAIS U PIsn 950[N[[8)) "WMOPUILIP JUdA3Id 0] JUSIOLINS PUE SSEU dIMXTUL
12101 £q us01ad ¢°0 Aoreunrxordde aq [Teys asO[N[[90 103 93eI 2ZesO(] "MUXIWL 3Yj 0} p3ppe

aq [reys Jowk{od 10 ‘IaqU [BISUILI ‘IS]Y SSO[N[[2 SB YIns 19Z1[IqES Y - JAUIPPY Smzinqeys ‘g

“IBJIOW VIAS SU3 USRI A[9AISS90X? Jus01ad (g SUIpasoxs

SIB[[1 18Ty UMOYs sey sousuadxy “VIALS Ul pasn oq jou jusdiad (g uey) 1oy (101SI) sproa

uapSry POIJIPOT YILA SIS[Y [BISUIUI JEY] PSPUSWILIOdDI ST “p Wet) 1078213 J0u xoput Kyroyserd

® oary pue sonundun S1UeS10 WO 221 3q PINOYS ISfi] "SUOBEISWO[3SE W0y a9y A[[enuasss

pUE A[oa1] MO[J 03 AIp AJUSIDINS 3 PINOYS I ‘35T JO WL Y3 Iy "yse A3 1o ‘aury] ‘souyy
ISUSTUO SE (ONS ISl [BISUTHI PIPIAID A[3Ulf JO ISISUOD f[eys IS[[Y [BISULIA - JOYLY [ePUWN  “L

ousejd-uou 061 OLHSVV % ‘xopuy Arouselq
sT - 631 OLHSVV 9% ‘] pinbry
- 94 .m mwhwmwwwﬁ SpIoA pajoediosun)
0C - aeJng wnissugep
St - JJEJNg WNIpOg
01 L OLHSVV 9% ‘(S3[04D) §) ssaupunog
wnurupy 09dg umuwixepy "0odg POUISIN 1S9L

syuomaambay Aypend) aydaiddy suly 7 ATAVL



UEQ) 10U SULEISI JBY} SASLS ISIY 1 Ut I3512] SZIS JAILS SUO -321§ 95eo138 Y WnuI¥e] [eUrION - SYIAN ¢
“Woda ST W Ioje] pUNO} 9q WeD JWM[OA UO Pastq suonepeId pus[q 0) moy Sunensupyr wapqoxd sjdurexs wy -

(44

‘Juaorad o1

|14

(1 410N) "DDS 3us Jo suone1kd
001 WA PIUSISIP SAMXIW VNS Jo saiuadord panmbai sjuosasd § s[qe], s[ym (Syz1)
JIourwey [[eyYSIEIA] [EOTUBYOSUL ‘9Seq O1B)S ‘PAdE]-IB]J B JO SmMO[q-(§ Suisn pauSisap
samyxtw VNS Jo sontadoid panmbar syuasaad / sjqe], "pasn poygour uonoedwods ay)
uo Surpuadsp g 10 £ sa[qe], Jo saniadord sy 19U [[eys AMYXIW YINS PAUSISp oYL, o1
"S3ARIS 2A10adsax 5y Surssed sumjoa £q jussiad uo paseq ore suonepeId 9soY L
'9 3]qE], JO sjuswalnbal uonepeId oy} 0 WLI0JuOo [[eys sa3eSa18Se paurquos Sy 101
syuomammbay udisaq vINS ‘0T

“XE BN 00§ 1 S 1dL wresq Surpuog
Teuo pa3y AVd

s egy 011 QUIS/D SdL Teays SR
TelIo Pa3y O4LY

“un egy 'S QUIS/xD Sdi Teayg omueud(q
TeLIOA [eW3LIO

uonesydadg Auadoiy POWISIA 1S3 1591

sjmawraxnbay Aypend Jerio VINS S ATAVL

'S 9[qe ] Ul uwmoys sjuswalmbal Lienb oY) 03 ULIOJUOD [[BYS
(sseut uo paseq) saSesusorad uBisap Je ‘SIELOW VAL JO Sunsa], pue uoneredsig £ioje10QEY
1oy poyatu Sutsn paredaid srepow VNS - (SJusumanbay fewondQ) sensadoay IBLIOIN VINS 6

'T19 D NLSYV 995 UOHEULIOZUT [eUOIPPE 10 "PazIun A[jeowd£) oIe £90°0 PUR (570 ‘S3AALS

OM] "S3ASIS SUNBIQIA TO PIUTILIISP ST JUSIUOD JOYS O], ‘[ELISIEUE STIOIGY-TOU JO SINSEAUL T ST JUAIUOD 107S ¢
"adoosoromu sexuos aseqd € Ul s19qY (0 1589] 3 SULMSES Aq PSUIILIISP ST 13)AUIeIp 13qY 94 L z
"uOREUONORY BINOW 1eneq ) 0} SUIPI099e PIUILIANGP ST PIUL[ 10y Y] ,

Sl [4¢ ot 8 o1 8 01 8 01 8 SLOO
[44 St S1 [4! sl [4s S1 4! Sl 4} £0
8T 31 81 4! 81 4t 81 A 81 Al 90
9¢ [44 1z €1 1z €1 14 €1 114 €1 8Tl
$9 8¢ 8¢ 0Z T 91 T 91 124 91 9¢'T
001 06 09 9z 8T 0T [:14 0T 8¢ 0T SL'Y
001 001 001 06 8L 9T 09 [Y4 4y 4 6
001 001 001 06 bL 0S €9 9T ¢l
001 001 001 06 98 0g 06l
001 001 001 06 0'sT
001 001 S'Le
1addn 1Bmo] || 12ddpny Jamo i 10ddp) | 1m0y | 18ddn | 1amoq |[ 19ddn 1aM0] ww
SYWNwWw gLy || SVIANTH G || SYANWW STl || SvINNTmuer || SviNmmgy || %S
-, (Guinjo £q g

aIssed Ju3dlag) spueq uoneayads uonepeas) Jeqdsy XLOEN 9U0lS 9 TIGVL

"SUOTIBIAS ()2 YiLa pauBisop samyxiw VNS 03 Ajdde os[e g 9[qe], woy saniadoid pamnbay
"uBIsap 10§ O£ 3q PINOYS DOS Y JO SUCHEIAT JO IOQUMU St} “UOT[IUI | Uelyy $§9] 218 STy SH usisop
3 10 Juad1ad (¢ UeY) 193213 SnfeA SSO] UOISEIqY Sa[eSuy SO ¢ Suiaey sayeSorsde usym - 1 FION

%01F0L 24218 (0T "ON) W-Go-( Smsseqd
%S$F06 34318 (09 "ON) w-0g7 0 Smsseg
Auauo) j07YSs
3njeA 3593 USW WIMUNKEIA {HI Z000"0) W-$00°0 (SOOI L,
ST[BA 153} BT WINWIIXEIA (UI§7 () UIuI-g pSuay 1aq14
sisA[eny az1g

nsuwsnnbay Aadoig

syususambay Ayeng) Jaquy [eIOUNN p ATAVL



4

“uaorad ¢ PIIOXS Jou [feys pue sryerdwsl uononpoid juerd

patedionue Sy e POUTULISNSP 3q [[BYS AHAUISUSS UMOPUIRI(] "SIITUXI SnOUlILg
paroeduoot() Ut SOUSLIORIRY)) UMOPUIRL(] JO UOHBUILLIAA( ‘oU3 [HLm 35UEpI0ode

' ur 2INJXTW YINS PAUSISOP 1f) UO PIUTULINIOP 2q [[ByS ANABISUSS UMOPUIRI(
“JyS1oY Ul UM G PUE I9OUILID UL U (G 2q f[eys uourtoads sy “DO§ ) st pazifun
110130 uonoedwos 3YI UM, “ESTL YHM SOUEBPIOIIE UL P33S3) PUE SPIoA Ire jusozed
159 18 1um01ad (7 35891 18 3q [[BYS VIAIS U3 JO [949] YSuans 3[Isus) pauleial oy,

29 00'¢
23 $6'C
Ls 06'C
Y $8'T
6¢ 08T
09 SL'T
19 oLe
9 9T
£9 09T
s9 34
99 0s'T
L9 344
89 ov'e

o A1ae1n

% IB0D Jeqds Y umuImy syoadg yng 1e82183y paurquio)

sapiAELD) dy1adg g Swikies ym
59)e33488V 10] symawmambay] Jusuo)) Jjeydsy wnuIWA 6 ATIVL

X4

*6 91qe L Jo sjuswaxnbal
3} J90UI [[BYS SOIYXTI YINS PAuSisap 10§ JUSU0D Iopulq J[eydse wmurum 341, €01

“Jusosad (" UBYY SS3] 3q 30U P[NOYS N “Pasn 39 ued
uastad 'y U SSI] SIUSIUOD PIOA I[E ‘SIIBWID 19P]OS 10 SABMPEOI SWMOA OYyen 0] 10 - T ZLON

S0l
“xew O€°0 9o, ‘oamyeladma ], wononpolq @) umopureIq
vol o oL % “¥SL
HAYOA wey 53] % *YOA
‘ana L] % ‘VINA
(zdIoN) 0% % ‘SPIOA IV
juswannbay fadoig

-sudisa@ (pd1) payoeduio) HOS Joj suonedyds LMY VINS 8 ATIVL

“(VIA'S) Heqdsy Xinepy ouolg Surasiso(] 10§ 3930v1] PIEPUS ‘O Ul PUYSp are MIYOA pue XNVOA ;
-3ousLadxs WO paseq paalem aq UEd juswannbal
ST 310321571 N 0079 M0[3q S3N[BA ANRQEIS [[EYSIB]A Pl PousIsap Uaaq IABY SIUMXIW VIS [NJSsa0ong

“XeWw g0 % ,u.—.am.—unab.u. uononpolq © unopurex
L % “4SL
;U 079 N Anpqes
UIVOA wey $S9T % ‘2™MVOA
LutYAl % VINA
(Z41ON) 0'v % ‘SPIOA IV
suswsnnbay Kuadorg
Sisaq (Sp7L) perredwo) H I[EYSIBIA] J0] Suoneanideds aamxiA VINS L ITEV.L



9t

JUSWSIMDAI WINIITULL SU0S

Pa99x3 jsnul (YIALA) 91885138e [e1surur Ut SProa Sy} ‘U0Ses1 SIY} 10, "PIsn 3q 03 1USIU0D
1spurq Jeydse ySmg Ajaane[al e jey) sonnbol soueuriopiad YNS poos sny; pue £5u3jsisuod
Izpow A10108JsieS "paplaoid oq 1S Aous)SISUOD PINISSP AU JO JELIOW JUSIOLING

*S9ZIS 1910 SB PA1eUSISIP 3q ABUI Ing 2A31S ({ "ON) UILI G/ 't ) UO paure)d: sjedaidde

9} JO UONRIJ JBY} 3q 03 PIISPISUND A[[eioudd st oje3a183e 951000 3] *(3OBIUOD SUO)S-UO
-3U03s Se 0] PILISJAI A[[e10UdT) 10BIU0O 9)e30155e 5I809-10-2)23215FR 251800 YIm UOII[SNS
9132138 Ue SAwY ISNIU SINJXTII 54 ], "TeMOW YoLI I1apurq Jfeydse ue pue uoie[ays s1edaidde

351209 © ‘spred omj Jo Sunsisuos jjeydse Xiw 104 € s1 VIAIS - (VIAS) Jeydsy XLuep suols '€

