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Abstract

Thermal cracking of distilled residues was a popular refining practice in the 1920s that
helped double the production of gasoline from a given quantity of crude oil from 1919
to 1935. Thermal cracked residues, a by-product of thermal cracking, were used as
paving materials in the 1920s and ’30s, although they ultimately proved unsatisfactory for
this purpose.

A conversion residue generally used as a blending component in heavy fuel oils or as a
refinery fuel, was discovered to successfully blend into paving grade asphalt to provide
superior resistance to moisture-induced damage, and to provide similar hardening
characteristics as conventional specification asphalt.

Although conversion residue is seldom used in the United States, the preliminary
findings of this material compared to conventional asphalt form the basis of this SHRP
IDEA study.



Executive Summary

Thermal cracking of distilled residues became a popular refining practice in the 1920s.
The primary benefit of thermal cracking was to increase the production of gasoline and
other light products from a given quantity of crude, and decrease the volume of
asphaltic residue. As a result of the introduction of thermal cracking, the production of
gasoline from a given quantity of crude oil was practically doubled during the period of
1919 to 1935 (ref 1).

Thermal cracked residues (TCR), a by-product of thermal cracking, were used as paving
materials in the 1920s and ’30s. Most of the TCR, however, was volatile (not highly
vacuum distilled), and proved to be unsatisfactory in terms of age hardening (partially
due to high volatility losses during the hot mix process to make asphaltic concrete). This
led to some premature failures (primarily thermal and fatigue cracking) of pavements.

The Oliensis spot test (ref 2), developed in 1933 as a means of identifying TCR, was
later used as a specification standard to ensure that TCRs were not used in paving
asphalts. (This test is still mandatory in eight states and optionally enforced in 21 states--
AASHTO M226, Table 2) (ref 3). The thin film oven test (TFOT), developed in 1941,
gave a more accurate prediction of age hardening during plant mixing to produce hot
mix asphaltic concrete (ref 4). A majority of states today no longer run the spot test,
while all use the TFOT, or rolling thin film oven test.

Conversion Residue (CR) is a visbroken material (lightly thermal cracked, typically
exposed to temperatures between 420C and 480C) that is subjected to a high vacuum to
remove volatile materials (ref 5). CR is produced according to the scheme illustrated in
Figure 1, page 13. If the material exiting the visbreaking reactor is not exposed to a high
vacuum unit, the resulting residue would be volatile, a poor aging material, and would
be classified as visbroken residue--not CR.

CR is generally used as a blending component in heavy fuel oils or as a refinery fuel,
and it has a relatively low value when compared to other refinery streams. If CR were to
be blended into paving grade asphalts, it would not increase the overall cost of the
asphalt. Presently, CR is seldom (if ever), used in paving grade asphalts in the United
States. However, previous preliminary findings (ref 6) show that when CR is used in
small percentages, (<20 percent) with the remainder being a conventional distilled
asphalt, the resultant material in limited testing displayed superior resistance to
moisture-induced damage (Modified Lottman Test) and similar hardening characteristics
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(TFOT) when compared to conventional specification asphalts. These preliminary
findings are the basis of this SHRP IDEA study.

For this study, two different CR materials, two sources of vacuum distilled asphalt, and
three sources of aggregate were evaluated. The asphalts and their blends were tested
using standard specification binder tests, and the asphalt-aggregate mixtures were tested
using ASTM-D-4867 (ref 7) to assess moisture-induced damage.



RELATED RESEARCH

The reduction of moisture-induced damage by using CR or TCR is not widely known
or practiced in the United States. However, in the 1955 Proceedings of the
Association of Asphalt Paving Technologists (AAPT) there is a paper entitled
"Waterproofing Aggregates with Cracked Road Oils” (ref 8). The authors
concluded "that certain cracked road oils are better waterproofing agents than
any other commonly used asphalt products”.

In the 1988 Proceedings of AAPT a paper entitled "Hydrocracking Residues--The
Potential Source of Road Binders"” by Zanzotto et al (ref 9) showed dramatic
improvement in percent of retained Marshall stability after a 24-hour soak with
as little as 3% hydrocracked residue. ~Zanzotto also showed lower aging index
values with 20% or less hydrocracked residue in the blend when compared to the
straight run asphalt. At percentages above 30% the hydrocracked residue
increased the aging index significantly.

In work done at Shell Development (ref 6) findings similar to Zanzotto’s were
reached when CR was used. A blend containing 17.6% CR had a lower aging index
than the original vacuum distilled AC-5 blending base. Also, a blend having 20%
CR had a higher Tensile Strength Ratio (51.2% vs. 36.1%) when compared to the
control (using the Modified Lottman Test procedure as run by the Texas State
Department of Highways and Public Transportation).

BINDER PREPARATION

Two CR materials were chosen. One sample (W-834) is a Tia Juana Pesado (TJP) CR.
TJP is Venezuelan crude. The other (W-840) is a Middle East CR. Asphalt sources
chosen from the SHRP Materials Reference Library (SHRP MRL) were Arabian Heavy
(AAS) and California Valley (AAG). West Texas Intermediate (solvent deasphalted)
(AAM) was originally chosen, but proved to be incompatible with both CR
materials. This was determined by viewing thin films of the blends under a
microscope at 200X. Instead of being a homogenous honey color (compatibie),
these blends contained a network of visible black structures (flocculated
asphaltenes). A1l subsequent blends used in this study were compatible using the
200X microscopic technique.

It was the aim of the study to have CR blended at 0, 5§, 10, 20 and 40X by weight
of the total binder with the base asphalt; and the resultant blends have a
consistency of AC-20. The AC-20 blends (18 in all) were then tested using common
asphalt specification tests along with a minimum of other tests that have shown
some correlation to field performance.

Because both CR materials were more viscous than AC-20, it was necessary to use
a soft asphalt to give the resultant blends the proper consistency. The softest
California Valley available from the SHRP MRL was an AR-2000 and for the Arabian
Heavy an AC-10. In a few of the higher ¥ CR blends, soft asphalts were not
sufficient, and a heavy non-volatile distillate from a Mexican/West Texas Sour
crude was used to attain AC-20 consistency.



BINDER EVALUATION

Binder tests results are found in Tables 1A through 4A. Calculated properties
of the binders are found in Tables 1B through 4B. It should be noted that aill
blends did meet AASHTO M-226 specifications for either AC-20 Table 1 or Table 2,
except (in some cases) for the optionally specified Spot Test.

METHODOLOGY OF BINDER EVALUATION

The following calculated properties and test data are considered important in
predicting binder performance:

Bitumen Temperature Susceptibility (BTS)
Estimated Thermal Cracking Temperature (ETCT)
Penetration at 4C (60 seconds, 200 grams)
Viscosity at 60C

% of Original penetration

Aging Index

Exudation Droplet Tests (EDT)

It is more meaningful to evaluate these properties or data on TFOT residue (where
applicable), because TFOT residue closely matches the short-term aging that
occurs during construction of a hot mix asphait pavement (ref 10). Unfortu-
nately, at the time of this study there was no standard long-term aging test
available (Pressure Air Vessel test under development in SHRP). Each of the
above properties and test data in relation to performance are discussed below.

BTS is identical to the Penetration Index (PI) as developed by Pfeiffer and Van
Doormaal (ref 11) when penetrations are used. Heukelom (ref 12 & 13) extended
the PI concept to include viscosities. However, PI based on viscosities is a
contradiction in terms, and authors de Bats and van Gooswilligen (ref 14)
developed the term BTS—which will be used in this report. From a rheological
standpoint it would be advantageous to have a relatively stiff binder at high
service temperatures (high viscosity at 60C) and a relatively soft binder at low
temperatures (high penetration at 4C). This type of material would have a high
BTS value. BTS can be represented graphically using the Bitumen Test Data Chart
(BTDC) developed by Heukelom (ref 12). An example of the BTDC is given in Figure
2. Three classes of asphalt are shown: Type W (waxy), Type S (straight line) and
Type B (blown). The slope of the line in the performance region (typically €0C
and below) is of most concern. Viscosities (and BTS) at temperatures above the
performance region are important during the construction of the pavement, but
once properly constructed, they have no correlation to performance.

ETCT is based on findings of low temperature thermal cracking from the ST. Anne’s
Test Road (ref 15). A relatively simple chart (see Figure 3) and penetrations
at 5C and 25C are all that is needed to determine the ETCT. Penetrations ( 5
seconds and 100 grams) were run at 4C and 25C in this study. The penetration at
5C was interpolated (using BTDC) and used in calculation of the ETCT.

The Pacific Coast Conference on Asphalt Specifications has adopted the 60 second-
200 gram penetration test at 4C on Rolling Thin Film Oven Residue in their 1980
Performance Based Asphalt Specifications. It is felt that this test is better



from a precision standpoint than the 5 second —-100 gram test at 4C. The apparent
problem with the 5 second test at low temperatures is the depth of penetration
is small, and it is on the highly tapered portion of the needle. Goodrich (ref
16) evaluated the 60 second penetration test at 4C as a performance based test,

and found that it correlated with low temperature creep testing on mixtures
(limiting stiffness temperature) better than any other binder test in his study.

Viscosity at 60C is the basis of our country®s present Viscosity Graded Asphalt
Cement Specifications. It is intuitively obvious that the higher the viscosity
of the asphalt cement--the stiffer the mixture, and the more resistance the mix
is to permanent deformation (rutting). The Shell Pavement Design Manual (ref 17)
has input parameters for asphalt cement stiffness, and this factor directly
affects predicted mix stiffness and rutting.

Percentage of original penetration (25C) after the TFOT is a specification
requirement for Penetration Graded Asphalt Cements (ref 18). AASHTO M-20
requires a minimum of 58X, 54X and 50% for 40-50, 60-70, and 85-100 penetration
grades. If the % is Tess than these minimums, then it is inferred that the
material is prone to excessive agwng and the resulting pavement will prematurely
crack.

Aging index is the ratio of TFOT viscosity @ 60C / viscosity @ 60C. AASHTO M-226
limits this ratio to a maximum of 4.0. If the aging index is above 4.0, then
(similar to % of original penetration) it is inferred that the material is prone
to excessive hardening during aging and the resulting pavement will prematurely
crack. However, pavements do not crack at 60C—they crack at lower temperatures;
and the fallacy of the aging index was discussed by Moore (ref 19). 1In this
- discussion it was pointed out that some aged asphalts develop high 60C
viscosities, but they have excellent low temperature properties (high 4C
penetrations—soft and resistant to cracking). It was concluded that judging how
an asphalt will perform after age hardening cannot be adequately assessed by only
comparing relative aging indexes based on viscosities at 60C.

The exudation droplet test (EDT) was proposed by van Gooswilligen, de Bats and
Harrison (ref 20). It has been found that exudative hardening may contribute to
premature fracture of pavements, which occurs more frequently with lean mixes.
Exudative hardening is the loss of oily material that exudes from the binder into
the mineral aggregate. Shell Method Series 2697 was the test procedure followed.
weighed quantities of asphalt are placed in drilled recesses of a marble plate
of a specific Italian origin. The plates are heated to 60C for four days under
a nitrogen blanket. During this period oily rings develop which are measured
with a microscope under ultraviolet light. For AC-20 materials a ring width of
less than 2.0mm is an indicator_good performance. A1l blends in this study were
1.2mm or less.

The following two sections will discuss how the two CRs affected the Arabian
Heavy and California Valley asphalts.



ARABIAN HEAVY

Arabian Heavy is recognized as an asphalt with low temperature susceptibility,
and because of this is generally considered a good performer. It easily exceeds
AASHTO M-226 Table 2 requirements for temperature susceptibility (minimum 60
penetration at 25C and 1600 to 2400 poise at 60C). The Arabian Heavy AC-20 has
a 25C penetration of 81 and a 60C viscosity of 2041 poise (Table 1A) and a BTS
of -0.73 (Table 1B). It can be seen that both CRs had little effect on the BTS
(25C pen. & 60C visc.) for original properties (Table 1B & 2B). However, in all
cases CR improved the BTS after the TFOT when compared to the control AC-20.

BTS (4C pen & 60C visc.) for the control AC-20 (Table 1B & 2B) were slightly
better than the CR blends. However, after the TFOT the higher percentages (20
& 40% CR) exhibited better BTS. Similar trends are evident in the Estimated
Thermal Cracking Temperature (ETCT) on TFOT residue——which show lower ETCT (more
resistant to thermal cracking) for high ¥ CR blends.

The aging index increased with increased amounts of CR (Figure 4), however, per-
cent of original penetration at 25C showed no significant change with increased
CR (Table 1A & 2A). TFOT penetrations at 4C generally increased with increasing
amounts of CR (Figure 5)——which is beneficial for low temperature properties of
the pavement.