ASojounmiay,
POUISIA uonud]
4q (VIATHD Heydsy XiAl 10H Jo jusjuo) i[eqdsy oy SURIILISIS( J0f PR 1531 €54.L
Iojoedwio)) A103eID) THHS
3y} Jo suesy Aq susurroads jjeydsy XIAHIOH Jo Asus oy Sunmuusia(g pue Suuedoly  p4qlL
samyxipy Suaeg snourumyig uadQ pue ssus(y peoeduio)) W SPIOA Iy JU9d1ad 6971
swyereddy [[eysrepy Suls) S[EUSIEIAl SNOUUIE JO MO[] OUSE]] O} SOURISISTY STl
SO SUIARJ STOUIUINIIG JO ANARID) OYIoodg WNWIXE]N 6071
susroadg
A1(q-298jIg pajeImtes SUis() saIIXIY snowumyg pajoedio]) jo el oyroadg yng 9911
SOIMYXI] Suragq SNOUTUTIY WOL USWINGig JO UONORNXE 2ALBINUEND  H91L
$31e39188y as180)) pue SUL] JO SISA[BUY 2A91S /7L

‘SpIepuel§ OLHSVY 1'C
SIUIWNIO(Y PIIUAIIJIY

"asn 03 4o14d suonviuy KiogpinSad fo Ly1quoyddv ay1 supuidiap pup saonovd yiwsy
pup d1afps app14doaddn ysyquise o1 aonom.d syl fo 4asn Y1 fo Guiqisuodsal oy s3] “asn si
YI1A paIp100ssy “Auv fi ‘suiadu00 Ajafvs ayi fo jp ssa4ppv oy jaodand jou saop 2o1ov4d sTY[ £ 1
*A[uO UOYBRULIOJUL IO} I8
sssapuated ur spun ysiSug Sy, ‘prepuels sy se papIedox aq 0} 2Xe I UL PSjels sanjea YL 7'[
‘sao119e1d WO/O0 PUB UOONISU0D 2[qeidasoe yiim uoyaunluos

Ul pasn 3q PINOYS UIAIoY PISSNOSIP SUOYSIZBNS 9y, "SaImuXu YIS Jo uononpoad ay) yimm
JUDISYUIL SINSSI SISSIIPPE PIEpUB)S ST, "suOneoyIdads ay) s1aow A{[eryoe pjay ay ut paserd
Ppue p3oupoId SMIXIUL SY) 18y} SIuSUS 0 paplaoid ale sampasold souemsse Aijenb/jonuos
Arend) -omgxmu sy3 Jo uonoedwos o} axyxiw sy} Suroe(d 03 srmyxTul sy Sunodsuen

woly SuIyIA1943 A10AUL samp3o0sd uonoeduwios pue JusWase]J "uoneIqres jueld pue ‘satun
Surxrw ‘Sutpuey 91e8a138e ore sompasold yons 3o sajdwrexy “amIXIu oY) SImoeInURW

01 jueld ay) je pauutogiad sampasoid ssoy sassedwoous uogonpod Jueld (VO/ID)
souemsse Ayjjenb;jonuos Aipenb pue ‘sampasord uonoedwos pue juswaseid ‘uonsnpord

wued 'y Jo soseyd uonONNSUOd UIel 921 3y 10§ douepins sapraoid sonoeld sy ||
adoog

leunog QLHSVY
(VINS) deqdsy xinep| 2uos jo
TOLINIISUOD) 3} A0J IOEIJ paepuel§

1

14

jeuo QLHSVY
(VIAIS) 3eqdsy X1ep] 2u0)s jo
UOoNINIISUO)) Y} J0J 3d)IeAJ pAepuL)S



8T

3q 03 SIOQIJ 3Y) SMO[[E STY Y, “Pesy SUIXIUI & OJul pagioul pue aul] 19puiq
1jeydse sy opisaq winup ayy Ut paseld aq Aeu aul] 13qLy 9 “uerd X1w wnip
© U1 poyJouI Sy SWSN USYAY “WITLIP Y} 03I wmo[q A[dUrls 218 SISqY Sy pue
Pasn st SuIgorw Swies Sy Jue(d X1 WINIpP € W Pasn 3q Os{e ued poyjowt
Suimo[q I3q1] SWL ‘SWN[OA UMOWY B UL MO[q IO Sseu £q JaqY JO Junoure
1adoad oy wr Iojowr Ues saulyoew 9say, "oy erdoidde oy e 1addoy
ySram 1o [ruSnd oy 03U UMO[q PUR SUIYORLL A1y Aq PAISIOW UAYY S113qY
sy -AMSUSP UMOWY € O} [BLISIBUL S SUONIPUOD YoIyM Wa)sAs 1a3ne 3ty
SISIUS 1XaU 19qJ Payny Sy, ‘sajpped o81e] AQ pagyn(j SI 31 313yM SUNOEU
oy Jo 1addoy ayy ur paoefd st Iaq1y 9S00 “AIp SUJ, ISIMOBINUBLI 13qY
sy Aq patyddns pue psuSisap AJ[eord sumoeul e Sulst jueld atp o1y WAy}
Suwmorq Aq st jue(d yojeq e ojul SISQLY JO UOWIPPE I0J POYISWL IYIOUY
"2AISUSIUL 0] ST J1 ‘A[LI0JORJSHES SHI0M UOLONPONUT {ENUeL
JO POIIOW SIS AY 'I[39 J0A3AUOD € JO asn Y3 AQ uuopeld [rruidnd sy o}
PaIBAS]S 3q Ued 1aqy o sSeq ay, “[ruSnd 53 03 s3eq JO IqUINU JOILI0D At
PPE SI193I0M 9T} “9]0K0 X1 AIp AT9A W S} ajeudoidde oy 1y "wuojeid
[jrwSnd ayp uo s1axIom Aq QUOP ST $13q1 JO S3eq Sy} JO UOKIPPY "SulBWIal
15q1] 9y A[UO J[3ur s5eq S USYAY ~3[0AD XIwx AIp oed Suump [ruSnd
31} 0] Poppe 3q 310§21ay) Ued s3eq Ay "sammeraduo) Surxiu Je A{Ises spow
YOI [BLISIRW € WoX apeu A[[ensn d1e s3eq oy, sSeq ut ayis jueld oy
0] PAIGAI[SP SSWLAWOS SI¢ S19q1) 3500] ‘uononpoid jueld yojeq 104 'ss300ns
poos s sue(d XTUL WP J0 Yoleq 03Ul PIPPE U9aq daey sadd soqy yiog
ynq ur Jo sSzq onseld ur pafesoed sul0o S1ElS 3500] ‘AIp € UL SI9QL] *s3a[jod
pue S13qy 9500] ‘SULI0} Oax UI paseyoand 3q A[fe1ousd ueo s1aqL] "SSEW
2IMXTUI {2103 Aq 131 [BISUILL I0J %p"() PUE 3SO[M][3D 10J %E"() S1e SAel
sFesop [eo1d4 "pasn u3aq 9ARY S19qY [BISUIW PUE ISO[N[[30 Yog - S4aqL] [¥' 1Y
“1opuiq jjeydse palJIpow € pue 13q1y
2 30q pazi[un saey spafoid swog uononpoid Sulmp XU VIS 34 0} JSIpow
1opurq Jeydse ue Suippe Aq 10 AI0UIJaI 31} 18 19pUiq jjeydse oy Surdjipowt £q suop
2q Aew W], IoUIRW SWIOS UF Jpuiq yeydse oy AJrpou o3 st poyaw guizijiqels
PuO93s a1 SISQLy [BIOUI JO ISO[N[3I SE YOS SI3QY JO IS 31 S POy U
“PasTI U59q 2ABY SPOIOUL UIZI[IQEIS JO $9AAI oM, Juswaaed paysIuLy Jyp Ul sjods
1] Ul SuUn[nsal Jusisoe|d pue [ney JuLmp X1 3y} WO urelp [[Lx 19pulq Jeydse
3y pasn jou st 2Amppe Suizi[iqess e J] Juswaoeld pue Surney Sump edaidse
281200 SY] UO IELIOUI 3U) PjOY 01 pash aq Isnw adA} swos Jo aalIppe SWZI[Iqe)s
€ “IELIOW YIS A4 UI SIUSju00 19pulq 3jeydse Y3y oy 03 an(g - SaABIppY Surziiqels
-[21.MooE PAISIALL 9q lapulq J[eydse 3y} JEY 19A9m0Y
jueptodun £1aa s13j “wajsAs Supesusdwod s1meisdwa) g Sulsn SPOIOUL PrEpUEIS
3y1 Jo Aue Aq suop 3q Aet SmMIXTU Y} OJUT 19puIq Jeydse Jiy1 Jo uonsnponur
pue Suusiepy syeydse payjipows Jo 38e101S PUB UOUER[NOIID JOJ SUOTIEPUSLILIOIDL
SI2IMOBJNUR 34} MO[[0] P[NOYS SIOIOENUOD ‘13AMO] 's13pulq j[eydse
1891 Jo 9soy) woy APyS1s asearour Aewt samyeiodws) 23e10)s oy AjeordAl ‘pasn a1e
sIopuiq Jjeydse PIIPOW U A\ "SI VINH AUe 10§ Jey} 0} Je[uwis s| uononpoid
VIALS 10y 19puiq Jeydse pmbi| Jo aFe101s pue Buypuey sy - Heydsy pmbry
w3)sAs A19A0031 sauly ayj 01
11 SUISOO] UBY} JSYFEI SXBXIL 1) Ul IO[[L ay3 dooy sdfay Jauueus Iy} Ul uolonponuy

LT

“unup a1 ySnoxy mopy ses Aoo[3a Y31y oy 03 pasodxad st 11 210J3q Ispuiq

1eydse yim Pajeod St IA[[L 2y} Jet) 0s Sul| 19pulq Jeydse sy 03 1X3U 3q PINOYS URLp
SU3 oYL SUI] ISY[1J [eISUT 3y “juefd WP € Uj “JA[[L} 9Y) JO UOBINPONUL JOYE pue
210y2q Aparerpauru jrudnd oy3 o3 s1edaidde os1e0 10 duyy Suippe Aq Suop Ajeuriou
st sty juerd Yoyeq 8 U -MUXTUI 31} 0} PIPPE SI I SE UOOS St 3)e5ai83e 1951800

10 19pu1q 1jeydse Aq paxyde 2q IB[[Y S Jeyd SaueIadwW] ST "SUORIPUOD IIEIM
Apuwm Suump wajqoad 1snp B 938210 OS[e ABUI 3] "POYISUI I9PIJA[q JOA3AUOD ST}
Suisn pa[JoRUOS A[ASO[D 3q JOULED PIJJ JO 3181 YL “19pad) VY S} WOY IO Jop3j
P09 oY} WO 3[3q J0A2AU0D Aq PIPPE 9q J0u A[[e10U23 P[nOYS I9][Y [eIoUN j[NqG YT,
“pateIqiyes Ajzadoid st uIsisAs paay oy} se Juof Se S[NsSa1 JUS{[90XA UAAIS dA%Y INq
ponnbai 13[[1} Jo Junoure Y31y Sy JO 3sNE0aq PaXE} A[1aLay d1e spotjow asay ] Jueld
X1 WnIp € Jo wrup oy Jo jred yoeq e yo 1addoy ySrom Jo [[rusnd oy opur Io([y
) MO[q 01 UI3ISAS J9P39) SU} GIESU] PIIUNOUI St 1omO[q V' "I3[1H Jo Junoure 1adoxd
aq) 13)0m SWwSAS 953U, "PoYoLHE ST WIIsAs IoSne o ursisAs yoolie ue JulUIeIUoo
Iopas) suea & “ueld U} 0} IS[[1] 3y} IAILP O], "PAPIIU [UN P3I0)S ST I[Y

SU} YOIYM UL SWISAS PIsO]d dIe SO[Is asay ], “oMs uefd U je Aressooou s O[S I3[y
[RISUIW & ‘ST OP OL 1509 Suronpal sny “ynq ul paioss pue ‘paddrys ‘paseyaind

3q UEO IS[[ly SU3 POYISW SIF YA “Sounuenb ynq ul st I9[[Y [elourt SuLio)s pue
SUI[PURY JO POYISW 153G L “UISOU0D JUEHOdUIl UE S10J2IY] ST SAMXIW YIS 03Ut
I9[[1J [2IOUIL 3T} JO UOTONPONUL pue ‘SULI0)S ‘SUIfPUBH “JUSIUOD I9Y[Y [ISULW AU}
0] 2ATISUSS AIoA SI8 SAMIXIUI VNS “UOHIPPE U "I9Sy 10 (anoy 1od suoy G1) moy
1ad S 1 Jo arex syeurxoidde o1y} Je PAISAISP IB[11 [EISUIL 3y} PadU [[lm (InOY

1ad suoy gog) moy 1ad B 52z J0 S1ex ) Je Furonpoxd juerd xuur 30y € ‘o[durexs 10
*31e1 uononpoid yueld oy} PILIdAOS SeY SIYXIU SU3 0} I3[{1 [EISUTUI [EIOISUNIOD PPE
01 A11[1G® 3 ‘s10901d UOTONNSUCD WIALS ISOW 10, "IMUXIUI 3Y) 0} PIpPPE 3q ISk
10[]L [RIOUII [BIDISWILOD Jusosad ¢ I5ea] 18 1ey) suesul A[[eo1dA} Jusmaiinbar jua)uod
souyy ySry STy ‘sauly oSnoySeq JO WINJa1 oY YIM USAT “3431S (00T 'ON) WU-G/0°0
ay Suissed juao1ad (] Aporewxodde onnbai Afjensn suoyesgioads uonepeid YINS
senuo Ag 'sa1elS panug) a3 ur paonpoid VIAH Ulpim Aepo) pasn A[aunnol jou

si “0)eg§2188e oyp ur Jurumoso AfjeInied Jey) uel) 19RO “IS[IY [RISULA] - IS[[L] [BIOUTAL
"so[udxo0ss 21e80133¢e as1800 JO uonepe.s Sy}

ur KJ1[IqeLIBA SZIWIIUILI OS[E [[Is I9Paa] Suo welp s1our Suis() 'paj Suiaq st [eLIsjewl
J0 38eiuaotad YS1Y € 20UIS JOPa9) P[OS SUO LB} 210U YSNOIY} Paj 2q 03 paou Aeul
apidsjo0rs are8a158e 9s1e00 Yoeg "pa[Ido0ls pue palpuey A[ryaies oq sajedoidse

oy ey saneIadw st 3 “210Ja19y ], "paonpoid amyxiul ay3 jo Ajjenb ay uo 103559
SNOPUSWAI B 9ABY Ued sajeda1d3e osIeoo sy} Jo uonepels ayj sny] "pus[q ay} Jo
1u0s13d (0g-7/ AJ[ENSN ST JUUOD (IASTS (ON) WI-G/ { € UO PIUIEAI [BLISJBW 3] SB
paugap) s1e82153e as1e0o oy (apeSa13e suyy pue ‘51e30135e orerpauiaul ‘ajeda13de
251800) 2IXIUI 3y} Ul sa[1dy00)s 91282155e JURIGJJIP 951y} 10 Om} PUS[q 03 [eadA)
SUIL o[y -oleda183e as1e09 Jo 28musoiad ySiy € urejuod IS SIMYXIW 3Y) ‘YIS
Ul JUSISYUI JOBjU0D SYeS0138e asIe0o-uo-9e8ars3e 951e00 oy Urelqo O - sajeSoIdsy

S[EUSIEI 1
uoysnposg yuely b

'ty

*XLIJBUI SY} UT SPIOA SU} S[[1J PUB VIAIS Ul X1new 91edai38e 951200

3y3 spuiq jey) s[eLsjew Surzijiqels pue ‘19puiq J[eydse ‘I9[[1 JO SIMIXIW © - IEUON VINS 7'¢



ot

0] ¢ WOL PIseaIOU 5q $3[240 XTIl Jom pue AIp aui yioq Jey) saxnbai sup jued yojeq
B U] "2IMIXIW SU} UL PINQIOSIp APUSIOYINS 34 03 13qYf 91} JOJ SMO[[e SWil [euonIppe
SI] "VAH [BUOLULAUOI JO 181} 1940 AJYS1[S Paseaioul 3¢ PINOYS ST FJUIXTW ay)
1R} UMOYS SBY 90USLIadXd ‘IMIXTW VIS U3 03 S1aqry Suippe Uy - SwWi] Sulxiy €7t
“2ITGXIW
a1 J0 uonoediuos pue ‘Suroeld ‘Sunrodsuen 10y W YSNOUS SMO[[E I8} SIMYXTW
ULIOJIUTL B 3INSUS 0} UISOYO 3q P{noys amyeraduia) Y], "seseaiour osfe ajedaidse
9SIE0D 5Y} WO SWUIRID IBLIOW 34} JO IOULBYD YY) ‘PIseaIout s1 sayeroduis) ommyxiur
9l sy "suolsstud jueld ssealout el pue 1apulq Jjeydse sy3 s3ewep A[aAISS0Xd
Keut sty 30UiS (,065) D,9L1 SA0Qe PAIBIY 9q ISASU PNOYS SINXIW YIS
QY "samjeraduis) Iay31y ju M220 0} SUIZaq uoneprxo pidel Se UOHNED YIim PIsn
3q P[noYs ng ‘pappe st YIpow IswK[od e udym SB Yons ‘SUOISEID0 WOS U0 Papasu
3q Aew swyy ueyy Ioydy samgersdwia] ‘pspnowt jou st Jsuwkjod € USYm pasn 3q ued
(2,01€-€62) DoSST-$P1 Jo amieraduwa) & ‘AjjeordA ], "VIAH [e01dA) se amjeraduis
sures o) Je 5938321338 YINS AI1p 0} puBLIOp [9NJ SSI| SMOYS Os[e Iousuadxyg
*ajenbope a1 1y81y ANySijs 10 sarmeradua) uononpoid YVIAH [eULIOU Jey)
S31BOIpUT 90UILIAAXS “ISASMOY "Pasn sanIppe Suizijiqels Jo adA) pue 1apuiq jjeydse
JO 9peId ‘SUOLIPUOD ISlJeaMm ‘SIUSIU0D amysiow edaidde o} FuipIosoe JeyMmoIos
Axea samxIm VIS JO sarmeraduwis uononpold - smjeledwaj woyonpold jueid 7Ib
‘sajel
uononpoId X1l pIUIdA03 Sey SIXIW 3Y) 0} JS[[If [eiourur ppe o1 A[iqe oy ‘spoafoid
VIAIS 1S0W 0] “I91[1ed PAEIS Sy “I0JO9[[00 Jom aY} AQ PIAOUIAI 3q KLUl 1By} SOULf
JO S50} Aue 10] pajeIqI{ed 5q PINOYS WAISAS PIa) Jo{[I] [EISUI o} udy) ‘sduexs
10§ 10399][09 39m € ‘Jureld S} WO S3ULy SIA0WAI A[3o[d0d UI)SAS 1940021
S3UL 93 J] “oIMUXIWI YIAIS YY) O} Pappe aq 03 saury o junoure rodoidwr ue asneo
1583 K134 913 1€ 10 WoaysAs oy Snyd ues siyy, “waisAs A15A0091 souLy SU3 ojur Aem s)
purj ued )1 “rouuew 13doid e ut 10 sanuenb odold Ul armyXTW 9Y) 0] PIISAIRP Suteq
10U ST I9[[1J [eISUIW 813 J1 “2IMIXTW a4} Ul Ayijenb amsus 03 1opio ut A1odoad Sunjiom
9q JSNWI SWSISAS 0] 359Y ], "UIAISAS LINIII/UOLII[0O ISNP Y} PUE WSAS Pasy] IS[[1]
[eJaurw 3y} a1e uononpold YIAS UT SwaisAs pajefolIsiul ‘yueproduy A19A om],
‘wo)SAs KISAI2p
sanippe Suizijiqels ay) Suutojiuow pue ‘Sunelqyes ‘dn Sures ur wonpoxd X j0y
Y3 ISISSE A[[ensn [y SISIMOBJNUBLU SATIPPE SWIZI[IqelS "juswaaed paysiuLy 3y} uo
1ordW [BJUSUILNAP B 9ABY UED SAHIPPE JO JUNOWE S} UI SUOT)RLIEA ‘PIZIHN Su1aq aIe
Jioq 1o ‘IayIpow 1opuiq feydse ue ‘s1aqy Iayiaypy “uononpold Surmp paiojuowt
AJ{enunuoo pue pajeIqIes 3q PINOYS Wa)SAS AISAISD SANIPPE SUIZI[IGe)s Sy
'3I0 Yilm pownIofiad 9q 310J213Y) PINOYS SuIq P39) pod 1801888 oy3 Jo uoneIqiE)
“ISIX9 SUIq 104 215y Jueld Yoleq B UT UDAS SINJXIUI PIYSTUT} U} UT SOUIISLIP
931e] v o)eW URD SPII] Ploo a1edaiSSe oyl VNS Jo uononpoid o3 loud psleiqies
Ajngares aq jued ayy Jo swa)sAs paay oy [{e Jeys Juentodunt si 3] - vonRIqiE) Rl 1TV
‘paroayge ApuedyrusSis oq Aew Ljijenb
VIAS 213y seaze uononpoid uo siseyduwa [eroads yf)im woyoas SIY} U PISSNOSIP ST VNS
Jo uonodnpoig ‘psonpoid s1 amyxnu Ajrfenb e amsus 01 uaxe; aq pnoys 21ed jey; jurodpuels
) woxy YNH piepuels Jo uononpold 03 Ie[ruls ST YIAS JO UOHONPOIJ - UOLINPOL SIXIN 't
-a3esop Iodoid 31} S9A19931 dIMIXIL Sy}
2ImsSua 0} PIJRIQI{ES 3 IDIJIPOL SY) PPE 0} Pasn WIdjsAs 3y} Jel aaneradut