Based on binder evaluation of the two CRs in Arabian Heavy, there is little
evidence of reduced performance. With the exception of spot test results, all
Arabian Heavy-CR blends tested meet current AASHTO M-226 Table 2 requirements.

CALIFORNIA VALLEY

california valley is recognized as an asphalt with high temperature suscepti-
bility, and because of this is generally considered a marginal performer in areas
with large seasonal temperature changes. It easily exceeds AASHTO M-226 Table
1 requirements for temperature susceptibility (minimum 40 penetration at 25C and
1600 to 2400 poise at 60C), but fails to meet more stringent requirements found
in Table 2. The California Valley AC-20 control has a 25C penetration of 50 and
a 60C viscosity of 2059 poise, (Table 3A) and a BTS of -1.51 (Table 3B).

It can be seen that both CRs had a positive effect on the BTS (25C pen. & 60C
visc.) for original properties and TFOT properties (Tables 3B & 4B). The 20 and
40% TJP and the 40% Middle East CR blends improved the temperature susceptibility
to the point that these blends meet AASHTO M-226 Table 2 (Tables 3A & 4A).

Low temperature proper*t'ies were improved significantly with CR. For exampie, the
ETCT for the control after TFOT was -21C while the 40% TJP and Middle East CRS
were -28 and -33C respectively (Table 38 & 4B).

The aging index did not increase with increased amounts of CR until 40% CR was
used (Figure 6). Percent of original penetration at 25C did decrease with
increasing CR, but this is probably a function of increased penetration (Table
3A & 4A). As previously discussed AASHTO M-20 allows for a lower percent pf



original for a high penetration grade. Penetrations at 4C on the TFOT aged
material in both cases increased with the higher amounts of conversion residue
(Figure 7). _

The improvement in BTS was primarily a function of the two CR crude sources as
compared to the California valley. However, Giavarini (ref 21) shows an increase
in asphaltenes during the CR process. In this study six different residues from
distillation and their corresponding CRs were analyzed for asphaltenes. In all
cases the % weight asphaltenes increased. The average asphaltene content for the
six distilled residues was 11.0%, and for the corresponding CRs it was 15.0% Two
main reactions occur in visbreaking (ref 5 & 21). The primary reaction is the
removal of Alkyl side chains (paraffins) from the molecules of the distilled
residue. The secondary reaction is condensation of ring structures—increased
molecular weight. Simpson et al (ref 22) found that the temperature suscepti-
bility of an asphalt decreases with increasing molecular weight; and Corbett (ref
23) found that asphaltenes decrease the temperature susceptibility and are a
desirable component of asphalt. Thus based on the above, a possible benefit from
the CR process appears to be an improved BTS.

Based on binder evaluation of the two CRs in California Valley, there is strong
evidence of improved performance (BTS). With the exception of some spot test
results, all California Valley-CR blends tested meet current AASHTO M-226 Table
1 requirements; and the higher % of CR improved the resultant blends so they
could meet Table 2.

BINDER EVALUATION IN BITUMINOUS MIXTURE

Three sources of aggregate were chosen from the SHRP Library in order to
evaluate the effect of the various CR binders in the performance of mixtures in
the presence of moisture. The aggregates selected for this phase of the
evaluation were:

RA Lithonia Granite
Vulcan Materials Co.
Grayson, Georgia

RD Limestone
Genstar Stone Product
Frederick, Maryland

RL Golf Coast Gravel
Fordyce Inc.
Sullivan City, Texas

It was known from previous studies that the RA was prone to severe
stripping, the RL to moderate stripping and the RD to little stripping.

Preliminary supplies of each aggregate were obtained from the SHRP Library
and evaluated for gradation. Calculations indicated that satisfactory mixture



designs could not be prepared without additional fine aggregate. A supply of
natural sand (FA-2) was obtained from SHRP source:

RF Glacial Gravel
Vulcan Material
Crystal Lake, I1linois

Marshall Mixture designs were prepared with each aggregate (RA, RD and RL)
incorporating 30% of the natural sand (RF) using Arabian Heavy AC-20 (W 831).
The designs were prepared in essential conformity with the procedures in the
Asphalt Institute Manual MS-2. Optimum asphalt content was chosen at 4.0% air
voids. This design data and blends are shown on Tables 5-7.

In order to evaluate the effect of the conversion residue to reduce
moisture damage a series of fifty-four moisture induced evaluations were
conducted. Each of the three aggregates were tested with two control asphalts
AC-20 Arabian Heavy and AR-4000 California Valley. Each aggregate was also
tested with blends of the above control asphalts and each conversion residue in
concentrations of 5, 10, 20 and 40%.

The testing was conducted in accordance with ASTM Method D-4867. The data
on these tests is summarized in Tables 1C through 4C. Individual Data on each
test is in the Appendix.

ARABIAN HEAVY

The test results for the original Arabian Heavy AC-20 indicate that all three
aggregates have moisture damage potential (Table 1C & 2C). The data indicates
that the Georgia aggregate (RA) has the greatest damage potential as expected.
However, the order of the Texas and Maryland aggregate was reversed from the
expected performance. Both Tensile Strength Ratio (TSR) and the visual
evaluation of stripping confirmed the ranking of the laboratory performance of
the aggregates. The fact that the high percentage of natural sand (RF) from
I11inois was needed for the mixture design could have confused the comparison
of the laboratory versus field performance of the aggregates.

Georgia Aggregate (RA) - The test results for the Georgia Granite showed the
greatest improvement of the study when the Arabian Heavy was blended with the
Middle East CR. The TSR values increased from 20 with 0 percent CR to 69 with
40 percent CR. This is a statistically significant increase when testing
precision reported in the ASTM Method is considered. When the Tia Juana Pesado
CR was used, an increase in the TSR values was noted as the percentage of CR was
increased. The blend of 40 percent Middle East CR with the Arabian Heavy brings
the TSR values up to a marginal area. A1l other blends as well as the mixture
without CR would need some additive to inhance the moisture damage potential of
the mixtures. However, for all blends with this asphalt the TSR properties were
equal to or better than the results on the mixtures without CR. The test results
for the three aggregates and two CRs are shown on Figures 8&9. Visual evaluation
confirmed that the stripping for the control and eight blends in this part of the
study occurred in the coarse aggregate fraction.



Maryland Limestone (RD) - The test results on Tables 1C & 2C indicate that the
40 percent blends of both CRs brought the retained strengths for the Maryland
limestone up to a value which would meet most state specifications. Both results
are significantly different than the control resulits according to the ASTM
precision statement.

In all cases, the CR blends were again equal to or better than the control tests
with this aggregate. These results are in Figures 8&9.

Visual examinations of the moisture treated specimens again confirmed that the
coarse aggregate fraction was the cause for the loss of strength.

Jexas_Chert (RL) - The test results given in Tables 1C & 2C show a general
increase in the TSR values for increased percentages of CR. These results are
compared on Figures 8&9 for all three aggregates. None of the values are
significantly different from the control tests. However, they are equal to and
there appears to be a trend of better performance with more CR.

Visual evaluation of the moisture treated specimens confirmed that the strength
loss was a result of coarse aggregate stripping.

Comments - The test results for the Arabian Heavy indicate in some cases a
significant improvement in the moisture damage properties of the three aggregates
studied. No detrimental performance was indicated with regard to moisture damage
by this data. In all cases, the visual evaluation confirmed that the moisture
damage occurred in the coarse aggregate fraction. This indicates that the
natural sand (RF) used in the mix design did not have a detrimental effect on the
performance of the aggregate blends. This 1is confirmed by the reasonable
agreement between the laboratory data and the field performance history of the
aggregates.

CALIFORNIA VALLEY

The moisture damage test results with the control asphalt indicate that the
Georgia aggregate was approximately equal to if not better than the Maryland
material and the Texas aggregate showed to be the worst. As previously
indicated, this does not agree with previous field or laboratory experience. The
Georgia material is a known stripper with TSR values expected to be in the 20 to
30 range if the material doesn’t fall apart during testing.

A further factor which confused this issue is the fact that none of the CR blends
showed any significant benefit as experienced with the Arabian Heavy Study.

The visual evaluation of all the mixtures with the California Valley asphailt
indicated that the vast majority of the stripping occurred in the fine aggregate
fraction. This is totally different from the Arabian Heavy data and indicates
that instead of evaluating three aggregates, only the natural sand RF from
I1linois was studied.

Because of the concern over the major switch in data in this part of the study,
an independent sample of California vValley asphalt was obtained (Not part of SHRP
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MRL). The results of a new set of TSR tests on the Georgia aggregate are shown
on Table 8. With this sample of asphalt, the TSR values decreased from 70
percent to the more common value of 28 percent with the coarse aggregate showing
the stripping.

A study was undertaken to determine the differences in the asphalts which could
cause such a major change. The results of a X-Ray fluorescence indicated that
the SHRP MRL sample of California Valley asphalt contained 2400 parts per million
of calcium compared to less than 50 parts per million for the check sample
obtained independently. Other elements were present in virtually the same con-
centrations in each sample. Following is the data obtained on the two California
Valiey asphalts.

SHRP Independent
Element X Wt. %X Wt.
Al 0.06 0.08
Si 0.03 0.03
S 1.2 1.2
Ca < 50 PPM 0.24
Fe < 0.010 PPM < 0.010 PPM

Based on this information, it appears that a form of processing was used in the
manufacturing of the SHRP MRL asphalt which introduced calcium into the material.

It appears that the calcium benefitted this asphalt such that when tested with
the aggregates and CR in this study it masked the results. For this reason, the
results of the California Valley asphalt moisture damage tests were not used to
derive the concliusions to this study.

CONCLUSIONS

A1l the tests conducted in this study showed that conversion residue can be used
in limited quantities with current asphalts. The data indicates a significant
improvement in asphalt properties and moisture performance for a number of
conditions. None of the tests indicated any adverse effect of the CR on the
asphalt except for the spot test.

RECOMMENDATIONS

Based on the results of this study, it is recommended that several of the CR
blends be shipped to other SHRP contractors for evaluation under the new binder
tests being developed. If those results prove satisfactory, it is recommended
that several test sections be built as part of the Long Term Pavement Performance
Studies.
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CONSULTING
TESTING
RESEARCH

CHICAGO TESTING LABORATORY, Ine.

GENE ABSON, P.E. (1897-1863)

WARD K. PARR, P.E. (1912.1985)

CONWAY C. BURTON, P.E.
(CONSULTANT)

RICHARD E. ROOT, P.E. 3360 COMMERCIAL AVENUE/NORTHBROOK, ILLINO!S 60062 FOUNDED 1912
GEORGE J. GIROUX, B.S.
EROL UNER, CET. (708) 498-6400 FAX: (708) 498-7232
TABLE 5A
Report September 28, 1990

No. 006039

National Research Council
Strategic Highway Research Program
Attention: Mr. Robert R. Kelley
818 Connecticut Avenue, N.W.
washington, DC 20006

SHRP IDEAS - Georgia Granite (RA)
Contract No. SHRP 87-ID020

Samples of aggregate were received from SHRP-Reference Laboratory for
testing. A Marshall mix design was conducted in essential conformity with the
procedures in the Asphalt Institute Manual MS-2.

Specimens were prepared from multiple batches and held at compaction
temperature for 1.5 hours to simulate field conditions. Compaction was
accomplished with a mechanical hammer and the maximum density was determined in
accordance with ASTM Method D-2041.

The test data is summarized on the attached Report of Bituminous Mix Design
and has been plotted on the Marshall data curves.

The following data summarizes the recommended mix design for the materials
submitted.

Aggreqate Proportions (Cold Feed):

Quantity Material Source

20% No. 7 Georgia Granite (RA)
15% No. 890 Georgia Granite (RA)
35% No. 810 Georgia Granite (RA)
30% FA-2 Crystal Lake (RF)

Optimum Asphalt Content for 75 Blow Design:
(Percent by Total Weight of Mix)

Grade Amount
AC-20 6.0 %
(wW831)
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AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND QURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS. AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING OUR REPORTS IS RESERVED PENDING OUR WRITTEN APPROVAL. SAMPLES WILL BE
DISPOSED OF 21 DAYS AFTER TESTING 1S COMPLETED UNLESS OTHER ARRANGEMENTS ARE AGREED TO IN WRITING. ALL TESTS ARE CONDUCTED IN ACCORDANCE WITH THE
LATEST ASTM OR AASHTO TEST METHODS WHERE APPLICABLE.



TABLE SE

CHICAGO TESTING LABORATORY, INC

Report 006038

Marshall Properties at Optimum Asphalt Tontent:

Job

Stability, at 140F, 1b .
Flow, at 140F, 0.01" . .
uUnit weight, 1b/ft* . . .

Voids Analysis, %:
Air Voids . . . . . . .
Voids Mineral Aggregate
Voids Filled . . . . .