6C

sty] “1otddns Iazifiqels Sy WOy 1Y3nos 2q P[NOYS IOUBISISSE PUe I0IAPE
‘UOLIBZI[IQR]S JO ULIO] 1) JO sSo[pIeSay Sunsa) pue IDIJIpOW pue JUSUIDD
yeydse sy Jo uontodoid pansap ay) Surxtur Aq £10JeI0qE] Y} UT PIJRLUILSD
9q ueo 15pulq jjeydse payipow sy Jo sansadoxd ayJ, “1apurq yeydse
paytpows 3y} yo sarradoid sup amsesw o) sjqrssoduur s1 1 ‘Juswas Jjeydse sy
i paxrwaid jou pue jue(d i) 01Ul A[J0o1Ip PIppE S IOIPOIU € USY M
"pajeIqi[ed
3 J0UUED IOPIJY JVY U Ji AIeSSa05U 3q ABUI 30149 SuLiajowr [eroads € pue
Koemooe 100d JO 95N299q POPUSWIIONAI JOU ST 9FPLIq YS1om 139 JVH 3
JO 3s[} "WSISAS AIDAT[P JV S} BLA WINIP SN} 0} PIISAL[SP 3q ued 1 ‘Jueld
XIUI Wap € ut ‘o [[rwdnd Sy o1t A3021p Pappe 3q ued )1 ‘1aputiq jjeydse sy
uey) Ioyiel s33e5a133w oy o) pappe SI ISYIPOw Juy 3 “yue) 98el0ls AIeijixne
ue ut om} ay3 Jurpus[q Aq Io Jurpuoiq surj-wt £q paysiduiosoe s1 1apulq
Jeydse a1 0} IBLJIpowW 2y} JO UOYIPPY “uononpoid Sutmp sajedasdse A1p oy
0} A[30a1p Pappe SI 3 10 SIMIXIL Sy} 03Ul Pajo(ul ST 31 310J3q Iopurq jjeydse
3y} OJI POPUSLQ JOYMN SI ISIPOW A, “POZI[HN 318 SPOYISW JUIIAIFIP
om3 queld XI1UL J0Y U} J8 POPPE S! JAJIPOL JopuIq J2ydse ue usy pm
*19purq
[eydse oy yam poxtu A[YSnoloy) pue pappe SI Jayyipour Jo junowe 1adoid
93 JBY} SINSUD SN I0IDE[UOD S} “POUIAUL PUOSIS S YA “PaInbaiaq
Kew samyesadura) 10/pue sanbiyos) 93e103s [eroadg “Isuuew [BUOLIPED € UL
IMIXIW YAS U3 OJUL ) SI9J0UL puR 1opuIq jjeydse paryipow ayj Jo KAISAI[DP
saye} Ioonpoid X1 104 9y “POYIatl Is11 3y} 10,f “jue[d XIw joy 3y} I8 pappe
ST ISLFIPOLU S} ‘S3SBI SWOS UL “I0 ‘AISULAI 3} 1B PALJIPOW 3q UBd VIS
ur 1opuiq Jfeydse Sy, ‘SIoYIpoul Iapulq J[eydse Jo 9sn oY YIm ST VIS
0} uoyezijiqels Surptaoid Jo poyistu JayIowy - Si2ipopy 1ewdy) Jrydsy
“PANISUCD 9 PINOYS JSIMIOBJNURLL J2QEf U} “DINXIWL Y} OJUT HOWONPORUL
pue ‘Suijpuey ‘o8eI0}s 12q1] Y} YIM I0UBISISSE 10 “JudwdAed paysiuLy
S} JO 90BYINS I} UO }[NSIL AJULELIID JSOUIfE [[1m S)0ds 18] ‘(93] Tadoad
313 J& PI[O[UOS A[33RINO0T JOU ST JUSIUOD 13QY 31 3] "I9Q1Y JO junowe
1031109 9y} SIAIO3I A[[ENULUOD STYXIUI Y} 18y} 2MSUS 0} PAJRIQI[ed 3q
‘pazna[ad 10 J[Nq 3q 3 IYISYM ‘UONIPPE JaqI Y3 Jey) aaneradw ureSe st |
's1{[od o 0 $1uLIU0S Jfeydse atf) SUTULISP 0} IDIYOBINULRH JIqY Y} JIM
S99y "IINXIW SY3 JO JUSIUOD J[eydSe [[2I2A0 9} UI 10] PIILUNOIIE 3q ISnul
jeip) Jopulq Jjeydse Jo Junoure usAl3 e UILIU0d Op sIaqy pazha[jed sy,
"21e32138e au) YiLm X1 0] 1aqly ay1 Sulmoj[e pmyy swosaq 03 s19[[ad oy ur
JIopuiq yeydse 3y sasneo sajeSoudfe oy woly jesy oy 215U 31e82138e ayp
Yim paxT axe s3o[[ad oy 310y 1weid yojeq e o [qrwdnd sy ojur £;3021p
Pappe are A5y} 10 jue[d XIW UIMIP 3Y1 JO 18}[0d JV° SU} 18 $moao siofjad
9y} JO UONIPPY °}}2q JOAIAUOD PajeIqijeo e Bl [jiuidnd Io umup ay) 03
pakaAuoo pue pasjawr aq ues Kayy 1eddoy au3 woxy -Iaddoy e ut pacerd are
Papasu uaym pue uLo} Ynq ut jue[d oy o3 paddiys a1e sjofjad ayy  syuerd
oleq pUE XIUI WNIP Y104 Ul pasn 3q Ued s12q1f Jo uLroy paznajiad sy
“jueld 9y JO WSAS [0QUOD ISNP ) 19U [[Im I ‘sanguenb
9818 Ul wieans sed oy ojul 3128 S30p IoqIF SU} J] WD JY} Ul SIseS
A1o0124 Y31y 9y} 03 pasodxa Suraq a1032q Iapuiq jeydse syy £q pamides

4494



A

“(do09T) DoLT1 MO[2Q 100D

Koy 210394 paroedurod Aja1a[dwios 9q Ajfelsusd pinoys samxiul DwAjod VNS Pazijlqels
13qIy S0P UBY} MOPULM 2IMeIadid) MOLBU 210W  SBY VNS PayIpowt IowA[od

“10aed oY) pumaq Ajsyerpautur 3day| 9q S13][01 oY jeys danersduut st 31 H0Seal SIY} 104 [000 O}

surgaq 11 200 19edWIOD 0} JNIYIP SIW002q VIS ‘I9AMOH “3oed aU) PUTRq K[orRIpoumut

pue smyeraduay xur sodoid Je usym Ajipeal spoeduwiod YIS aIet Kiaa st g uswaoed

10152 3[qissod se Apjoinb se paysijdwosoe 3q p[noYs SIMXI VNS 943 JO UOREIISUSP qeod

ST} 9A9TYOE O, et Pa13[duiod Sy} J0] PIASIYOE 3 AJISUSP [BONS1I03Y) WNUIXEL JO 1uao1ad

6 J0 Asuap wnwu € pue jueo1dd §6 JO AJISUSp Jo5Ie) € Jey) PIPUITINI0dL ST - Sunoy §'s

*a1ed yiim paysijduosse
3q ues [eLITEW 3y} JO Juswooe[d PRy ‘papasu uayAy -pauuojied 3q pinoys
Suryzom puey pue Sup{el JO WNWIUIW 2 UOSEal Si) 10 “A)ls AI2A pue ysIeq 3q 0}
WmOtD| 218 SaImXIW VNS ‘I19Aed aup puryaq Afsretpsuru] - SUMSIUL] PUe JUSWdeld  $'b'S
"3[qEMO][e ST SSAWON 1] 9Ys Ul (YOUl f7/) WILU-G F JO IOUBIS[0} ¥ "}Inq 3q O}
sjuswaaed AI0J0BJSHESUN 3SNED URD SIYY, "YI VIAIS 31 JO SSawjorys 3yl Sunsnfpe 4q
PIa1A aouereq 03 A1 10U 10305dsul UORONNSUOD JUf1 I8} aanerodur s3] "YOuys (seyout
7/1-1) unw-gp paoeyd uasq aaey sjuswsaed YIS JO Auofew SYY - SSOWPIL YT v''S
“popIBOSIP 3q O} ST [BLIBIE 3Y) Uahm 1d20X%d PayI] 3q Jou
prnoys sfuwm ssaed ay) ‘Afjeousy “uawased oy Ul sjods jey Suisned sniyy 9eda133e
351800 21} WO JEMIO 9T} JEays 03 KoUspus) e 2aey Aew paads 133ne Y3y 2y
“DSpIOAR 3q P[nOYs Sy Jo spouad LoYs 10§ Ise} A10A sI38nE Ay} Surmy] s108ne
a1 10y paads sjqissod Isamofs ayp aansus sdfay ST sy ay) Jo us013d 6-68
Surwmy 1doy aq teo s199ne Jy3 181 0S pAjeIqIed 3q PInoys paads Joaed pue AIAl[op
SIIXIW VNS Y3 JUSWSAOUI I9ARd SNONUNUOD O} UOWIPPE U] "9pLL 31 U0 joedun
aAneSaou JedLIuSTs 8 aAey A[OXI] [{LM 49y} 9STIEOaq WNUIUIUL IN[0SqE Ue 0} P[ay
3q pnoys sirejs pue sdojs Joaeg "we3s pue dois A[[enunuoo o} SaeY JOU S30p Joaed
U 1B} OS PAIRUIPI0O? 9q uolordwoo pue JuauIdoe]d ‘AISAI[ap SMMyXTL ‘uoyonpoid
qureyd oY) Jet [ROBLID STY] -muxIu 3y} j0edwod o3 vonerado Suijjo1 ay) Jo Anqe sy}
£q paresorp 1red jsow sy} Joj st paads Suwiaed o1 “YINS Susoed usym - paadg Suaey ¢S
: "auIn 313 Jo judoIad (6-¢8 wng s1a8ne au
Jey) os s1o8ne a1} 0} aIyXiu o Junotue 13doid 3y ISATOP 0} SIOAIAUOD JE[S SU} MO[[e
01198 3G P[NOYS $3188 MO} Y, ‘SIASNE 3Y) PUB ‘SI0ASAUOD 1S 3U) “$31E8 MOy 3}
SOAJOAUL PUR VIATH [CUOLUSAT00 Suioe]d UsUm URY) JUSIONIP Ou SIS, "PIieIqIed
£3031109 3q pinoys Joaed ay) “VINS 23 JO tusuradeld 03 Iolg - uoneIquE) PaBd TS
“WIAIS 10] pasn 3q 0sfe ues (A LIA) [01YaA ISJSueD [eLeW
vV "I01BAS[S MOIPULM B JO Sueswr £q 10 SYomy ut Sun{oeq JO JOUUEUI [EUCHIpEL
9y ut 1aaed 3Y) 03 PAISAI[OP AJ[BULIOU ST JIMUXIW VIS YL, - 19A%d 4} SwiSeyd ¢S

uoyeladQ 19aed #°6

"UOTIONLSUOD YAH [BUOHUIALOD JO
Je1p WoIj ATea Jou past sajel uoyestjdde moy) pue s[eLdYewW Jo sadL], pasn 3q pInoys 1800
o€ © ‘SIORYINS MaU PUE P[0 Jo ‘surdjqod jusuraaed Sunsixa dn 10400 0} Pasn SI 31 uAYM
sy Buoj uLioytad 03 pajoadxa 3q JOULED 11 “aoueuLIOfIad Jouadns UMOYS SEY VIATS S[UM
"paxredar Aptadozd aq pInoys seare passansip Auy yidsp pauruLalapaid AUWOS 0] PIAOWAI
3q 03 2A®Y KBUI T peq APUSIOLNS SI Xju 50€[d-UL 3Y} JO UOHIPUOD 3} J "3SIN0O BUI[3A3] ©
Suisn paf{ly 10 paj[ill 9q P[NOYS SUONEULIOJap Jusueuad 816 Sutuleiuod seary -pourroyrad
5q 18153 pinoys Jieda xadoxd usy} VNS Aq P219A00 3q 03 SI 90BLMS Justaaed p[o ue J]

1€

"$9SIN02 JAPUL] VNS
1A S3SIN0Y 30BJINS YIAS Paoejd 0S[e JABY SI]eIS SWOS "9SIMOD ISPUIq YATH MU 1940

1O ‘31910U0D JUIWSS PUB[LIO] PAZI[GNI 1940 JUoWiaArd 9)310U0D JUSWSD PUB[LOJ PO U 1940
quswased YIAH PIO UB I0A0 SUOTIEMIS [BI2A3S JO Aue ut parjdde A[[euniou st VINS "'VIAH
[EUOnUSATOD 10] ST Sures oy} A[[ersusd st uoneredaid snyp ‘ooepms Jo ad&y sy wo pusdap [im

Pa19409 3q 0} 9eyms oy Jo uoneredard “YNS Suroed usyp - uoyeredaid a0BLMS JUIUIDAR] €S

‘panqryold AJ10LOS 9q P[NOYS ULIO}

Aue U1 S[I0 [a0] Jo 3S[} ‘PASIEYDSIP 9q USYS [[L4 JuaTe $s90X5 AUy [ong Sy ojur pakeids

ussq sey 1usSe oy 19ye paq Yonn oy Suistel Aq paysijduiosoe aq Ueo S, SuIpeo[ 210J3q

pasowal uaSe $$30%3 ST} PUB PajR0d 2q PINOYS YONI 3y JO paq SYJ, "30epms juswssed

WIAIS 9U3 WOIJ [snyj 03 JELOW Sy} asned KB }I ony aip Jo woyoq 3y ut jood 03 pamojje

st jusSe oyl J] SemIXIU YIS Y swafqoid asnes Kew spusSe asayy ‘paziun A[[njareo

10U J1 “19A9MO} "siuade aseajal Jo sisi| pasoxdde aaey satouofe 1sojy “Apjuenbaxg spaq

SorLy a1 wealo pue 1usSe 958391 € 95N 0} Jusprud 2I0J3I5Y) STI] “IIYXLU ST} Ut pakojdud

JIe sIsnyIpowl Japurq Jjeydse usym onx Apre[nonted s1swyy, ‘SIMXIW VAH [BUOBUIAUOD
Uey} SI0UW JBYMSUIOS SPaq YOnn 0} aIsYpe A2l VNS ‘IeHow Yo st 01 3u(g

“poasmyoe st uondedwos Jadoid ety amsus dioy saryelsdws)

3saYy] “pasn aIe sisyyrpowt Jswkjod J1 papasu aq Aew saxmeradws) JoySty (1.00€-0827)

D,051-0¥1 Aerewrxoidde yo somyeradua) 1e paseld st 3t yeys os ays Sutaed auj Je daLLe

PInoYs axmxIw Sy ] 93e82133e asIe0d Ay WOy Jepow ) Aeredas 0} 9A19S UL [ney SuLmp

papaoxd UOHEBIGIA SU3 YIm UONEUIPIOnd Ul dryeisdura; paseslout sy “suy [ney Joguof

® 2jZ)1198] 0) 19p10 ul YSty AJLIenIqIe PIsIE 9q JOU SIXIW YATS SUp Jo axmjessdws) sy jeys

juepzodwt s13] a[qissod se LIOYS Se 3G PINoYs VIAS 0] sawm [ney - uonenodsuel] SXUXIN 'S

quowaaed Sunsixs oy Jo amyersduus) a1y pue paoejd

Sutaq SSAUWOIYH Y S ‘ANPIUINY ‘SUOLIPUOS puLm wo pusdap os[e [[in VNS 2oeld 03 Aljiqe
3y} ‘10A9MO] 2Im3XIW VNS JO Juswaoed 03 Joud paaaiyoe 3q (1,05) J,01 Jo amyeiaduwial
JuswoAed WNUITUIW B JBY} PIPUSLIWIODAL ST 1] "IAYIBam JUSWA[OUL 10 P[0 ul paoeld aq jou

PINoYs VIS ‘uonoedwios pue yuawsseld 1adoid 9A91yoe 03 10pI0 U] - SUOUEYWILT ISYIEIM '
saanpadoly uogdedwo) pue JuamadEld 'S

‘PaMO[[e 3q 10U P[NOYS SINOY ¢ ] JO $S29X3 Ul 3wy 33e103§
*JUSWILIOP INOY}LA SINOY -7 0] PAI0IS 3 UBd WIS 1BUI UMOYS Sey douauadxa
‘e10uad U] ‘WMOPUILIP S1BIIIOL] PINOD SIY], "3UIy JO SPOLIdT PIPUIXA J0f
sormyesaduus) pajeas|s je palols aq J0u PINoYS SIIXIW VIS aU] - 988101G aMIXA  $'C'v
*013 “WnIp 9y} JO uoponpai adofs ‘ajel uononpold uwr uononpax
Surpnyout sAem Jo Iaquunu e Ul pajsnipe 9q Ued W JuIXiud 9A13031J9 3P ‘S9xX0q
191200 Yiim sjueld pue sjaireq ajqnop se yons siue[d Ioy10 10, "Ipel s33ueyd IO
10 Pasealoul 3G P[NOYS sawr SurxIul ‘pajeod APUIIOINS jou ore sa[orred ajedaidse
J1 10 “3)nyd 93IeySIp SYj 18 SIMXIW 9Y) Ul 198U ISIX3 [[us s19[fad 10 s19q1f Jo sdwn|d
31 "2INgXIu Y Jo uondadsur [ensia Aq pajewIyss 3q ueo sawy Surxiwt odoxd Yy,
‘pesy Surxiuw e ojul paSIaw pue sul] Iapulq Jjeydse oy} apisaq WP 31}
ur paserd aq aur| Joqy 3y Jeys aaneradwur st 1t ‘Jueld XTw WnIp  ojul s1oqly Sutmolq
uayp “Surxrwr paaoduur apraoid o3 Aressasou Ji ‘papusixs A[[ensn ‘pajeso[al aq Aew
sur] uonosafur Jsputq Jjeydse ay; Jued XTI winIp mof [ojjered & U] Yoed SPUOIIS G



vt

*SINJXTUL 313 UL SISIXa AJ[emyoe Uei)
pamseaur 3q [[la JUIUOD PIOA JIE 19MO] B ‘SUOD JOU SI ST} JT “S[AAJ] PIOA Ik 1oySny
3594} 1B pasn 9q P[NOYS SamyXIW snolod Jo AJISusp oy} SULMSBIW I0] PO
“Iaem 0} J[qesuntad ST amyxIur 3y 191e913 10 Jusoiad /-9 A[ejewnrxoidde a1e YIS U
SPIOA 1€ 90e[d-UI 33 USYA\ "SIIMXIW POPe3-aSUIP J0J JBy) UBY} [9AS] PIOA Iie Jamo]
B 18 I3jeA 0} 9[qesuiad ow00aq SIIXIW VNS “siuswannbal wmwiuiut patyroads
S} PI3TX3 10 J33W PINOYS YINA PUe Jud1ad y-¢ Usamiaq Ajfeord4s ‘afuel parjioads
311 UMy 3q PNOYS SPIoA JTe 3un[nsai 3y 6971 OLHSVV Ul SAmiXIu Snouwmiq
PopeIB-asUSP 0] PIqLIOSIP POYIAW 312 0} SUIPIOOOE POUIULINSP G USY) ABWI SPIOA
IV "60271 OLHSVV 4q pautuLoiop st Ajtaei8 s1j10ads [E01S105Y) WINMWIIXEL S1
MM ‘9911 OLHSVYV Aq PauiuLaiap 3q Ues sustxoads oy Jo Alaeid ogroads yinq
QYL (STVSH UOHJIU | s0[3q SI [2A3] SyJeN uSISop usym Io Jusd1od (¢ SAOQE ST SSO[
uolselqy "y usym suoneif3 (/) (pdL) (DOS) 1010edwo] K103e140) saediodng
313 JO SUOHBIAZ 001 WM 10 ‘SpT] OLHSVV Ul PQLIOSIP SE ISUNUEY {[BYSIRIA P3oe)
-1B[J ‘35 ONEIS B JO SMO]q (5 Suisn susuioads Suroedurod JO ISISU0D 51593 IS,
"IMIXIWI 93 10 PaYsIiqeIss sonaadord stnsumioa s 20uel[duwIos J0f pounuexs
3q p[noys suswioads pajoeduwios K1oyeroqer] - suawoads pajopduio)) AioipiogpT  1°6'9
“VIAH [BUOUUSAUOS U0 pauLiofiad asoy) of re[ruis A[jeIsuas dIe s3so) 9SOy, SIXIW
2y} 39901 10 3da0oe 01 AI[IGE 3Y) ISUMO 3} MO[[E 0} SE [[oMm SE UTYXIW Y} [OBUOD 0} VIS
Jo 120npoid ay3 MO[[e 03 PIIOI[[00 3G IS SIYXIW SY} UO BIEP 1S3] UIELI)- SIS3 ] SIXIA 'O
*S}[NS31 9} SEIq 0 10U SB 05 A[WOpUeI PIuIL}qo
3q P[NOYS UM} I8 so[dures Yorym 18 SWY oY) ‘uonIppe Uy “10f Jod SILISS 1553 951y} 10
om} 21inba1 pue SI0[qnS pue 10 0JUI SIMIXIMW Y} SPIAIP sepusde Auepy [o[uod Aienb pood
UrejuTeul 0} I9pIO Ul S[qesiApe s1 unsa) jusnbayy axopy “paunioyiad aq pinoys (Kysusp soejd
-Ul pue ‘UMOpUIeIp ‘SOLLIUN|0A ‘SIUuod J[eydse ‘suonepeis) Kep 1od saLIos 150 0m] I5BI]
je ‘WNUIUIUI B SV "I9UmO Y} Aq paystiqe)sa Ajensn st Sunsal pue Surjdwes jo Aousnbaiy
"PAINSEAUL 3q 0} JUANUO Ieydse mo[ e Juisnes A[[enuajod sny) S[003 3y 03 JoUs 03 KouUspus)
S} 03 NP JNOYJIP 3q UBd VNS JO Surdprenb jeys umoys sey ssusuradxs] “sampadsoxd
paztud0oa1 asay} 0} Surp1099e pojduies aq PNoYs YIS Suop aq isnwt Surjdiwies SmIxu moy
PUE 215U 10] SIUSWLNNDA1 WMo JI5Y) PAYSIqeIS? ARy saousde 150 - Suijdweg sy $°9
‘apew ag 01
Ppaau spusunsnipe Jofeul J1 UONOSS [BLY PUOI3S € J0J MOf[E O} PUB JIA[ S Ul jusuysnipe pue
3unsat 107 moffe 03 se os Juraed uononpoid Y JO IOUBAPE UL PIJONLLSUOD 9q PIIOYS UOLI0IS
[BLD 3Y, "SOUSLIAOBIBYD ISBQ JR[IWISSIP JO A[1qIssod a1} 03 anp SIAISUIP PIAIIYIE JNOqe
SUOISTI[OUOD SUIMBIP UT UaXE] 39 P[Noys a1ed ‘uononpoid [eds [[ry Suump psaed aq 01 IS
[er3oe 3yj uely] I3Y10 uouedo| € Je paoejd ST uonoas [BLy Y} J1 “ISAIMOH 'Pasn aq 03 uzsyed
Surqjox 1adoid ay3 suTULIS}SP O} Pasn aq OS[E PINOYS UCHO3S [e1l ST (JINS) B[MULIOY-XT-qol
Teur} ay} yiia swisjqoad Suiuoriodoid Kue surunajap 03 Ajiumnyzoddo poos e st uonoss
[eln YL “amixru Juajsisuos Sutonpoud yo jutod ay; 031 s1esddo o3 syusuoduwros juerd ay;
MO[[B 01 3ZIS JUSIJYJINS JO 3q 0} SPIJU UOTI03S [BLY 3Y) ‘19A9MOH “Juswade[d pue uononpoid
2IMXIW 9y} Ul S3[qeLIRA IS0 pue juerd ay3 Jo Aroedes sy uodn puadap ([ uonoss [y
341 Jo PBUI[ Ay, "SIMXIW JO (SUOI (GG PUE (ZT) T 00S PUE (OZ US9MISq JO ISISTOD P[NOYS
UOU03S [BLY 3L, "3plm SYIPM 19akd 0] 1SBI] 18 3G P[NOYS PUR 2}IS UOHONLISUOD [BNIOL 2y} 1B
39 PINOYS UOND3S [BLy SIYY, "I0}OBRHUOD U3 4q paoe]d pue pasnpoid aq PinoYs SMIXIW 3y JO
UONI03S [BLY B ‘SaImyXIul VNS JO juawadeld pue uoonpold 3[e9s [[1y 0] J0Li] - SUOHO9S [BLLL £