Mix Formula:

38

Sieve Size

3/4" . . . . . e .
1/2"  © v e e e e e e e
3/8" . . i e e e e e e
No. 4 . ... ... ...
No. 8 . . . . .
No. 16 . . . . . . . ..
No. 30 . . . . .. . ..
No. 50 . . . . . .. ¢ ..
No. 100 . . . . . « « . .
No. 200 . . . . . « . . .

Asphalt Content, & . .

. 2770
. . 10.5
. . : 145.4
. . 4.0

. . - 16.4
. . 76

ercent Passin

. . 100
. 85
.. 87
.. €5
. . 54
. . 42
. . 30
. . 15
. 7
. 3.8
.. 6.0

Respebtfu11y submitted,
CHICAGO TESTING LABORATORY, INC.

ﬁ ‘_-' \
..'".“'-' s ﬂ i j }
AL ELS 2L et IS

Richard E. Rogt, P.E.
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BITUMINOUS MIXTURE DESIGN
By The MARSHALL METHOD

Lab. No.

006059

JDatc 9/28/90

Materials Used

Georgia Granite

20%
15%
35%
30

890
810
FA-2

CHICAGO TESTING LABORATORY. INC.

3360 COMMERCIAL AVENUE
NORTHBROOK. ILLINOIS ov062
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TABLE 5D

REPORT OF BITUMINOUS MIX DESIGN
LAB. NO.

006038

DATE 9/28/90

TO: SHRP ldeas - Georgia Granite (RA) TYPE: Surface

MATERIALS SUBMITTED

CTL No Agg Source
004102 No. 7 Georgia Granite (RA)
004104 8390 Georgia Granite (RA)
004103 810 Georgia Granite (RA)
007131 FA 2 Crystal Lake, Iliinois (RF)

AGGREGATE GRADATION - PERCENT PASSING

No. 7 830 810 FA 2 Blend
Sieve
3/4" 100.0 100.0 100.0 - 100.0 100.0
1/2" 75.7 100.0 100.0 100.0 95.1
3/8" 37.0 97.5 100.0 100.0 87.0
No 4 3.4 20.0 90.7 99.8 65.4
No 8 2.0 2.6 77.2 85.9 53.6
No 16 1.7 1.6 65.3 62.1 42.1
No 30 1.4 1.2 50.2 39.1 29.8
No 50 1.0 0.7 32.1 11.0 14.8
No 100 0.7 0.5 18.0 2.1 7.1
No 200 0.4 0.2 . 9.6 1.2 3.8
Agg BSG 2.627 2.613 2.634 2.629 2.628
AGGREGATE BLEND
Percent 20.0 15.0 35.0 30.0 100.0
BITUMEN DATA
Type : AC-20 Source: ’004208 SG :1.034
MARSHALL MIXTURE DATA
TEMP, MIX- 315 COMP.- 290 BLOWS-75
Bitumen BSG MSG voids VMA vf Flow Stab
4.5 2.291 2.488 7.9 16.7 52.8 9.7 2620
5.0 2.306 2.469 6.6 16.6 60.2 9.8 2595
5.5 2.318 2.451 5.4 16.6 - 67.3 10.2 2800
6.0 2.339 2.434 3.9 16.3 76.2 10.2 2820
6.5 2.344 2.416 3.0 16.6 82.0 10.8 2470
Agg ESG 2.664 Asphalt Abs, % 0.5
COMMENTS:

40 CHICAGO TESTING LABORATORY, INC.



TABLE 6A

Report September 29, 1990
No. 006040

National Research Council
Strategic Highway Research Program
Attention: Mr. Robert R. Kelley
818 Connecticut Avenue, N.W.
Washington, DC 20006

SHRP IDEAS - Marvland Limestone (RD)
Contract No. SHRP 87-1D020

samples of aggregate were received from SHRP-Reference Laboratory for
testing. A Marshall mix design was conducted in essential conformity with the
procedures in the Asphalt Institute Manual MS-2.

Specimens were prepared from multiple batches and held at compaction
temperature for 1.5 hours to simulate field conditions. Compaction was
accomplished with a mechanical hammer and the maximum density was determined in
accordance with ASTM Method D-2041. .

The test data is summarized on the attached Report of Bituminous Mix Design
and has been plotted on the Marshall data curves.

The following data summarizes the recommended mix design for the materials
submitted.

Aggregate Proportions (Cold Feed):

Quantity Material Source

15% No. 7 Maryland Limestone (RD)
10% 1/2-4 Maryland Limestone (RD)
10% Birdeye Maryland Limestone (RD)
35% 10 Sceening Maryland Limestone (RD)
30% FA-2 Crystal Lake (RF)

Optimum Asphalt Content for 75 Blow Design:
(Percent by Total Weight of Mix)

Grade Amount
. AC-20 5.5 %
- C‘)?- (w831)
. HV
g:dp
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TABLE 6B

CHICAGO TESTING LABORATORY, INC

Report 006040

Marshall Properties at Optimum Asphalt Content:

Stability, at 140F, b . . . . 2550
Flow, at 140F, 0.0;" ..... 10.8
Unit Weight, 1b/ft* . . . . . . : 149.8
Voids Analysis, %:
Air Voids . . . . . . . . .. 4.0
Voids Mineral Aggregate . . . 15.0
Voids Filled . . . . . . .. 75

Job Mix Formula:

Sieve Size Percent Passing
3/4" . . e e e e e e e e e 100
172" & e e e e e e e e e e e 98
3/8" . . e e e e e e e e e e 93
Noc. 4 . . .. .. ..o 73
No. 8. . ... ...... .. 52
No. 16 . . . . . ¢ ¢« « ¢« « « 35
No. 30 . . . . . . . ¢ v ¢ o 22
No. 50 . . . . . . ... ... 10
No. 100 . . . . . . ¢ ¢« ¢« .« o . 6
No. 200 . . . . . . . .« . « .« . 4.8
Asphalt Content, ¥ . . . . . . 5.5

Respectfully submitted,
CHICAGO TESTING LABORATORY, INC.

QL ARE- Gl

Richard E. Root, P.E.



TABLE 6C

BULK SPECIFIC GRAVITY
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BITUMINOUS MIXTURE DESIGN
By The MARSHALL METHOD

Lab. No. 006040 [Dae 9/29/90

Materials Used

MARYLAND LIMESTONE

15% No. 7

10% 1/2-4

10% Birdeye

35% 10 Screening
30% FA-2

CHICAGO TESTING LABORATORY. INC.
3300 COMMERCIAL AVENUE
NORTHBROOK. ILLINOIS 60062 43




TABLE 6D
REPORT OF BITUMINOUS

MIX DESIGN
LAB. NO. 6040
DATE 9/29/90
TO: SHRP Ideas - Maryland Limestone (RD) TYPE: Surface
: MATERIALS SUBMITTED
CTL No Agg Source
4111 No. 7 Maryland Limestone (RD)
4109 1/2-4 Maryland Limestone (RD)
4107 Birdeye Maryland Limestone (RD)
4112 10 Scrn Maryland Limestone (RD)
7131 FA-2 Crystal Lake, Illinois (RF)
AGGREGATE GRADATION - PERCENT PASSING
No. 7 1/2-4 Bird 10 Scrn FA 2 Biend
Sieve
3/4" 103.0 100.0 100.0 1C0.0 100.0 100.0
1/2" 83.3 100.0 100.0 100.0 100.0 98.4
3/3" 57.6 S1.1 100.0 100.0 100.0 92.8
No 4 2.5 14.0 67.6 95.7 99.8 72.9
No 8 2.2 3.0 22.7 68.0 85.9 52.5
No 16 1.3 1.2 6.6 43.1 62.1 34.7
Nc 30 T.1 1.0 4.0 28.0 39.1 22.2
No 50 i1 0.8 3.1 18.0 11.0 10.5
No 100 1.0 0.7 2.7 14.0 2.1 6.0
Nc 200 0.9 0.7 2.6 11.4 1.2 4.8
Aggc BSG z2.710 2.691 2.699 2.683 2.629 2.673
AGGREGATE BLEND
Percent 15.0 10.0 10.0 35.0 30.0 100.0
BITUMEN DATA
Type : AC-20 Source: 004208 SG :1.034
MARSHALL MIXTURE DATA
TEMP. MIX-315 COMP.- 290 BLOWS-75
Bitumen EESG MSG Voids VMA vf Fiow Stab
4.5 2.273 2.537 - 6.5 15.2 57.4 9.7 2625
5.0 2.387 2.518 5.2 15.2 65.6 10.3 2490
5.5 2.410 2.498 3.6 14.€ 75.8 10.2 2580
6.0 2.414 2.481 2.7 15.1 82.2 12.2 2370
6.5 2.420 2.462 1.7 15.3 88.8 17.0 2050
Agg ESG 2.724 Asphalt Abs, % 0.7
COMMENTS:
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CONSULTING
TESTING
RESEARCH

GENE ABSON, P.E. (1897-1963) “

WARD X PARR, P (15121089 CHICAGO TESTING LABORATORY, InG.

ICONSULTANT) L
mémo E. ROOT. PE. 3360 COMMERCIAL AVENUE/NORTHBROOK, ILLINOIS 60062 FOUNDED 1912
GEORGE J. GIROUX, B.S.
EROL UNER, CET. (708) 498-6400 FAX: (708) 498-7232
TABLE 7A
Report February 5, 1991

No. 006041-A

National Research Council
Strategic Highway Research Program
Attention: Mr. Robert R. Kelley
818 Connecticut Avenue, N.W.
Washington, DC 20006

SHRP IDEAS - Texas Chert (RL)
Contract No, SHRP 89-1D020

Samples of aggregate were received from SHRP-Reference Laboratory for
testing. A Marshall mix design was conducted in essential conformity with the
procedures in the Asphalt Institute Manual MS-2.

Specimens were prepared from multiple batches and held at compaction
temperature for 1.5 hours to simulate field conditions. Compaction was
accomplished with a mechanical hammer and the maximum density was determined in
accordance with ASTM Method D-2041.

The test data is summarized on the attached Report of Bituminous Mix Design
and has been plotted on the Marshall data curves.

The following data summarizes the recommended mix design for the materials
submitted.

Agaregate Proportions old Feed):

Quantity Material Source

30% No. 4 Texas Chert (RL)
15% No. 6 Texas Chert (RL)

24% 8-200 Texas Chert (RL)

30% FA-2 Crystal Lake (RF)
1% Dust Texas Chert (RL)

Optimum Asphalt Content for 75 Blow Design:
(Percent by Total Weight of Mix)

Grade Amount
AC-20 6.2 X
(w831)
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AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING OUR REPORTS IS RESERVED PENDING OUR WRITTEN APPROVAL. SAMPLES WILL BE
DISPOSED OF 21 DAYS AFTER TESTING IS COMPLETED UNLESS OTHER ARRANGEMENTS ARE AGREED TO IN WRITING. ALL TESTS ARE CONDUCTED IN ACCORDANCE WITH THE
LATEST ASTM OR AASHTO TEST METHODS WHERE APPLICABLE.



TABLE 7B

CHICAGO TESTING LABORATORY, INC
Report 006041-A

Marshall Properties at Optimum Asphalt Content:

Stability, at 140F, 1b . . . . 1860
Flow, at 140F, 0.0;' ..... : 9.1
Unit Weight, 1b/ft” . . . . . . 143.3

Voids Analysis, %:
Air Voids . . . «. « + « ¢« .« . 4.0
Voids Mineral Aggregate . . . 16.0
Voids Filled . . . . . . . . 75

Job Mix Formula:

Sieve Size Percent Passing
172" & i e e e e e e e e e e s 100
3/8" . . e e e e e e e e e e 90
NO. 4 . . . ¢« ¢ ¢« ¢ o ¢ o o o 67
NO. B . & ¢ v ¢ ¢ ¢ ¢« « o o « 51
No. 16 . . . . ¢ ¢ ¢ ¢« & o o & 38
No. 30 . . & ¢« ¢ ¢ ¢ ¢ v o o 28
No. 50 . . . ¢ ¢ ¢ ¢ &« ¢ o o & 17
No. 100 . . & & ¢ ¢ ¢« ¢ ¢ « & & 4
NOo. 200 . . . & ¢ ¢« ¢ & «o o & & 2.4
Asphalt Content, ¥ . . . . . . 6.2

Respectfully submitted,

CHICAGO TESTING LABORATORY, INC.