33

'$58001d USSP XTUI 3Y) U [NJIsn 3q ULd

1nq [0JUOD PJAY 0] PIPUSWWIONIIL JOU SI SIY], '5359} Ispuiq saediadng ay3 Sursn pajenjeas
3q ued (aanIppe SwiZI[Iqe)s pue ‘Is[[y ‘Ispulq) santadoid reyiow VNS oYL “senbruyosy
Bunsey [eroads anmnba Aewr s1apuq yeydse payrpows swog 193(01d YA [BUOHUSAUOD

Aue 10 51 31 52 P21S21 2q P[NOYS VIA'S S UI PIsT 19puiq Jjeydse Sy - 1opurd 1eqdsy 79

"SSIXILI 359} Jof paystduwiosde 3q jsnul uolepeld Jo [0U0D SO0 DI0JPIY ], "VINH

10f are Aoy UBY) SaIMXIW YIS JO SouBULIOLISd 3U) 0} [BIBLID SIOW UAYJO 318 BMULIOJ-XIUI
-qof paygtoads ayy wox uoyepess s1e3a133e J0 SUOHEIASP 10 SUOLBLIEA "PIIOJIUOW 3 pinoys
suoljepeId pady pfoo oy syuejd Xnu wnIp pue yoieq yioq uj ‘suoyepers sresa1dse yo yoayo
Joymy e se saatss Sunssy siy), “paunopiad aq os[e pinoys sasAfeue uiq 304 ‘suoneiado juerd
YoJeq U "SOIMIXTW VNS WI Pasn uaaq sey 31e3a133e oy3 J0 junoure jueoyrugis e 210§aq soeyd
ua)e) sey a8ueyd € Jey; 19onpod oy wesm o} ySnous jusnbay aq 3snul weifoid Suozuowr
9y} 21033131, "sampadoid Jno peo] Jo/pue Suijidyools o3 snp sFueyo Lew suonepesd

J1oy3 ‘vononpoid sy Jurmp s33e3a188e [BUONIPPE 9415031 Jou op sajidyools A J

usag -uonsnpoxd amyxtu Suump o[1djooss Sy 0) PIPPE SI [BLIIEW [EUOLIPPE SE 2FURYD UELd
suoyepes a[idyjo0l§ Sy VNS 31 Jo uoyonpoid ayj 10§ pasn Suraq sapidsjools pedaisse

sy Iojruow ATjestporsad prnoys 1aonpoid sy ‘YIAH [BUOBUSAUOD YiLm S - $51230138Y ['9
adueInssy Hendqonuoe) Anend) 9

'S3LOUADYSP 29eIns ursnes reprow 3y) dn xyord 0) pusy sam
12qqnI Yy, "VIAIS UO 35N I0J PIPUSWILIOIDI J0U SIE SIS[[0] PAIll-OeLINSU “IS[[0l JSYJoue
Joj paau 3y} soedor 0} Pasn aq 10U pinoys apous AI0jeIqia Y3 Ul sassed 210U Jo 9sA Y,
"uoyorduios SuLmp palojuow A[aso]o aq 1Snu dourULIoad 1Ay} Ing ‘ss300ns 1y syoafoxd
VIS UO Pasn uaaq Jaey SIa[jo1 A10jelqrp -apour spmijdure mof ‘Aousnbag ySy e ur
PasT 3q P[nOYs SIS{[01 AI0JRIQIA "JeU 3y} JO 30BLINS Sy} 03 JELIOWL 3Y} 3010} Jo/pue 3jedaidde
e31q A[2AISSIOX 10U JSIUI J1 ‘PaMO][e 51 AIOJEIqIA B J] “WIAIS UO A[[NJSSIoons pasn aq ues
AU 1ey) S37EOIPUL 7P 0 SIS[[OI AI0JRIqIA U)im S0usLIadXs ISOJA *PISn 3q 10U PJROYS 19jesm
Jo sjunowe dA1SSI0OXY WP 9y} 0} JuD{OuS WY 15pulq jjeydse sty Jusaaid 03 WP Ia[[o1
S UL I37eM U3 (M JUSSe 35391 JO JUNOWIE WNUIIUIK € XIW 0} 901oeid [euuOoU S1 1]
"90BLINS PAYSIULY ) Ul ssauynox
Aressaoauun ssnes wed jew oy} uo SumIs sI9[[013[p] -a[qissod JI L SY} JjO UNE) 3G PNOYS
Aaup o[pt 118 0] SIB[[01 3} IO ATESSI03U 53002 1 J] “JUSIOLJNS 3G PINOYS SIST[O LMOPHESIq
3y3 Jo sassed 1yB1s 03 X1 “19aed Sy} 1s31eau 1doY 2q PINOYS [J0I SALIP AU} pur (/s
€) Iy uDy{ ¢ P32dXa 10U pinoys paads 110y aImxuu VNS oy Sunoseduos usaym pasn
29 pInoys (Suoy 01) 8N 6 1582 12 SurySlom SIAT[0I PA[OYm [9238 "SIUSWANNDII UOYEDKTIoads
ay3 s1e3w ey Aususp € sapraoid jey) pamo[[o] pue paysi[qelss aq pnoys woped I9{[01
“103fo1d 3y} 03 pappe 9q PINoYs 1501 [BUOLIPPE UE USy: YSnous
Apjomnb poadtyor 3q 10uUEs AI1SUsp JT 0s[e VNS 0] [[9M SOAIDS AJ[RULIOU IaqUINU STy ]
"UOUONASUOD YVINH [BUOLIUAAUOD Ul pasn A[[eordA) a1e SIS[[O1 331y 10 om]  “Ioaed a4 i
dn yo)eD SISY[OI 3y} [IUN UMOP MO[S PINOYS VIS JO Juswade|d ‘puryaq sie8 uoneiado Jurjjox
Y1 J1 "Buifjo1 umopiealq 2a199J35 K1a S3pLaoid Yoeq pue pIemio] wyStens Surm wapue)}
Ul 3UD{IOoMm SIB[[O 0M) BN} WOYS Sel] souatiadxy “sawy [[e 18 Joaed a3 puryaq 350[0
&e1s plnoys 1a1jo1 3y pue 1aaed 3y} puryaq Ajererpaunur urdaq pinoys Surjjo1 umopiyealg
SSID[o P 3y 30 Jusoiad ¢1-Q[ umOp(|oI A[TEULIOU [[1M VIS ‘SSAUDOI 1
oY1 Jo Jusarad §z-(g A[ereurtxoidde UMOP[OI SAMYXIU VAT [BUOTUSAUDD S[IYA "SOIMIXIUL
VIATH [BUONUSAUOD 103 1Y) Jjey-2u0 Uey) s1our APYSIS SI SAITUXIUL YIS JO UMOP[IOY



9¢

“YJAS JO UOHONISU0d
2y SuLmp pazsiumoous swajqoid a[qissod 103 soueping sapuoid g ajqe], - Sunooysaqnoll 9°9

‘umopurerp
U 2ARBY 191 S1993J2 2Yj JO 101eoIpul poos e 9pIa0Id S0P 1 10q XU SY3 UL IqY
1O JUnowe Y3 AJnuend JOUUERD 1S3} UMOPUIEIP Sy ], ‘Pappe SuIaq St J9qY Jel) Moy

10302dsut oY) 19] 1583] 18 S0P I INQ QUSIUOD 13GL Y} JO JUSUIINSEIW MO[[E J0U [[1xm
yoeoxdde siy], ‘pappe Sutaq A[[enioe s1 I2QIJ JEL) PIULIJUOD 3q UED 31 JBY) OS SIUXI
31 o1ul pappe SuIaq 12q1 3y} 9AIISQO A[[BNSIA 0} POYISUL B 3q 03 SPI3U 213U} 0USH
“3INIXIL E Ul J3q1 JO JUNOUIE 3Y} SINSEIU 0] 159) Umowy ou st 210y, “1ewkfod

® uey) umopurelp Sunuoasid Jo qof 151199 € Op [[I Iaqf & ‘A[[eI19UaD) ‘uorpodoxd
1adordun ue je pappe St I9YHd Uslam J[NSII UED umopurep ‘Jauik[od 10 15qy uippe
uayp -samyesadway Surxiun jue(d a3 je pauiioyiad aq P[IOYS 1591 UMOPUTEIP SYT
“(saamixijy Jjeydsy paroeduiodu() ul sousLdloeIey) UMOopuLeLd Jo UOUBUIULIA()

33

sjuswannbal umopureIp yim souel[duwod J0J paxosyd 3q A[2UUNOI oOs[e

pnoys sojdures myxmu ‘91882185 951200 Y3 WO JELIOUL 3} JO WMOpPUIRID Jusasxd
0} 9ARIPPE SWZI[IqEIS SIS IALY ISIW JMYXIW VNS Y} 0UIS - 153 ] UmopuIvi(J
*Ksno1aa1d passnosIp s JUSIUOD PIOA JIE 19m0]

12 VIALS Jo Anjiqesuwiod 1oyS1y oy) 0) onp SINISUSP 100 SULMSEIW UIYM PISIOIFXD
3Q P[nOYS 3Ie)) "USSOYD A[WOPURI 3q P[NOYS ‘SUONEIO] SULIOD 3U) SE [[aM SB
‘suotyeoo] A)susp s5nes eaponu oy, ‘justusaed S WOI UINe} $3100 0} uostredwod
£q paxoays Ajjestpouad pue pajeIqred 39 SI0J2I9Y} PINOYS I "IYX3] 30BLMS

Y3001 S, YJA'S JO asneosq sjuswaaed YA [BUOLUSATOD 10 ST 31 St spuauosed

WIAS 10J 91eIMooE SE jou s1 a8ned reajonu ayy ‘98ned LIsusp Teapdonu e Juisn
PAIOJUOUI 3q Ured Nsusp Juswaaed SY [, *AJSUSP UMUWIXEW [BO12103Y) JO Ju3015d
6 ST VIS 10§ K1isusp 31081e1 poo3 € 19A0MOH "AJSUSP WNWIXEU [201)31031)

3O 1u2015d 6 JO ANSUSP WNWIUTW € JOF [[20 A[[EULIOU SUOLedy1dads AIISUSP JUILINY
-paureyqo Suraq st Ajsusp sodoid ey 2MSUS 0} UOKONLSUOD JusUIdaed Jnoy3nomy
A[[enunuos paxyoayod 5q PNOYS SMIXTWI 31 Jo ANsusp doed-u] - ANIsus(g 3oe[d-u]