Richard E. Root, P.E.
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BULK SPECIFIC GRAVITY

STABILITY — LBS

FLOW — 1/100 INCHES

TOTAL MIX
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20 BITUMINOUS MIXTURE DESIGN
By The MARSHALL METHOD
. : Lab.No. 006041-A  |Date2/5/91
ma Materials Used
: 30% No. 4  (RL)
15% No. 6 (RL)
10 = 24% 8-200 (RL)
: 30% FA-2 (RF)
: 1% Dust
5 18 -
T H— pREanase:
e Sessasastosss AC-290
° — e CHICAGO TESTING LABORATORY, INC.
5.0 5 - .0 75 3360 COMMERCIAL AVENUE
'PERCEP& AQPHAS&MEN‘? NORTHBROOK. ILLINOIS 60062
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TABLE 7D

REPORT OCF BITUMINOUS MIX DESIGN

LAB. NO. J06041 A
DATE 1/22/91
TC: SHRP Ideas - Texas Chert (RL) TYPE: Surface
MATERIALS SUBMITTED
CTL No Agg Source
4115 No. 4 Texas Chert (RL)
4116 No. 6 ‘Texas Chert (RL)
2109 8~200 Texas Chert (RL)
7131 FA-2 Crystal Lake, Illinois (RF)
4117 Dust Screened from -200 Material
AGGREGATE GRADATION - PERCENT PASSING
No. 4 No. & 8-200 FA-2 Dust Blend
Sieve
3/4" 100.0 100.0 100.0 100.0 100.0 100.0
1/2" 99.4 100.0 100.0 100.0 100.0 99.8
3/8" 67.0 99.8 100.0 100.0 100.0 90.1
No 4 1.7 79.1 99.9 99.8 100.0 67.3
No 8 0.3 7.8 94.5 85.9 100.0 50.7
No 16 0.2 0.6 76.4 62.1 100.0 38.1
No 30 0.1 0.2 65.6 39.1 100.0 28.5
No 50 0.1 0.1 51.7 11.0 100.0 16.8
No 100 0.1 0.1 10.9 2.1 100.0 4.3
No 200 0.0 0.0 4.3 1.2 100.0 2.4
Agg BSG 2.597 2.578 2.485 2.629 2.562 2.575
AGGREGATE BLEND
Percent 30.0 15.0 24.0 30.0 1.0 100.0
BITUMEN DATA
Type : AC-20 Source: 004208 SG :1.034
MARSHALL MIXTURE DATA
TEMP. MIX- 315 COMP.- 290 BLOWS-75
Bitumen BSG MSG Voids VMA vf Flow Stab
5.0 2.275 2.447 7.0 16.1 56.2 8.7 1850
5.5 2.283 2.430 6.0 16.2 62.8 9.7 1800
6.0 2.295 2.413 4.9 16.2 70.0 8.8 1840
6.5 2.311 2.396 3.5 16.1 78.1 9.0 1870
7.0 2.316 2.378 2.5 16.4 83.8 10.2 1710
Agg ESG 2.637 Asphalt Abs, % 0.9
COMMENTS:
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CHICAGO TESTING LABORATORY, INC,




1°8¢

| RS
(%1
€19

§°9

abeaaAy

£°0§ 8 Ly £°1LG £°09
0°¢L 6°v9 6°¢9 £°69
¢’9 k'L §°9 L9

e82°¢ 192'¢ 9Le'¢ S8C"¢
L ] ¢ 1

69 9'9 09 69
VEP'E —mmmmmmmmmmmmmms -
912°¢ vLZ'Z 882°C L92°2

8 9 14 £

GZ9 M 3|Bydsy

6E0900 NOIS3Q XIW
JLINVYHD VIOHO3ID

198¢-0 MISY - OTL1VH HIDNIAYHLS ATISNIL

'00  1ININJ0TFAIQ 113HS

CEREL)

. . . . . . x .O—.&ﬂm
Bui3l1ds 8| jsuaj ebedaay

tsd yjbuauls ajLsuaj 38M
tsd yibuauls 8y sual Auqg
* st "t * uojjeanies %
*oet ottt X ‘SPIOA ALY
A3}ARaY Ofj10ads wnwixen
te xu+>mgo O} 4108ds yLhg

. . » . . . . . :mE—-Uwa

- 2gbzbt o\ 4¥1 11g wydoy

49



0°8y

€709
| A'TA
8°99

¢"9

abedaay

¥°GS £°LS 0°€9 £€°99 -= -= -
- - - -— bTLEL 9782F  1°vel
9°69 8°99 v°v9 ¢"99 - i --
9°9 §'9 9°g 8°G ¢'9 §'9 L9
- 66V°'¢ -——--—m——————-

GEE'¢ LEE'C 8SE°"¢ pSEC EVETC  lEETC  LvE'l
8 9 14 £ L § [4

0¥0900 N9IS30a XIW
(GY) 3INOLSIWIT ANVIAUVK

X% ‘oiiey
fuil311ds ol |sua| abeusay

- tsd yjbuails ajsua) IaM

8 LI isd yjbuauis asual Aiq
_— Ce e e uogpiednies %

6°G Tttt ot X ‘SPLOA JtY
————— A3LARUD D} 1 08dS wnwixXepn
bGE°2 * * A31ABUD DL 4}00dS Y|Ng

i e v e e a4 e s

usu| dadsg

¢ jusuodwo) ‘gozv00 ‘ON Qe 110 3ieydsy

198¥-0 WISV - OILVH HIDN3YLIS ITISNIL

020 I 68 diHS

50



L'99

¢80l
£°29l
0°0L

bl

abedaay

87601

1769

8°601

I°69

0°¢

GeE"¢C

S

—m—m e~ 66F° 2

9°90L 979014 - -= -=
L°0L 6°'v. - -- -
¢l 'L 0°L 0°¢ 6°9
cLe¢

6iE"¢ gce’e

c I 8 L 14

0¥0900 NOIS3IA XIW
(Q4) 3INOLSIWIT ONVIAUVH

G Juauodwo) ‘€£2800

198¥-0 WISV ~ OIL1VY HION3YLS 3ITISN3L

020 QI 68 duHS

X ‘opjey
BuriyiLids afsua] abedaay

tsd yijbuauls a|Lsua] 31oM
tsd yibuaals afsuay Adqg

uojjeJdnies %
Tttt ot % ‘SPLOA JLY
A3 ARG D) }100dS wnuwiXey
* * A3iAR4D D1 410ads y|ng

uaw|oadg

"ON qe7 110 3leydsy

51



876§

G'ES
§'66
8°¥9

L

abeJdaay

8°89

v €9

9°9

o e o e G100 G e i 0 T e G S 200

gEe"¢

L

(A4

£°E9

9°1

60€°¢

9

9°8G LA
£°99 ¢'19
[ ¢l
8le'¢c 8iE°¢
1/ I

0¥0900 NOIS3A XIW

(GY) 3INOLSIWIT ANVIAYVH

L98Y-0 WISV - OILvd HLON3HLS ITISNIL

020 aI 68 dJHUHS

210 $°S6  1'96  1°68

19 0L £°L !

—-- 66V°C -————- e
€EE°C  ¥IE'T  9IET  WIE'T

8 g v £

G pus|g ‘€02v00

X ‘oliey
BuL3311ds 8| )sua] abedaay

isd yjbusuals 8|Lsud) 10M
tsd yybuauys sjjsuay Aug
L e e v s+ LOKRINGYS X
% ‘SPLOA JLv

A3LARID 21 34108dS wnw)Xey

"+ A31ARJD D1 4100dS ¥(Nng

uaw}oads

"ON qe7 710 3leydsy

52



L'6¥

0°6¥

G°86

v°69

§°L

abe.udaAy

L'y

§°9.

. . . . . . x no*.“ﬁm
Buy33L|ds a|jsua] abeuasay

§°9¥ 6°0S 6709 - - - - tsd yjbuails 9| |susl }am
-~ - -~ §'66 9°00L  ¥'l6 £°00i ksd y3buauals a|jsudl Aug
L7l L°¥9 9°v9 - -= - - * ot * * * uojjednies %
vl vl 91 ¢l ¢l €1 £°8 Tttt % ‘SPLOA Jtv
———= - 66V °C e AJLARID D1 }108dS wnwiXep
Ele"¢ GIe"¢ 80e'¢ 8IE"¢ 6lE€EC  9lE'C ¢6C°¢ " * A3pARU4D D} 308dS Y|Ing
S 14 4 8 9 £ } R V=T RoX=To

0v0900 NOYIS30 XINW
(QY) 3INOLSIWIT ONVIAHVH
198¥-0 WISV - OILVH HION3HYLIS ITISNIL
020 QI 68 duHS

9 puaigd ‘v0Zv00 °‘ON qel 110 3ieydsy

53



619

£'E9
RN
b yy

81

abeuaAy

b @99 g‘09  9°69 - - - -

e e v S R 1 S R X 1 SR K S I 0

beil bed ke bedn -
g1 by bl 1 | e Ll e
'*“‘0\;'l'll"""'"“”“.‘""‘ aat 0 & ) B e ND ek Bt AP G W .i-i.\(\.il.)"lr

BOE'C 162°C VIE'Z p6eZ 962°C 90E°T LODE'T  TUE'D

8 L 14 £ 9 S [ !

[y . . * . ] & —o‘...u-.wz
BUp33tildg 9| jsue) ebedany

{ed (IBUBLIIY O sual 1u
i ol \ibuw i3 eptsua)l Al
Cor b yopjednies %
et ot K ‘splop JLY
Atbaadb o)) iveds wnuixey
* * Al}Aedb O 4y00ds ding

. ¢« & ¢ o v . :m::.omam

L pusig ‘G0CY00 °ON qel 110 3leydsy

0v0900 NOIS3A XIW
(QY) 3INOLSIWIT OANVIAUVH
198p-0 WISV - OILVH HION3IYLS ITISNIL
020 QI 68 dY¥HS

54



abeuoAy

B'28
b'bo
v

9'¢l
CA T
0y

AL
Bby
A}

1°e9 -- - - -

-~ 4'86  E'86  l'Bn  Olg
Q.—Q - - P -
bt 0l il iy 0l

Bl 0 s L g o L oo B B e N s it AD B W a0 e et Y B Y b ea @Qv . m“ B e T I R L

14
8

B2t e
G

gIe-e
¢

tie‘e g2e'e e6le'e  pee'e  vie‘e

I L 9 b X

L] [] 1] L] . L[] * —o?uﬁm
Bui33i1ds 8| ksus] abeuany

}sd Yjbuedlg efsus)l oM
}ed YbUB.11g B psuay A1
Ct ot vt ogjedanies &
ettt % 'sprop Jly
AYIABID U} )| oads wnwyxBy
* * A1}ABID 2} 4)00dS King

L R ST S TS S :wEPOOQm

8 puald ‘90¢y00 "ON qel 113 3|eydsy

0v0900 NOIS3Q XIW
(QY) INOLSIWIT ANVIAUVH
L98%-0 WISV - OILvYd HION3IYLS ITISNIL
020 dI 68 dYHS

55



(AT
|89
9°96
699

0°L

abeaaAy

{'ve

b'ed

b'es 9mg 'l - - e

- -— - N 9°98 W98

B9y b'ge  6'bo - - --

6°'9 L9 b9 6'9 6°'9 8°'9
-—- ———— f6V°'C -

9¢e°¢ le€"¢ 8CE"¢ Lee°¢ 92¢°¢ ote"¢

9 14 £ 8 9 c

00900 NDIS3IA XIW
(GY) INOLSIWIT ANVIAUVH

L T T N )

A % ‘o}iey
BUL93LLdg oflsuel ebedary

- ksd Yihtedys op1sus] 36H

990 fsd 3buniiy eLpsust AJdg
- * ¢ v ¢ ¢+ lopjjednies %

e Yottt st X ‘SPLOA JfV
uuuuuu A3LARAD O} jp00dS wnwixepn
cee’e * * A}}AB4D D} 4D8dg jINng

uauwfoadg

P . . . 0 . . . .

€1 pualg ‘622800 °ON gel 110 3leudsy

198y-0 WISV - OILVH HIONIHIS ITISN3L

020 QI 68 dYHS

56



H°gY

8°09
L'¥0L
v v9

'L

abeaoAy

2'6% (Y] ilg b:io

8°v9 v'v9 9°t9 8'v9

vi puslg ‘0£2800

0¥0900 NOIS3A XIW

(QY) INOLSIHIT GNVIAUVH
1987-0 WISY - OILvYd HIDNIYULIS 3ITISNIL

0¢0 aI 68 duHS

» 1) » . .

s % ‘opivy
t a1 Lty w59 vbedoay

}sd 3buealg 8| jsua) 39M
jsd yabuedis appsuay Aug
Cee e Uojjeanies %
X ‘SpLoA 41V
A3LARID O} 4)00ds wnwixep
* * A31ABJID D}4108ds LG

uaui} 29dg

"ON qe7 113 3leyduy

57



6§°'G9

l°59
t'66
9'v9

9°'L

abeJdAY

£'y9
9'v9
b'L
S1E"¢

8

L'ty
e'vo
6°L

(Y1154

9

g'19

¢ty

6'9

9¢t°¢

14

L'to -- - -

- 9uul Ltte rovul

0'99 -~ - o

8l 8'L 8L bl
...... 1] A

G0E'C GOE'Z GOE'Z GME'Z

2 L G €

0v0900 NOIS3A XIW
(QY) 3INOLSIWIT ANVIAUVH

% ‘oljey
Buy 111 1dg stlsua)l ebeanty

- psd Ybuadig oprsuap jon

‘

Eucl bad 43bUI4g e |suay Aig

. ¢ s 0 ¢ 0 v hoj3RANRS %
X ‘SPIOA ALY
A3LARAY O} Jloads whul xuy
Giee * * A3}ABJD D}jL00dS NG

uauwL oads

i e e e e e

GL puaig 1£2800 °ON ge] 110 ILeyd.y

198¥-Q WISY - OILvd HIDNIYLS ITISNIL

020 QI 68 duHS

58



£'9l

9°'69
6°8L
£°99

L

abedaay

y'lg B'B9 B'09  b'ug
§°99 019 W9 E'¥D
8°9 9°9 9°1 §°1

0v0900 NDIS3d XIW

9'6L

(QY) 3INOLSINIT ANYIAUVH
198%-0 WISV - OILVY HION3YLS ITISNIL

0¢0 4I 68 duHS

60l

94 puaig ‘2€Z800

[ T Y T B )

, % ‘opivy
ButaLidg vlisue) ebeaaay

[ ed \[{BURIdg @) 1sual 19M
Led Ya6u0.013 e psuay Aag
D uojjednies %
% ‘SPIOA 4tV
AJLARAD O} J10adS wnwixey
* * A31AedD 9}310ads Hing

. . . . . [y . .

uaw}oadsg

‘ON QBT TLD ey

59



| ANy

¢80l
96t
S°v9

S°L

abeaaay

8°0LF L°90F 8°0L1 L°90l - - --
- -= - -~ 0°8vF 0°9GF 276Gl
v L9 L°¥9 6749 S'v9 -- —-- -
3 L9 6°L '8 9°9 9'9 6°L

- 66V°¢
cce'ec ceETe  10€E°C  L62°¢  vEE'C  veE'C  l0E'C
L -9 14 4 8 S £

0¥0900 NOIS3A XINW
(QY) 3INOLSIWIT ANVIAYVW

x ‘ojey
Bui4441dg 9l }sue) ebeasAy

- ted Yjbue.ls eo|rsua]l 18M
tsd yibuauaiys 9 jsus) Auqg
_— e uojjeanies %
L8 ottt ottt x ‘SPIOA J}Y
A3LARAD O} 4108dS wnuig Xep

" * A3}AedD D 4108ds ¥ing

i v e e e e e e

uswioady;

6 puaig ‘910900 °ON gel 110 3ieydsy

198Y-0 WISV - OILvd HION3HLS ITISNIL

020 AI 68 dYHS

60



L°0L

8°v0l
£ 8yl
£°99

€L

abe.uaAy

% ‘ofjey
bui33ptds apsua] sbeuasay

€°00} 9°901 9°90i 1°S01 - - - - 1sd yjbuaals a|rsual 1M
-- - - -= 9°6rPL 9°6¥L £°8VL 8°'GVI ksd yibusais aysuay Auq
0°v9 L°99 1°99 ¢°99 - - - - L uojjednies %
vl (AN V'L ¢l vl ¢l £°L 9°1 Yttt x ‘SpLOA Jty
66v°2 A3pAedn o 3103ds wnwixep

EiE'C 02€°C ¢€Le°'2 6LE°Z EIE"T 0ce"¢ 9ie"z 60£°2 * ° A3pARuD D} 408dS y|ng
9 S N } 8 L v £ vttt ot ottt uswpoeds

0v0B0D NDIS3Q XIW
H) 3INOLSINIT UNYIANVW

0} pusig *110900 °ON ge7 71D 3{eydsy

190p-d Wisvy - otivd HioNauls F11sNd)

beo Ut 69 dukg

61



8°9.

8°90}
L°6¢EL
6°¥9

§°L

ebeUeAY

X ‘opiey
Bujl314lds 8| tsua] abeusay

8°€0L ¢°80% L'CLF G°cOl - - - - tsd yjbuediys aL|sual IaM
- - - -- lLovi G°8E} 6°9¢t1 L°0vi tsd yjbuauays a|fsual Aig
S°y9 0°99 S°v9 §°69 - - - - SRR uotjednies X
8°1 LANS 9°L $°'L Gl v°L 9°L £°1 ettt t X 'SPIOA Jd}Y
66¥°2 A31ABID O} 400dS wnwlxXey

gog'e Gie'e 60E°¢ LiE°2 LLETZ GiE'C 80EL°C 9lE"¢C * * A3pAR4D D}4}0RdS Ning
L g € e 8 9 14 | Tttt ottt uawidads

L¢ap-1 Wisv - O

0v0900 ND1S3G XINW
(dy) 2NOLSIWIT ONVIAUVH

beo c* o8 duks

I} pueLg ‘8L0900 °‘ON qB7 TLD 3Leydsy

vd HioNddle 211eN3L

62



v°G6S

¥ v01
9°88l
8°v9

L°9

G NETYY

% ‘opjey
6ui3111ds e |sua] abeaany

€904 2°80FL 0°S04 0°86 - - - - tsd yjbuasuls 8| }sua) 1aM
-- - - -- 8'v6l P°88L v°IBL  1°68I ksd yabuaais s tsuay Aig
L°v9 8°¥9 8°99 £°t9 - - - - ottt uotjednies ¥
L9 S°9 0°L 9°9 9°9 §°9 8°9 ('] ttt ottt X ‘splop 4Ly
66y °¢ A3}pAedn oy 4100ds wnuwyxepy

¢tE'¢ LEE'T G%E'T EEE'C eEE"?  lE€'e 82E'C  12E°¢ * * A3pABID D1 4)08dS K|INg
L S € l 8 9 v 4 ottt vttt uswpoads

0¥0900 ND1530 XIN
_(tY) NOLoAWL1 dNVIAUVH

¢l pueld ‘6.L0900 ‘ON Q®1 11D 3|Bydsy

Losb-t Misy - o1lvd HioNaNi® 31iBNdi

080 di o8 duHs

63



87611
67991
8°G9

6'9

8bBIBAY

X ‘ojiey
Bu}l3t1dsS 9| sua) abeuaaay

0°tel G°gct A 1Y . A1 - - - - psd yjbuadiys atsual 38M
- - - -—-  §°991 G'2LL €°69F v°09l tsd yibuauls a|jsuay Aug
€°99 9°¢€9 6°99 ¥°99 - -- - - R uojjesnjes ¥
L9 9°9 () ¢l 9°'9 .m.o 6°9 v°L ottt "t X ‘SPIOA JLY
66v°¢ , A3LARAD O} 4108dS wnwiXey

G2E°CZ PEE'Z -l2t°e BIE'C EEE°C 9EE°'C l2E'C GiET¢ * * A31AeJD O}4}08ds ¥ing
1 g [/ | 8 9 14 £ *t ottt ottt uswdads

070900 ND1S3a XIW
(dY) 3INOLSIAWIT GNVIAUVA

Ll puelg ‘€L0L00 °ON Qe) 110 3leydsy

198%-0 WiSY - OILVY HION3YLS FTISNIL

020 af 68 duHS

64



(8 4]

¢°8ii
G691
S'v9

¢l

abeuaoay

X ‘oliey
Bupl3}1ds o |suaj abedaAy

2'9LlL  p°8iL 8°LLL €024 - - - - tsd yjbuauls o |sual oM
-- -- - == L°19L  6°LSh  LT19F 979G tsd yibuauiys aLjsua) Aug
219 G'E9 E°€9  6°€9 -- -- - - R uojjednies %
§°L 0°L vl 0L vl 0°L (] 2L Tttt st X ‘SPLOA LY
66v°¢ A3LARAD O }08dS wnuwgxep

2IE°2 G2€°2 GlE'CT G2E'T  €LetT geetz  2eEtT  02€E°2 * * A3pAB4Y D}4)00dS MINng
8 9 14 ! ] g £ z *otot ot ottt uawpdads

0v0900 NDIS3d X1IM
(aY) INOLSIANET GNVIANVH

8} pueld ‘pI0L00 °‘ON 4e1 11J 3ieydsy

Lush-d Wisy ~ Ofivd HiDNFYLIS F118NaL

beo dt 89 duHe

65



6°LL

v 6L
6101
v°99

§°L

abvaoAy

X ‘opjey
Buplli|ds a|tsua) abedaAy

681 L°1l AN Y] 9761 - - - - }sd yjbuails afjsus) JaM
- - - -- 8°tol L°86 0°S0l 6°66 isd yjbualls eisual A
9°99 6°v9 6°89 m.mm - - - - Ce e e uojjednies %
8°L ¢l €L 9°L v'L Gl §°L LA sttt t X ‘SPLOA JLY
66¥°¢ A31ARUAD O} j1o0adS wnujxey

€0E"2 6LE°C 9lE°C OlEe"¢ SiE"¢C e ¢ Lie"2 Ele"e * * A3pAeJD O} 4108dS KLng
L S e b 8 9 v, £ * ottt ot ottt usuwldads

070900 NDIS3Q XIN
(QY) 3INOLSINIT ANVIAUVH

61 pualg S10L00 °"ON qel 110 3Leydsy

198y-0 WiSY - OI1VM HIONJYLS ITISNAL

020 QI 88 duHS

66



GGl

§°0¢1
9°6G4
1°S9

9'9

"BuleAy

| AT 12814 ! ¢'Gii 6°GiLi -- - - -
- i - - ¢ 661 6°v9l rARA*]! £°291
6°v9 6°99 6°v9 S°v9 - - - -
v°9 v°'9 L'9 L9 L9 L'9 L9 v°9

- - - 86v°2
Ove'z LE'z Lec'? lee'z  bee'z  2ec'z  lee'z  bEE'?
0 g y £ g 1 ¢ _

ovo9dy Nbtsda xiM
(a4) INOLBINLT ONVIAUYN

vz pusld ‘ginLoo

L98¥~-Q WISY - OIivd HIDNIYLIS F1E8NdL

020 d1 68 duHS

X ‘oiiey
Bu33L1ds 9| Lsua) abeuaday

}sd yjbuauils 8| sud] 3apM
tsd yibuauys 8| |suajl AuQ

uojje.anies %
v e+ e s+ X 'SPLOA 4}V
A3lARdp O} 3}00dS wnu|xey
* ¢ A1}ABJD D14}08dS Y{ng

uswyoedg

‘o 481 110 3Leydsy

67



G°0¢

9°61
L°G6
£°99

9°'9

abeaany

6'GL 8'02 ¥'8F  £°€C - -- - -
- - -- --  0°06 §°20F 6°16  ¥°26
2'€9 8'99  6°S9  1°99 - -- - -
9°9 8'9 S°9 v'9 0°L 0°9 2°9 €L

- VEV°2
€12°C 892°C 9l2°2 Gle'Z v9'T 88Z°¢ £82'C lST°¢
L 1 4 1 8 9 S £

¢ jusuodwo) ‘802¥00

6£0900 NOIS3A XIW
(vd) VI9H039 JLINVYHD NVITNA
198%-0 WISV - OILVY HIONIYLS ITISNIL
020 QI 68 duHS

X ‘ojjey
Bup33t1ds | sua) abeusaay

tsd yjbueuqs ofjsual Jam
1sd yibuauls atisual Aag

uojjeJnies %
« e+ v+« % 'SDLOA J}V
A3LARID O }00dS WnufXey
* * A3pAB4D D} 4}00ds Ming

uauwoads

*ON qe7 110 3Leydsy

68



v 0oL

G°66
cTivi
6°v9

9'9

abedaay

C oo e e+ g ‘Opey
Bul33rids 8| |suaj abeusay

2766 1°96 L'€6  0°60} - -- - -- tsd yjbuadls a|tsual oM
- - - -—  §TLPL  LTLEL vUSEL LVEL tsd yijbuadls af|suay Aig
9°99 L°€9 P9 9°p9 - - -- - Ceee e uojjeunies %
9°9 L9 8°9 v°9 0'L §'9 09 6'9 Tttt ot % 'SPIOA JLY
———— -- vEV e -- - - A3pAeaY O} j108dS wnwiXen
€12°¢ LL2°C 692°CT 6l2°Z v9e'Z GlZ'T? 88¢'T §92°2 * * A3}ABND DL }|08dS %INng
8 9 g € ] 14 4 I S V- TTRSEL S