€O¥ (%) usu0D J[eydsy
0zTF (00T ON) WUI-5/0°0
0EF (05 "ON) W-0£")
0EF (o€ "oN) uru-09°0
0EF (8 "ON) urm-9¢°Z
0EF (¥ "oN) ww-g/ "¢
orF (youy 8/¢) Ww-¢'6
ov T (youy %) unu-¢Z|
oy F (you] p/€) Wi-0'61
JDUEBIB|O], Mﬁ«mmmm JuadIad JZIS IS

-sopdmeg VIS Pa3dRIIXY 10) SUEII0], HoNepels) 11 FIIVL

‘1 9]qeL Ul UMOYS I suoyepeld JOJ SpIul] aouesdjo [eotdAL

“poLj1oads SIIULI] S0ULIS[0]) SU) ULILM SIMIXIUL 94} 10} PIYSIQEIS JINS Y} 123U
pInoys judjuood jjeydse pue uonepeld Supinsal oy, /7] OLHSVYV 031 Sulpioooe
papeid oq pnoys 9)ega133e oy Jopurq jeydse ay) Jutaowal BYY VNS JO

1u9U0 Japulq Jjeydse oyl SUIUIULIAIGD JOY [[aMm HI0OM 0) UMOYS Ua3q os[e sey (£SdL)
poyzowt uonudt Aq 3u33uod jjeydse Y] 1S3 3y 10] Papasu swy JO YZUS| Ay} 03 NP
JI0om PioE 10§ payms jou A[[eIdud S1 )L “9[qRI[3I AI9A ST g POYISIAL S[1Yym ey} 3JON
Y9I L OLHSYV Ul PIssnosip SpoylaL Y} Jo AUE JO 3I0UI 10 JUO MO[[e $a10ua5e
SO "2ImXIul 2y} Sunoenxs jo poyaw wiwido oy] USSP 0 ATeSsa05U

2q Aewr uonjeUAWILISAXS JUIOS PUE $59001d UOTIOBLXS I} ISPULY SOWIIOOS

ued VNS Ul PISN SSAINPPE SWIZI[IQEIS Y], - UODPD.LD pup Judtuo)) 1joydsy

A%

£5'9



LE

ISY[1J 19Ul 98() '€
JUSUOD ID[[1] 9SBOIOU] '
S)[NS2I JO AOBINOOR AJLIDA |

SSOUASIBO)) IS[I] PaseaIou]
IS[L] JO JUNOUIY PIsEaIda(]
SSOUJINS ISpUIY PasSeaIda(]

so110do1J TeJIOIN UT SSOUINS PIsSealda(]

I9[[1J IOSIBOD 9S() ¢
JUSIUOD IS[T] 9SS T
S)NS2I JO AoBINOOR AJIIOA °]

SSOUDUIL] I9[]1,] PISLaIouf
ID[fI JO JUNOWIY Pasealouf
SSOUJJNS ISPUIY PASEIOU]

son10do1J JEIOJA UT SSOULIIS PISEaIouf

ww ¢/, Suissed aFeuaoiod asva109(] 7

aje3a133e Jo A11ae13 oryroads y[nq 10a1100U]

Mey) SupooysdIquor), :7 FI4V.L

S)[NS91 JO AoBINOOR AJLISA | u ¢/ ' gurssed ofeiuaoiod ySryy VOA YSIH

VIALA 9582103p 10 Ju2)u0o Jjeydse sy} asealouy ‘g o)) yeydsy Mo
S)[Nsa1 JO AoeINOoR AJII0A '] VINA USTH SPIOA YSTH

VIALA 95Ba10Ul 10 Ju2)u0d Jjeydse ay3 9S8oI09(] °g Judyu0)) Jeydsy ySiyg
S)[NSa1 JO AoBINOOE AJLIOA °[ VIAA M0 SPIOA MO

SOASIS WW S/ 0°0 9je3a133e Jo K1ae1d onyroads Ynq 1091100U]

Io/pue w ¢/ f oy) Suissed oFejuaorad oty aseorouy -7 MO[ 00] W G/ ()0 Surssed a8vjucoIog
S)nsa1 Jo AorINOOE AJLISA | MO[ 00) W G/ 'f Sursse a3vyuacIsg VINA YSIH

a1e8a138e Jo A1ae1d orjoads yng 1001100U]

SOASTS W G/ ()70 91232133® JO UMOPYLIq SAISSOOX

I0/pue unu ¢/ "y ay) Surssed oFejusocred oy aonpoy 7 Y31y 00} Wi G/ (' Surssey a8ejusorog
S1[nsai1 Jo AdeInooe AJIIaA | y31g oo Wil ¢/ ' Suissed s8ejuasisg VINA M0

UOT}0V 9AI}OAII0)) asne) AN WA[qOIJ PaAIasq



8¢

$I9][0I JO ISQUINU IO/PUE SID[[OI JO 3ZIS 3SLIIOU]
Apoor109 s1a7jo1 ajeIadQ

4
'

az1s 91832138 WNUWIIXLU

SSOUNOIY ], JoA® T JUSIOLFnsU]
sputp YSIH 10/pue ISyieap\ PIOD

[BUILIOU SOWIE} ¢ SB[ I8 9q P[NOYS SSAWOIY) 1948 7 dn Sudoay] 10N sIo[0Y
1oaed 0} 95070 SIO[JOI UMOPYBAIq OM], '] SIS[[OY] JUSIOTIFUSU] Aysua( aoe]J-Uf MO]
s a1 Jo jusdtad gg-¢g Surumy s1ogne
urejurews 03 paads Suraed pue A1earsp xtut isnlpy “§ saonoeId SutARd peg
Toaed 9RIqIR)) '¢ ou y, o3e101g Suo]
owm) 93e10)$ SZMUIUIN T soue)si(T [ney Suo]
UMOpUIEIP 2o1Pal 0] $da)s MOJ[0] ‘| (1s91) umopureid Y3y sjodg 18
simyeradura) oseo109( "9
uonepeId AJIPON ‘S XIJA UL SITUSIOIA
SIMIXTWU UT SINSIOW 20NpIy ‘§ 531280133V 95180)) JO 9FLIUAIISJ PASLIIdU]
10zZIjIqe)s Jo adK) afuey)) ¢ ISZI[IqR)S JUSIoInsuy
JUSYUOD ISZI[IqR)S ASBIIIU] T JuSIuo)) IS[I,] Paseamda(
SI[NSOI JO A0BINOOR AJLISA | ammjeradura |, paseaIouf (1s1) umopurei] Y31y

UOTJOY 9AI}09110))

asne)) A[oNIy]

yey) upooysdquol], :Z FI9V.L

W[qOIJ PAAISQQ



oy

SALVAVAdLVY

(VIALS) eydsy ximejy suoig pue (9smoo uoyoLy papeis-uado) jjeydse snolod se
[ons JUsIU09 93832133 . 951200 YSIY YIlm SMYXTH JoJ pasn Ajureurid s13s3) siyy uononpoid
PidYy 3uLmp Io/pue udisap sImyxIw SuLmp amyxrw Jjeydse ue Jo {eyusjod umopurelp
3} JO uolenyeAd Ue saptaold 1593 ST, "S[9A2] 9[qe3daooe uryim ST aImyxrul jjeydse uaars
® 10J PaINSeall UAMOpUIRIP JO JUNOUIE dUf} ISUISUM SUTULISIOP 0} Pasn 3q Ued poyjaul 1s3) SI4y, 'S
IS ANV IDNVIILINOIS

“Pale[nofes usy)
ST UMOPUIRIP JO JUNOWE 3 [, "PIUIULIDISP ST IsUreitiod 10 sie[d o) JO SSBUI 3y} pUe JOUTBJU0D
10 aeid oy 13 Suole usAo S} Wwoxy pasowal st adiues oy SuruiBIUod 19seq Sy} ‘MoY
SUO JO PUS 9 IV “aMmyeIadula) pa)oa[as-aid g 18 MOY JUO J0J USAO JJeIp Pa3d1o] e ul paoeld
aIe JdUIEIL0D 10 de(d pue ‘eyseq ‘o[dures oy, ‘SSEW UMOID] JO JOUIBIUOD 9[qQEIINS IS0
10 31e[d 2 U pauonisod ST Yoty 193seq a1im e w paoseyd st s[dures sy ] "uoyonpoid piaty
woy paureqo 10 L1o1eioqe] ay3 ut paredad st paysa) aq 03 armyxrw Jeydse sy jo sdwes v 1y
AOHLIN JO AAVININAS

*91282133% ouy pue Iapuiq J[eydse JO UOHIBUIGUIO) € IO ISPUIq

Jeydse 10315 3O pasodwiod aq ABUWI SURIP YOIy [BLISI2W Y] °1$91 ot SuLmp Joyseq I

2y} 3pIsING payisodsp St pue s[oym e se o[dures 2y woy J9s31 sajeredss YOIy [ELIJEW JO
uon1od 12y} 9q 0} PIISPISUOD ST UMOPUIRID “POYISW 1593 ST} JO asodmd aif} 10J—UMOPUIRL(T ['§
SNOLLINIAIA

sasodmg Sunss] 103 S3AIS WO M 26 W

sereddy [[eysiepy Suls() SOMIXIJA] SNOUTIUNILE JO AMO[J OUSB[J 0} JUEISISTY  SpT L
sprepuelg OLHSVV 1'C
SINTNADO0A AIONTIHITI

"asn 01 4014d suoyvinuyy liowmBa. fo Aipquorddy 2y supuidiap puv

sa01904d Y3vay puv K12fvs ayp1edo.ddo ysiqoisa 01 pavpuvss styy fo «asn 2y1 fo Apiqisuodsal

Y1 S1 1] 2SN SI1 Y1IM PaIId0sSD Swalqo4d Qafvs ayi fo v ssaippv o1 jodind jou soop
p4opupis suy] tuswdinba pup ‘suoip.iado ‘S[DIBIDU SNOPADZVY 24]0aul ADU PADPUDIS SIYT €|
"PIEpUE)S Y} ST PapIeSal aq 0 SIe SIUN ISJOWI|[IHU-WeId Sy} Ul pajess sanfea sy, ¢'|

(VINS) 1Bydsy XIney suojg pue (35mnod

uonoLy papeis-uado) jjeydse snood se yons sarmxiw 03 sjqedijdde Arenonted s11s3:1 sy,

"2IMXIW 3y} JO Juswaseld pue ‘Lodsuey ‘9Fel0s ‘uonjonpoid 3y FuLINp PaISIUNOIUD 350}

01 3[qesedwod sarmeladud) pareas[s I8 pjay si sjdues sy3 usym sydwes srmxiw jjeydse
P210edWIooUn Ue Ul UMOPUIRIP JO JUNOWE 3Y) JO UONEBLIULISIOP S} SISA00 POYIUI 153} SIYT [']
Ad0OS

jeuiof OLHSVV
SaIMIXIIA 3jeqdsy pajoeduooup)
Ul SHNSLINIBIBY)) UMOPUIRI( JO UOIIBUIULISIA(
10J POYISIA] 1S9 plepuelg