G juauodwo) ‘€€2800 ‘ON Qe 110 3Leydsy

6€0900 NOIS3Q XIW
(vd) VIOHO3ID ILINVHD NVIINA
198v~0 WISV ~ OIlvd HION3YIS ITISNIL
020 AI 68 duHS

69



€°2¢
| AN X4
196
y-L9

89

abeudAY

v°8i | AN X 0°¢c 6°¢€¢
8°99 £°99 9°0L 0°L9
¢’9 9'9 ('3 L
y82°¢ ElLZ'¢ - 09¢°C £9¢°¢
9 S [ I

(vd) VIDHO3D IFLINVYD NVITNA
198y-0 WISV — OILvY HLIONIYLS 3TISNIL

- - . . . » x ao—.“mz
Buj33}1dS @ }sua) abedany

— psd yjbuauals a|lsual 19M

§°G6 ¢°¢ol 6°v6 8°1L6 tsd y3jbuaals a|jsual Aiq
- _— - - Ce e e uojjeanies ¥

8°9 8°9 L L9 © ottt t % ‘SPIOA 4LV
pevye - - A}}AR4D O} 4108dS wnuiXen
692°¢ 69¢°¢ 19¢'¢ 0lc¢°¢ * * A3pARID O 4|08dS NG
8 I . ¢ -+ s e+ s+ yowpoads

6£0900 NOISAQ XIW

020 QI 68 ddHS

G pualg ‘€0Zy¥00 °'ON gel 1103 3ieydsy

70



I 4%
0°¢tt
y°96
6°S9

¢'L

abedaAy

B°IE 8'IE £ve
8°G9 L°99 9°69
¢l ¢l vl
8G¢°¢ 6G¢°'¢c pS¢'¢
8 L S

g've

G°69

0°L

9°9

e 41 4K/

£€9¢°¢

gle’c

9

. . . . . . x QO?“mm
Bui33t1ds aLsua)l abedaay

— tsd yjbueuis o8| sual oM

G°G6 £°v6 6°v6 isd yjbuadls a||sual A4q
- — - Cee e e uojjeJnies ¥

S L 9°1 L9 * ottt t % ‘SPioOA dtY
— A31ARID O} 4100dS wnuwXey
t6¢°¢ 0G¢°¢ tle°¢ * * A3pARJD D} 4108dS KIng
. e 2 o+ v+ e+« yawpoads

020 QI 68 ddHS

6£0900 NOIS3A XIW
(vd) VIOH03D ILINVYO NVOINA
198¥-Q WISV - OILvVY HION3IYLIS 3TISN3L

9 pue|g ‘p0Zv00 ‘ON gqel 110 3teydsy

71



v 6c

8°L2
v°v6
A8 4]

0°L

abeaoay

. e & . » * QOf&wz
Buill}ldS @ sue) sbBIBAY

¢ 82 6°9¢ [ 4 0°€¢ - - - - }sd yjbueuals o sua) oM
- - - -~ ¥°00L €06 L'96 €°06 tsd yjbusuls ojsuay £uqg
L°€9 9'¢9 L2 4" ¢°s9 - —-= - - S uojjednies x
0°1L ¢'L 0°L 0°L v°L 9°'9 6°9 ¢l Tttt t X 'SPIOA JLY
123 A4 A3pARID D} 4)03dS wnwixen

£€92°2 6G2°C €92°¢ ¥92°¢ §Ge¢°C gle'T 99¢°¢ 6S¢°¢C * * A3}ABJD O} 4}08dS ying
8 14 e ! L 9 S € S 1= TR L

L pualg ‘S02v00 ‘ON qel 110 lLeydsy

6£0900 N9ISIA XIW
(vd) VIDY03ID FLINVHD NVOINA
198%—0 WISV - OILVH HIONIYLS ITISNIL
020 aI 68 duHS

72



£ te

8°8¢
G 98
L°€9

6°9

abeasAy

. » - . . . * ao"“mz
6uiq341dS | }sua) abedany

g'le v°6¢ 1°6¢ 1°6¢ ~— - - —_ tsd yjbueuls o jsus) oM
- - - -~  8°16 9'28 928  8°'88 ksd y3bueais esuel Aug
§°¢9 6°99 8°6S 1799 - - - - Ce e e uopjednies %
1L 8°9 6°9 L9 6°9 6°9 6°9 6°9 ottt % “SPIOA JLY
143 A4 - A3ARAD O} 4400dS wWnwiXep

l92°¢ 89¢°¢ 99¢°2 ble"e  §9¢°¢ 192¢'¢ 192¢'C l9¢°¢ * * A3LABJD O} jDadS MLNg
L £ 4 I 8 9 g 14 ettt ottt uswpoads

g pualg ‘902¥00 °ON qel 1) 3leydsy

6€0900 NOIS3a XIW
(vd) VIOH03OD FLINVYHD NVITINA
198%—0 WISV - OILlvH HLON3HLS ITISNIL
020 QI 68 dYHS

73



1762
'8¢
6°96
8°99

L

abeaaAy

X% ‘ojiey
Bujq31ds o tsual abeuasAy

vt v°62 0°9¢ 8°ve - - - - }sd yjbuaals 9| sual JaM
-= - - - G'G6 G°G66 010l G°G6 tsd y3buauys efsual Aug
8°t9 G99 0°69 8°89 - - - - tt Tttt ouoljednies X
8'9 L°9 v'i §°1 0°2 'L 8°9 €L ottt X 'SPIOA 4ty
-- veEy-e --—-——- A3LAed9 D1 }}03dS wnwixen
692°¢ tL2°C 9S¢'¢ 1ST°¢ ¥9¢°¢ 89C°¢ 89C¢'C¢ lGe'¢ * " A3jAR4D DL4408dS yINng
8 9 v I L S £ ¢ Tttt ottt uauwpdads

6€0900 N9IS30 XIW
(v4) VISHO03D FLINVYHD NVIINA

€1 pua|8 ‘622800 °ON qel 110 3leydsy

198Y-0 WiSV - OILvYd HIONIFYLIS IFTISNIL

020 QI 68 duHS

74



§°8t

£°Ge
9°16
0°69

L

abedaay

t£°ve

v°89
(s
09¢°¢

8

L°g¢ 0°L€ 1°9€ - - -

- - - £°06 8°88 £ vé

vl ¥ 89 L 19 -- - -

6°9 L (] €L ¢t L9
————- -- vev'e e

§9¢°¢ 092°¢ 092°2 1S2°¢ 6S2°C 0L2°2

L 14 4 9 S £

6£0900 NOIS3Q XIW
(Vi) VvISHO3D JLINVHD NVOINA

X% ‘opjey
Bul13}|dS a|isua] abedaAy

— }sd yjbuaals ajjsuaj 31aM

0°€6 rma yibusuils alsual Aug
_— ** ottt uojjednles %

0°L Tttt vt X ‘splop Jty
|||||| A3LARAD O} J108dS wnuwixepy
v92°2 * ° A31AeJD D}4100dg dy|Ng

usuij o8ds

vi puslg ‘0£2800 °"ON gel 110 1leydsy

L98Y-0 WISV - OILvY HION3HYLIS 3ITISNIL

020 aI 68 dYHS

75



9°9¥

6°cy

0°¢6

6°99

6°9

abedaay

98¢t G'9y £ iy €°Gv - - - -=
-- - - -- ¢'I6 ¥°96 8°88 8716
749 ¢'P9 §°99 L°S9 - - - -
LA} L°9 0°L 9°'9 89 6'9 0°L 8'9

. vey-e ——- -
G522 122 -€92°C ¥le'Z 892°T 192°C ¥9TT 692°2
8 9 [4 i L S 14 £

6€0900 NOIS3Q XIW
(vd) VIDH03D JLINVYHD NVIINA

020 AI 68 dHHS

SI pualg 1€¢800

198y-0 WISV - OIivYH HIONIYLS IFTISNIL

X ‘opjey
Bup33i1ds aLLsua) abeusAy

isd yjbuauals afjsual 3IaM
psd yibuauls 8| sual Auq

uojlednies %
Pttt % “SPIOA 4ty
A3LARAD O} j100dS wnwixey
* * A3pAe4D O 4109dS iLng

uawjoads

‘ON gel 119 3Leydsy

76



L°89

¢ly

L°89

§°99

(]

abeJdaAy

X ‘oley
Bui3i}1ds e sue) abedsay

— tsd yjbuadls ajjsuaj 1M

P8y v'8y LW vlp -- - -
-= -~ - -~ 1'99  8'S9  6°}L
99 8°89 [ 4¢) 0'v9 - -~ -
v:L 99  v'L 0L 0L 2L 0L

- e 1 A A
sz z  EL2°T ST  ¥9T'T  €92°Z 8SZ'Z  ¥92T
L S 14 | 8 9 L4

6£0900 NOIS3A XIW
(vd) VvIODHO3D FLINVHO NVOINA

v oL 8d yjbuauls aipsusy Auq
—_— * o+t * * * yojjednies ¥
6°9 "ottt t X ‘SPLOA JLY
A3pAedY 2} 4108dS wnulXen

992°2 "+ A34ABJD D} 4|08dS y|LNg
€ © o+ o+« + « + yowpoads

9L pualg ‘ge2800 °"ON Qe 110 3leydsy

198Y-0 WISV - OILlvd HION3YLS ITISNIL

020 QI 68 duHS

77



Y

L°v6
g'eel
¥°99

6°9

abeaaay

X ‘oley
bulir|ds ajpsua) abeusay

G°G6 6°v6 €°v6 £°v6 - - - - psd yjbuauls afsual I9M
- - - --  0°I€t ¢ 6ct 8 0¥ IARANE tsd yabuaiis aisuay Auq
G°99 ¢ 19 6°19 0°¥9 - - -~ - Yttt uojjeudnjes x
0°L 8°9 6°9 6°9 0°L L9 L L9 Tttt % SPIOA JY

1 4% A A3)AeaD O} j1o0ds wnwixey

€9¢°¢ 89¢°¢ G92°¢ 192°C €92°C O0l2'C 29¢'T 22 * * A3}AeaD D} 340adS Y|Ing
¢ 9 £ } 8 S 14 [/ Tttt ottt uswpoads

6€0900 NOIS3IA XINW
(Vd) VIDHO3D FLINVYD NVOINA

6 puelg ‘9.0900 "ON qe7 110 3leydsy

198Y-Q WISV - OILVd HIONIHIS IFTISNIL

020 QI 68 duHS

78



1°S9

0°G8
v 0tlL
¢'89

6°9

abeaaay

X ‘ojey
Buj33ids @ sua) abedday

4] £°98 1°68 c'v8 —— - - - tsd yibuauls ajjsuaj 1M
- - - ==  97iEl L°pEL §°8¢1 £ L2l tsd yjbuails ajsual Aug
§°¢cl £°19 £°t9 L1769 - - - -- Cee e uojjednies %
6°9 L9 (] 8°9 £°1 ¢’9 £l L9 *t ottt % ‘SPLOA 4ty
vey e --- - A3LARJD D) 08dS wnuyXep

G9¢°¢ 0L2°¢ 09¢°¢ 69¢°¢ 1§2¢°¢ ¢8e"¢ 1§2°¢ cLee * * A3pABJD O} 4}Dads yng
9 L4 e I 8 L G £ ottt ottt uswlodeds

6€0900 NOISIA XINW
(vd) VISHO3D FLINVHD NVIINA

0} pualg ‘110900 °ON Qel 110 3leydsy

198v-0 WISV - OILVYH HLON3YLIS 3ITISNIL

020 QI 68 ddHS

79



S°v9

9°06
v ovi
LG9

6°9

abeJdAY

X ‘oliey
Buj334|ds e |sual abessay

y°26 y°68 8°88 8 16 - - - - jsd yjbussls | jsual 18M
- -- - -~ 6"2vk 6°8EL L°SG¥L  LTVEL tsd yjbuails eLpsual A4Q
0°19 L°v9 0°99 8°99 - - - - c e e e e uojijednies %
8’9 6°9 8'9 (] 1L 9°9 £°9 ¢l Tttt t X 'SPIOA ALY
e e e PP G - K3LAR4D D} }108dS wnwixXen
692°2 192°C 892°C 292°¢ b9z'¢ wlZ°¢ 0BZ'C BGCC * * A3pAeJD D14108dS YING
L 9 ~ } 8 S 14 € s+ttt st uBwpoads

L4 puaig ‘810900

6£0900 NOIS3A XIW
(vd) VISY03ID FLINVYOD NVIINA
1987-0 WISV - OILVY HIONIULS ITISNIL
020 QI 68 duHS

‘ON qE7 110 3Leydsy

80



§G°99

6°G8
0°1El
0°99

L9

abeaany

1S58 6°98  1'88 928 - - _— —
-- - - - 0°02F 9°IEL  E£°6EL  L°EEL
€99 2°69  £°99  E£'€9 — - — —
9 L9 §'9 69 'l v'9 89 €9

L A A —— —————

. §l2'e 2le'e  Sle'T  S92'T §§2'C  BLZ'T 692'C 0822
L £ 2 I 8 9 X v

2} pusla ‘610900

6€0900 NOISIA XINW
(vd) VvIDHO3D ILINVHD NVOIINA
198Y-0 WISV - OILVY HION3YIS ITISNIL
020 QI 68 diHS

% ‘oljey
6uLy3i1ds o sua| abedaay

}sd yibuauals afLsual oM
1sd yabuauays 8| psuay AuqQ

uojjednies %
.+ e .+ 5 tSPLOA A1V
A3LARAD O} 4i0adS wnwiXep
* * A3}1ARJD D} 340ads dyLng

uau oadg

"ON el 110 3{eydsy

81



G'E9

L°101
¢ 654
L°99

L9

abvuaaAy

0°804

9°19

S°9

- o (e S o o o i S e > 2

GL2°¢

L

9°t6

¢'99

S'9

9L¢°¢

§

SE0i ¢'66 - - - -
- -- 0°99F v-"e¢Sk 0°99F £°¢St
8°99 0°99 - - - -
89 kL 6°9 6°9 9°9 9°9
veEy -2 -- -

.692°¢ 092°¢ 992'¢ 192°¢ vle'e Eli‘e
€ I 8 9 14 4

6£0900 NOIS3A XIKW
(vd) VISH03D FLINVHD NVIINA
198¥-Q WISV - OILvd HION3Y1S 3TISN3L

020 QI 68 dUHS

L} pualg ‘€10L00

X ‘otjey
fuLy3L1ds 8| sud) abedaay

tsd yjbuauls aLLsua)l oM
tsd yjbuaais aLsua)l Aaq
. P uojjeJanles %
% ‘SPIOA a4tV
A}pARLYD O J100dS wnwixXen
* * A3LAedY O 4408dS NG

uauip oads

"ON qe7 113 3Leydsy

82



G°t9

L°G6
L° 06l

8°v9

abe.daay

V68 G 96 9°86 2°66 - -- - -
- - - -- 6°9vi ¥°6¥IL L GPL L7091
€99 6°¢t9 (28 4 L9 - - - -
0'L 6°9 S'9 LA 9'9 L9 L9 8°'9

- 12 A4 -
€9¢°¢ §9¢°¢ Gle'¢ 8le¢'¢ wleZ'e o0l2°C2 0L2°2 692°¢C
9 S £ I 8 1 14 4

6£0900 NDIS3IQ XIW
(vd4) VISH03D JLINVHD NVIINA

81 pua|g ‘vi0.00

198¥-0 WISV - OILVY HION3YLS 3ITISNIL

020 QI 68 duHS

X ‘ojjey
BuE331ds @ suaj abedaay

tsd yjbuails 8| Lsud) J19M
tsd yjbuauls ai|sua) Auq

uojjednies ¥
Tttt ot % ‘SPLOA 4ty
A31ARIY O} }10adS wnwixXey
* * A3jABJ4Y O} 4|00ds N|ng

uawoads

‘ON qe1 110 3leydsy

83



6°v9
£°89
8°68
}°69

6°9

abeuaaAy

% ‘opjey
Bur33)1ds o] sua) abeaaay

176§ L°69 ¢ 89 L°6G - - - - }sd yibuauals a|Lsual oM
-- -- -- -- §°¥8 ¥°68  9°06 6°¥6 1sd yjbusuils 8psuay Aug
¥°§9 G°99 8°¢t9 L'v9 - - - - SR uoijednies ¥
A} 6°9 G'9 LoL 0°L 6°9 0°L 6°9 ottt % “SPIOA Jty
————————— vevee - A3LARID O} 4100dS wnwixey
6G¢°¢ l9¢'¢ 9l¢'¢ l9¢°¢ ¥9¢°¢ 992°'¢c  v9¢'¢ l9¢°e * * AJpARLD Ol 40ads yIng
l 9 14 e 8 g £ i Tttt ot ottt uawydadg

6€0900 NOIS3A XIW
(vd) VIOH0ID ILINVHO NVIINA

6l puaig ‘SI0L00 °ON qel 710 3leydsy

198Y-0 WISV - OILVY HION3HLS 3TISN3L

020 QI 68 diHS

84



v t9

0°€E6
9°9vi
v°S9

8'9

abeaaAy

% ‘ojjey
Buplqlds 8| sua] abeasay

v°E6 L°G8 8°66 6°¢6 - - - - isd yjbuauls ajlLsual j9M
- - -= -~  ¥'Gri 8°svl y Syl 0° 04t sd yibuauls a|jsuay Aug
0°99 ,m.mw L'v9 ¢°69 Bty - - - Ce e uojjeunjes
b°L ¢l 9°9 9°'9 9°9 8°9 0°L 8'9 Tttt % “SPLOA JLy
——— ————— YT -- — A3EARLD D 4108dS wnuwiXey

19¢°¢ 6G92°¢ vl¢'C¢ Ele¢'¢ vL2'¢ 892°C v9¢°¢ 89¢°¢ © * A3AeJD DL 4108dS NG
8 S £ } L 9 v 4 ottt ottt uswydaeds

6€£0900 NOIS3A XIW
(vd) VI9H03D ILINVYHD NVIINA

0C pueig ‘91000 "ON qel 7id 3Leydsy

198Y-0 WISV - OILVY HION3YIS 3ITISNIL

020 QI 68 dHHS

85



6°9G

L°0§
0°68
1°G9

6°9

abeudsAy

X ‘ojley
6ujl311ds 8| Lsua) abeuaaay

G°Is 6°0S 9 6y 6°0G - - - - 1sd yibuauls 8 sua) 18N
- - - -—  0°16 168  9°98 168 tsd yabusulys aLtsual A4qQ
9°99 6°v9 6°99 L°¥9 - - - - Ce e e uojjeanies %
0°L 0°L 6°9 G°9 9°9 L9 vl 0°L ettt 0 X 'SPIOA JLY
90v “ 2 A31ARAD O} 4108dS wnwixey

12} XA l€2°2 ove'e¢ o6ve'ec 8beZ'C 9¥e°¢ 12¢°2 Lge°e * * A3pAedD ot 4poads ding
8 9 14 e L S £ I * sttt ot uBwldeds

V-i¥0900 N9IS3Q XIW
(74) 143HO svx3il

¢ Juauodwo)d ‘802¥00

"ON qe7] 110 3leydsy

198%-0 WISV - OILlvd HION3IYULS ITISNIL

020 OI 68 duHS

86



44

9°6G
(-1
I°§9

6°9

abrvJieay

i-—

. - . . . Y “ QO—-““m
BuL33t1ds e |sua) ebeuasay

L°vS y°c9 v°29 6°89 -~ - - - }sd y3buallys afjsual 8M
- - - -—— 1"2EL  1'2EL  L°8EL  1°BEl tsd yibualls ejsual Auq
0799 9°v9 p°99 ¢'v9 - - - - I uojjednies %
1L L9 L°9 o.h L9 ¢l 6°9 L9 *ttc "t X ‘Splop 4Ly
90V "¢ A3LABID O} J108dS wnwixey

GET°CZ vbe'C v¥e'Z 8EC'C vve'¢ €E€CC lvC'Cc 9ve'e * * A3pAeap O} 3109dS YINng
8 L 14 € 9 S c I Tttt ot ottt uBwjdads

G jueuodwo) ‘€£2800 "ON qel 110 3Leydsy

v-190900 NDIS3a XIW
() 1¥3IHO Svx3al

198%-0 WISV - OILiVY HIDN3Y1S FTISNIL
020 QI 68 dYHS

87



¢ oy
1768
1799

¢l

abedaAy

Y . . . - . x QOP“NN*
Bupl31ds 8| tsua) abe.day

g Gy L'ty 8 gy (O] 4 - - - - 1sd yjbuauals ajLsua) 18pn
- - - --  L°I6 1°16 €£°S8  §°I8 tsd yibuauis 8|fsual Auq
6°59 1°99  L°S9 2°99 -- -- - - NNEE uocjieuanies %
6°9 bl Ad] §°L 9°9 (Y] VL 8°L Tttt ot t X ‘SPLOA JLY
90V "2 A34ARID O} }}0adS wnuwiXey

ip2°Z 9€2"¢ -2gc2'T 9%2'¢ lve 'z 9E2"Z 8Ie'e 6ie°? * * A3}pAe4D O} 3108dS qINg
9 g £ 4 8 L v ! torot ot ottt uBwdeds

. G pusig ‘t02y00 °ON qel 1iJ 3leydsy

v-1¥0900 NDISIA XIW

(14) 1H3IHD SvX3al
198P-0 WLSY - OILvYd HIONIYLIS 3ITISNIL
020 QI 68 duHS

88



L €S

214

9°06

8°G9

6°9

abraoeAy

e o o & e @ “ao_.u.mx
fu|3311ds | |sua} abedaay

L 6V G°2S S oy 6"tV - - - - tsd yjbuails a|jsua) 18M
- - - - 6°v6 L°16 0798 8°68 tsd yjbuedis ejsual Aiq
0°99 £°99 6°99 1°G9 —— - - - Cee e uojjeuanies %
6°9 6°9 L9 0L 9°'9 6°9 L9 ! * ottt X ‘SplOA Jiy
0¥ °¢ A3LABID D} 3100dS wnwLxey

ive*e ove'e vve°e Lge"¢ gve°¢ ive'e vve"e g€g°¢ * " A31ABULYD D 4108dS King
9 g € } 8 ] 4 4 * ottt ot ottt uawpoads

9 puselg ‘p0Zv00 °"ON qe1 113 3{eydsy

v-1¥0900 NOIS3Q XIN
(W) 1¥3HO SvX3i

198v-Q WISV - OILVY HION3ULS ITISN3L
020 QI 68 duHS

89



£°09

£°es
G°88
v°v9

89

ebeJudAy

X ‘opiey
fui3341ds e jsue) ebedaay

- $sd yjbueuls o] |suaj IoM
L'16 tsd yjbueuys aysus) Auq
——— L] - - L L] . :o*awhsuww M

N-O . . [ 3 . 3 a uwu_v°> L_.<

v°8y G°ES £°1S [ 4°] - - -
== == == - §°88 v'v8 c'68
6°v9 y°v9 6°v9 G°E9 - _ -
0°L L9 L9 9°'9 89 6°9 0°L
90v°¢
le2°¢2 Sp2°C ¥¥2'T Lvete E¥Z T lpe°e lEZ'C Spe°e
L ] € c 8 9 v

V-1¥#0900 NOIS3AQ XINW

(¥) 143HD svxal

A3LARID O} J108dS wnu) Xy
* * AjpAeJ4D DL 310RdS LY

i c e e h e e e

uaw}oads

L puslg ‘G0Zr00 °"ON Qe 110 3ieudsy

198%-Q WISV - OILVY HION3HIS IFTISNIL

020 QI 68 dYHS

90



€709

| 2 37

¢’g8

v'y9

0°L

abraaay

9°1§ 1214 £°0S U 4]
8°v9 8°'v9 8°'¢t9 £'v9
0°L b°L ('] 9°'9
BEC'C 9EC°C vEC'C 8¥C°C
9 ] € [/

. . . . . . * -O—.“Qx
Bu33)1ds 8| lsus) abeuary

—_ isd yjbuedys a||susj oM

v°-68 9°18 | 2% v°v8 }sd yjbuedis a|jsual A4q
_— - _ _— Ce e uojieanies %

9°9 L9 L (' Tttt X 'SPIOA JLY
90v ¢ A3pARAD D} 4108dS wnuifXep
lve'e GpetZ 822'¢ 9EL°C * ° A31ABUIY D} 4103dS Ning
8 1 v N s+ e+ . -+« uyawpoads

Y-19#0900 NOIS3A XIW

() LY3HD svx3l

020 QI 68 d¥HS

8 pue|lg ‘902v00 °ON Qe 110 3leydsy

198¥-0 WISV - OILvd HION3HLS 3ITNISN3IL

91



0°9S

0°tS
9°¢6

¢y

abeaaAy

% ‘opjey
6ujq3iLds eLjsua) abeudsAay

62§ (S 4] 8Ly v6v - - - - psd Yijbueuys e|Lsual 1M
-- - -— - 2°68 2°68 6°v6 6°€6 sd yjbuedys afjsusl AJ4gQ
c°v9 8°t9 €°69 v°€9 — “" - - - Ce e e uojjednies %
£°L vl vl A §°L 9°L (A} 8°9 Tttt % 'SPILOA JLY
90¥°¢ A1pABUD O} J00dS wnuwiXep