9

'S

6¢

reutiod OLHSVV
SaImXIIAl Jeydsy payoedmodun

Ul SOISHAIIBILY) UMOPUIRA(] JO UOTIRUIIII(
10 POYISIA 1S3 L pIepuelS



w

‘samesadua) 1593 SU3 JO yoes e afeurelp jusolad sfe1eae sy Hodsy 101

L3041 01

-a8ejusolad v urelqo 03 901 Aq nsai ayy A[dnmp

-sseur ajdiues [e103 [ENIU 1) AG ST} SPIAIP PUe SSBW ISUIE}u0d 10 aje[d [euly o1y Wwoy sseul
Ioureuos 1o aejd [enul oy Suyoenqns Aq PoUIRIP YOlgm SIMXIW Jo juaoiad ) AL[OED 1'6
SNOLLVINDTVD

‘weid 1°( ISaIesu dYj 03 Iapuiq Jeydse paurelp snjd JPUIRIUOD
30 aye(d oY) JO SsEW Sy} PIOOAI PUB SUTLLIANS(] UIAO AU} WIOY ISuiejuoo 10 aje[d pue

103SEq SY} 9A0WIAI Z°8 UONI3S Ul PAIoads SN SY 10] USAO 31 Ul U3 Sey dfdures 9 YV £°8
“papIeOsIp 9q pinoys sjdures
2y “amgesadusy 1933 3U) MO[q D, (S WY} SI0WX PA[00D SeY d]duues 3y} J] "SANUILI G F (0 10F
PaIonpu0d 3q PINOYS 159 3Y} ‘aImyeIsdurs] 1593 9y} MO[aq D, 0 UBY) $S3 ING D ST Uey) low
P1002 Sy 3jdies 93 J] "SINUILI § F MOY | I0J [7°L 10 [']'/ Ul PAUIULIOP St dareradwa)
53 18 U940 2y) oJur A[quIasse 3y 9oe[d pue IdureIued 10 sjejd sy} uo 19Xseq Ayl 08|

‘wreid |'( 1S9I18aU U} O} JSUTEIUOD [QEIINS IoY30 O dje[d B Jo SSBUI 3y} PI0ODI pUE SUMLINR( T8
“(Z'g uo10as 995) amyeIadua) 1533 Y3 MO[aq DpST Uy} 2I0W [003 J0U S0P
apduues ay) ey 2IMSUS 0} PASIOISX oq PINOYS 1) "weld 1-( Iseresu Ay o} pduwes ) Jo
SSEW 9y} SWULIR(] "19¥SEq A} 0] IBJSURT JoJe Sdures Y GIISIP ASLMISYI0 10 AEPLOSUOD
10U O(F ‘19YS8q d1m 2y} ut ofdiues I1UD 3Y) 39B[d "¢'9 U PIGLIOSIP JNSEQ 1M PaIE}

® 03 sjdures smyx1w pajoedurooun paonpoid jueyd Jo paonpoid A10je10qe] 10Y 3y JoJsuel] 1'8

-

194

pnoys s1aq1y 9500] ‘soxtux paredoid Aroreioqey 104 “1opulq jeydse o Yim Surxiur 0} roud 21e32133e

a1p3 0y A[19211p PapPE 9 1SN s1etwAfod SWOS 10 S19qY SE YOS SISZI[IGE)s JO $3dA) aW0g—7 AON

“€°1°£ Wl PaysI[qejsd armeradural Surxrm
21 JO S| SY3 W 3q [[eYs 13puiq Jeydse pue sieSa18se ay jo amyeradwa)
) ‘Burxtwt 19y pareod A(ysnooys st a1egar3Se sy yun Appoinb topwq
yjeydse pue (Kue J1 19z1{IqEIs pue) 91e3a13Fe sup XIuI “IoxTUl € 10 (Puey Aq Jurxtur
1) eprueds e Suis)  “g[nuLIO)-XTW-qof SY3 ST JuLjU00 Jeydse suwes 3y sey odures
[euy 9y3 18y} yons aq {[eys Jeydse Jo junowe ayy, ‘J[eydse jo yumowre paunbai ayy
PDe pue pusiq s1eg185e 2y Ul 131e10 B U0 -sjusuodwod AIp oy xuu AuySnoioyy
pue (7 910N SI9ZI[IQES Aue PPy ‘[moq Surxrui i wr 9)e3a183e pajeay ayp veld  91°L
"€°1°L Ul paysiqeiss amjexodwa) ayy o3 1opulq Jeydse Y jesH  §'I°L
"(4,08) D8 Ajoreunrxoldde uey a10w £q €77,
ur paysIqess amyeIadurs) SUrKIW ay) pasoxa o1 J0U SImeraduia) € 0} 183y PUB UsA0
ue ur sapdures 21eSo158e oy 908 "B[NULIOJ-XTW-qOf SY} SE UOHEPEIS Jues I} sey
puslq s1eSa135e Sunnsal ot} JeY) Yons pOUIqUIOD 3q [[eYS suonoey sjedardde syl
‘sure1d 0OZF00Z 1 3O ssew e Sutaey sojdures smyxrw pajajdwos sonpoid o} pasmbal
UONORY 9ZIS YOS JO Junoue oy} djdures 159} yoes 10§ sued sjeredos oyui aveld ¥ 1°L
“1°€°€ UORO3S ‘Sp7 L OLLSVYV Yl 90UBpI0ooe Ut srmyeladud)
Surxiu e 309198 10 axmjesodurs; uononpoid juerd pajedionue oy sutuLRg €12
"Tg uondas 6y L QLHSVV Ul pajedipur
se suonoeyy azis sjeudordde ojur 1 9A91s pUE SSeW JUEISUOD 03 Ajedailfe oyl Ag 7TTUL

*Kquo smyesadws) uononpoxd juerd sy 1e 1531 2y} ULI0f1od 0} A1ESS303U

3q p[noys 11 ‘uononpoid SuLNp PIoY Y3 UL Pasn S1 353} 9y} USYAy uolonpold SuLmp SIINIW Jy; UC
aapy Aew uoneLea smyexaduws) jueld jey) 1095 [enusiod 2y} SUNLISISP 0} I2PIO Ul samjeladus) om)
1e pauwiopzad 9q Pnoys 1593 oy ‘ompadord ufisap smxrw a1 Jo 1ed se 159) oy FuIsn WYM—T 910N

-PaIsal 2q f[im sojdures moj JO WInIUIW 2
‘armjxru 1jeydse Suo 10y sy palss} aq p[noys safdwes aesridnp ‘oImersdua) yoes

10 (1 210N) 240GE (Lo£Z) DoS 1 ST [[2a SE amye1adws) uononpoxd juejd pajedionue
a1 aq p[noys samjeradurs) om] S L 'S2MIBIOAWS) JUSIYJIP OM] 1B PSUILIISP 9
PINOYS SOUSLIS)IBIEYO UMOPUIRID AU} ‘P3ISal I YIS I0J—S2]dumng fo oqunN  1'1'L
sajdureg paredaid Aloieioqe] 1°L

TANAID0IdL 8

-aoe(d uadel 2aRy Apealje Aew
uMOpUIBIp asneoaq suiq 33eIo)s 10 a3ms woly Jurjdules usym pasiordxa aq PNOYS UONNE)—¢ AON

‘poyiawr Surrairenb oy Aq azis syduues
1521 1adod oy 01 paonpal aq pinoys uononpoid [ergor Jurmp paureiqo ssjdwes
uerd a3 Sutara] smyxrw ay) 03 Joud syony sy se yons uoneso] Aelidordde
Kue e armgxiw oy} Surjdwes Aq uononpoad juejd SuLmp pauteiqo 3q Aeus sojdwies  7°TL
-amyexadursy uononpoid jueld auj 1e palsay
aq pinoys sajdures ayesr(dnp ‘sajdiues paonpoud jueyd 104—sa7dung fo loqunN  1°TL
sojduweg paonpoid weld 7L

NOILVIVJdTId ATdNVS

‘wiedd [°( 0} Sjeanooe aoue[eq 9
‘POpSSU SB S[4.0Q PUE “I9XIW ‘S[omon ‘se[meds 9
T6 W OLHSVY
w pay1oads Se Y10[0 9ASIS (SAYDUL $7'() WU £'9 PIepuels SuISn pajonysuod aq [[eys
woy0q pue SIPIS 19yseq ayY "] 3L Ul WMOYS SUOISUSWIP 33 Sunasou jaxseq pIepuel§ €9
‘sIaurejuos Jo sad£) ajqeyns Jo sajdwexd
a1e sun a1d 1o sued axe) ‘samieiaduisl USAO AU} PUBISYIAM 01 Atjiqemp Jjeudoidde jo oq

-91e85138e oy Yim
Surpus(q 03 Joud 1opuiq J[eydse ay3 01 AJ2IIp PIPPE 3G IS SIZI[IQE)S JO $adAY oY} “SUOHIPUoDd
Surxiu A101e10qE[ JEaYS-MmoO] Jopun 21eda13Fe oY) ojur pus|q jou [[1a s13[Jad Jeqy-jjeydsy "pasn aq

pInoys pasn siaurejuos 1o sajefd ay ], -ozis sjedoidde Jo SIOUIEIUOD JGEINS ISYIO IO SABlJ T'9
(169'€ F) DoTF UNIIA 0} 2Injesadiud] 39 oY) Urejurew pinoys usao oYL (J.05¢€
-0S7) DoSL1-071 Wwoy d8uel € up amesedwa) oy Suiureiurews Jo a]qeded ‘UA0 YeIp PO 19



Standard Practice for
Testing of HMA Mortars
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FIGURE 1 Wire Basket Assembly (Not to Scale).
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The Transportation Research Board is a unit of the National Research Council, which serves the
National Academy of Sciences and the National Academy of Engineering. The Board’s mission is
to promote innovation and progress in transportation by stimulating and conducting research, facil-
itating the dissemination of information, and encouraging the implementation of research results.
The Board’s varied activities annually draw on approximately 4,000 engineers, scientists, and other
transportation researchers and practitioners from the public and private sectors and academia, all of
whom contribute their expertise in the public interest. The program is supported by state trans-
portation departments, federal agencies including the component administrations of the U.S. Depart-
ment of Transportation, and other organizations and individuals interested in the development
of transportation.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of sci-
ence and technology and to their use for the general welfare. Upon the authority of the charter granted
to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal gov-
ernment on scientific and technical matters. Dr. Bruce M. Alberts is president of the National Acad-
emy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. William A. Wulf is president of the
National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure
the services of eminent members of appropriate professions in the examination of policy matters per-
taining to the health of the public. The Institute acts under the responsibility given to the National
Academy of Sciences by its congressional charter to be an adviser to the federal government and,
upon its own initiative, to identify issues of medical care, research, and education. Dr. Kenneth 1.
Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy’s purpose of furthering
knowledge and advising the federal government. Functioning in accordance with general policies
determined by the Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in providing services to the
government, the public, and the scientific and engineering communities. The Council is administered
Jointly by both the Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William
A. Wulf are chairman and vice chairman, respectively, of the National Research Council.

Abbreviations used without definitions in TRB publications:

AASHO  American Association of State Highway Officials
AASHTO  American Association of State Highway and Transportation Officials

ASCE American Society of Civil Engineers

ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
FAA Federal Aviation Administration

FHWA Federal Highway Administration

FRA Federal Railroad Administration

FTA Federal Transit Administration

IEEE Institute of Electrical and Electronics Engineers
ITE Institute of Transportation Engineers

NCHRP  National Cooperative Highway Research Program
NCTRP National Cooperative Transit Research and Development Program
NHTSA National Highway Traffic Safety Administration

SAE Society of Automotive Engineers
TCRP Transit Cooperative Research Program
TRB Transportation Research Board

US.DOT  United States Department of Transportation