0€2°2 622°¢ 622'¢ €€2°? 9Z2°T 22e'e eeete cvete * * A3LAeJ4D D}4}08dS }LNg
L 9 14 ¢ 8 S £ } sococ e sttt uBWEDBdS

v-170900 N9IS3IQ XIW
(4) 1Y3HD svxil

€} pus|g ‘622800 °ON qel 110 2leydsy

198Y-0 WISV - OILvd HIONIHULS FTISNIL

020 GI 68 duHS

92



€°89

6°¢tS

¥°26

v*L9

L9

abeasay

9°¢S S°vs 6°9¥ v°29
€°19 0°69 0°0L 1°€9
6°9 0°L L9 0'9
6€2°2 lE¢°¢ vve'Z 192°¢
L 9 S i

9°9 8°'9 8°9

¢ a4 0 s 0 * —Ov“ﬂm
Buj33i1ds e |sual abesany

- }sd yjbueuls af|sual 39M
0°06 tsd yjbueals a||sus] Aug
- b e e uojjednies x
9°'9 * ottt ot 0 X ‘SPIOA J4LY

A3LARUD O} 4108dS wnwiXey

90y°2

ve'e eve'e evee

Y-1$0900 NDISIA XIW
(74) 1¥3IHD Svx3L

020 QI 68 duHS

8ve°2 * * A3lAe4D 01 4}108dS Y|INng

2 [ COEfQ@QW

vI puslg ‘02800 °“ON qel 11D 3leydsy

198¥-Q WISV - OILlvd HIONIFYLS ITISNIL

93



6°99

¢’ LS
§°G8
£°69

6°9

abeadAy

« 8 e e e “uO—.Hmm
B6up33t1ds 9| tsusj abeidaAy

€°9S  S°pS  2°8§ L°6S - - - - tsd yjbussls 8| fsual 18M
- - - - £°€8 1°58 £°98 218 tsd yjbuauys aljsual Aug
§'69 £°69 €°G9  6°V9 - - - - « + + + « + uopjeanies ¥
L9 vL 99 8°9 89 0L 6°9 0°L Tttt ot ot X ‘SPIOA JLIY
90y "¢ A3pAedd O} 4)00ds wnwixen

9¥2'Z 132°C - 8¥2°Z cve'T Eye'e 8EZ'T 6E2°C 8EL'T * * A3pAedY DL4408dS King
8 ] 4 b 9 S ¥ € « + s+ s+ -+ uyawjdads

v-190900 ND183a XIW

(4) LYIHO svxil .
v HibN3ML8 F116N3L
89 duHe

Losy-d Wisv - onw
oeo d

Gl pueld ‘I£2800 °ON Q81 110 3leydsy

94



¢l9
9°8Y
A
£°99

L

abBJeAyY

X ‘oLiey
Bup33p1ds o|lsua} abedaay

G°€s G 09 6°sv vy -= - - -- sd yjbuedls a|jsuaj J8M
- - - - 6°LL Vel £°0L v°€ElL tsd yjbuaaiys atjsus) A4q
1°99 1°19 8°99 1°G9 - - - - Cee e uotleanies x
S°9 9°9 §°L vl g9 9°9 V'L "8 Tttt X ‘SPIOA JLY
11] A A3LARUAD DL J108dS wnwiXepW

6vc"C Lve"¢ G2¢°C 6¢¢°¢ 6¥e'¢ lvete 8e¢'¢ clee * * A3LAB4D O} j0adS jing
8 L ¢ } 9 ] 14 € *otot ottt ot uswpdeds

V-190900 NOIS3IA XIW

(7)) 1H3HO svxil

9} puslg ‘Z€2800 "ON QB1 110 3| BYydsy

L98%-01 HiBY - OIlvd HION3ULS 3118N3L

020 at 88 duHs

95



9°0¥

C'ES
0°iel
9°'v9

8'9

abedaay

¢S §°09 "R AY A4 - - - -

- - - -= ¢°CEL TTIEL 970EL 6°6CH

2’99 8°v9 L°v9 AR 4" ~-= - - -

L9 9°9 0°L 0°L L9 6°9 L9 9
90V ¢

yve e lve'e G¥e"¢  8€Z'¢ G¥eZ'C lvetZ  vvete  0G2¢°¢

9 ] [ 3 8 1 14 £

- . . . . . x 50?“.“”&
buL1341ds 9| Lsua) abedsAy

tsd yjbuauls a|jsual 18M
tsd yjbusadiys ajLsual Aug
... © + « + uojjeINIES %
=ttt ot % “SPLOA JtY
A3pARUD O} 4108dS wnwi Xy
* * A3pAeaY oL 4100eds Hing

. . ) . - - . . :wE_'owa

6 pualg ‘9.0900 °ON gel 110 3ieydsy

VY-1¥#0900 N9OIS3IA XIW
(1Y) 1Y3HD SvX3lL
L98%-0 WISV - OILvY HLIONIYLS 3TISNIL
020 aI 68 duHS

96



6°LY

L°9G
¢ Lt
9°v9

6°9

abeuaaay

X ‘opjey
Bui31)1ds e suel ebe.aany

9 4] 6°89 6°89 G°2S - - - - }sd Yjbuedls e||sus) 1aM
-~ - - ~— 8Lk 8°LLL  E°SHL 8 LML tsd yibusuys e|sua) Auq
humo ¢°v9 ¢°99 £°99 -= - -- - ottt ' ouojjednjes ¥
Ll 6°9 L°9 6°9 8°'9 69 gL L9 Tttt % 'splop JLy
—— 90¥ "¢ A3pARLDH O 4108dS wnwlXep
9€¢°¢ Ive'¢ vveZ 6E2°C 2ve'C 6E2'C 0€2'Z S¥e'? * " A31ABJD D1 4108dS Y|Ng
8 9 € ! l S v FA Tt ottt ot ¢ uBwioadg

V-1¥0900 NOIS3IA XINW

. (T4) 1¥3HO svxial

OF Pualg ‘170800 "ON Qe L) 3leydsy

198Y-0 WISV - OILVH HION3IYLS ITISNIL

020 QI 68 dYHS

97



ey

€29
beiel
vv9

6°9

aburaeAy

p'6y  L'99  9'vb  9°89 - - -- --

- - -~ -~ 9'tel  vrozk el o'lel

6°€0 9°€E9  ¥'S9  8°'¥Y -- - - -

0°L 6'9 €l g°9 0°L 8'9 0°L 5°9
90b°2

BE2'2 O¥2'Z LE2‘Z 6¥2'T Sspe'e we'e leX'?  Ove'?

8 g '/ £ L 9 4 I

Y-1#0900 NOIS3IA XINW
(d) 1¥3HD Ssvx3l

L1 puelg ‘8L0900

198v-Q WISV - OILVY HIONIULS IFTISNIL

020 AI 68 duHS

X ‘ojjey.
Buq341ds 9L psua} abueaaay

15d Y36UBIIS 8| }SUBL 18M
{sd YiBuedig efsusy AdQ

uoj3eanies ¥
et st 0 X ‘splop JlY
A3LARID O J100dS wnwixey
* * A3}AeJp D}40eds yLhE

uaw} oadsg

*ON qe7 110 3leydsy

98



114

L°6G
0°tclt

6°99

obvaeAy

1°€9 0°8S 1 £ 9°09 - - - -=

-= - -= -- ¢'9L 9'eet LTicL 9°Ect

8°69 1799 0°99 L1799 - -- - -

6°9 8°'9 1L 89 6°9 L9 0°L 6°9
sov°2

6€2¢°¢ eve'¥ GE2°CT E¥T'C Ive'e v¥'C 8eT'C Obe°e

o S 14 [/ 8 L £ '

V-4#0900 NOIB3Q XIW

(W) 1Y¥3IHO SVX3L

g} pusld ‘6L0900

198%-0 WISV - OILvHd HIDON3YLS 3ITISNIL

020 QI 68 duHS

- . - e o . x —o‘.“mm
Bujy3|1ds ajjsusy abeaaay

tsd yibuauls mpvm:m»_amz
tsd yjbusuis ajrsual Aug

uojje.anjes ¥
ettt % ‘SPIOA JtY
A3pARAD O J)o0ds wnuwfxep
* * A3ABID D} }08ds yLng

. . . . (] [] 8 .

ueuw}oedg

*ON 487 110 3Leydsy

99



B'EY

8 1L
6°c9l
8°t9

v°9

abeuoay

¢ 9l v-9l R 4 ¢'El -- - - -

-- - - -~ 2°19t 8°l9L 2°6SL 2°l9l

G°€E9 9°¢t9 8°¢€9 | AR 4" - -~ - -

9°9 1°9 v'9 §'9 S°9 0°L 0°9 ¢'9
90¥°¢

8v¢°¢ 09¢°¢ - 19¢°¢ 0S§2°¢ 092°¢ S¥¢"¢ ¢9¢'¢ lS92°¢

8 9 14 1 1 ] [4 I

V-1¥0900 NOIS3Q XINW

(7¥) L1¥3HO Ssvx3l

Ll puslg ‘€10L00

198V-0 WISV - OILvd HION3IYLS 3ITISN3L

020 GI 68 duHS

X ‘oiiey
6u}33iLds 9L}sus] ebeuaAy

}sd yjbualsls e |sua] 19M
t8d yjbuauys ajisual Aug

uojjeuanies %

X ‘SPIOA 41V

A3LARLY DO} j)0ads wnwixep

* A3fpAea oLyi0ads King

uawloads

*ON Qe 110 3ieydov

100



9°Evl
L°y9

L9

abe.laAy

% ‘ojpey
U314 1ds @i sual abeday

- 1sd y3buesls oL Lsus] oM

1°29 L°E9 G609 0°8S - - -
- - - -— L'ivL b'8¥E 6°GvE S78E} tsd yjbuaays aLisual A4g
£°99 A 4] 0°v9 P9 - - - - Ce e uojjednies %
G°9 v°9 9°9 0°L 6°9 9°9 L9 S°9 *oeoc ottt x “SPLOA JLY
90v°¢ A31ARID O} }10BdS wnw|XeW
6¥2°2 1§2°¢ Lve'Z L1€2°T \¥Z'T 8¥e'T vyvete 0S2°¢ * * A31ABJD D1 300ds NG
8 L v r/ 9 G £ I L V- T T

V-1#0900 NDIS3A XIW

(74) 143HO svxil

gl pueld ‘v10L00 °ON gel 710 Ileydsy

198Y-Q WISV ~ OILvd HION3YIS ITISNIL

020 QI 68 duHS

101



¢’ 6S

G 1§

1°L6

1°99

8'9

abeJaaAy

. . . [ [ . x -O—.“wm .
Buyl31dS @l isuaj abeadAY

L°SS 6°8S G°09 8°vs - - - — tsd yibuedqs 8| sual oM
- - - -~ G'G6 €£°00L G°S6  1°L6 tsd yabuauls efsua) A4g
G°'S9 8°G9 2°99 8799 - - - - + o+« « + uopjeanies ¥
6°9 9°'9 L9 1°L 6°9 L°9 6°9 8°9 s sttt % “SPIOA JdLY
90y °2 A3LARID O} J108dS wnwiXen

ive e gy2'e 9veZ Gge"e ipe"e 9ve'Zz ove'e gve'd * * A3}Aedp O} 4loeds MLng
L S £ ! 8 9 14 c S R = [ T R Te B

61 puelg ‘SL0L00 °ON gel 110 3teydsy

V-1#0900 NDISIQ XIW
(4) 1Y3HO SvX3l
1987-0 WISV - OILlvHd HIONIYLS ITISNIL
020 QI 68 duHS

102



A4

1°€9
6°8v1L

9°'99

abuvJyaAy

« s s, s e ® &.O_.“mm.
Buiq341ds aLsus) abedaAy

- 1sd yjbuauils mpvm:mw wmz

G'19 6°99 €°1S §3°09 -- - -
- - - -—  B°'vFL  G°OVL  L°8FL 196 1sd y3bualls 8| psuayl A4g
y°99 9°99 9°99 L°99 -— -— - - SR uojjeanies %
8°9 9°9 £l (] 0°L £'9 G°L 89 vttt %X ‘splop Jv
90v°¢ A3LARIY O} S108dS wnuwixey
cvete lye*ez 0€¢'¢ 9€C"¢ lge*e §99¢'¢ Gee'e Evee * * A3pAedD DL 4108ds yLng
8 l 14 £ 9 g e I *oc ot ottt c  uswdads

V-1¥0800 NOIS3a XIW

(74) 1Y¥3HO Svxal

02 pualg ‘910.00 °'ON Qe7 113 3Leydsy

19890 WISV - OIivd HIONIYLS IFTISNIL

020 QI 68 ddHS

103



References

A S o

10.
11.

12.

104

Shell International Petroleum Company Limited. The Petroleum Handbook. Fifth
edition. 1966.

Oliensis, G. American Society of Testing Materials. Proceedings 33. 1933.
The Asphalt Institute, "State Specifications of Asphalt." July 1987.
Lewis, R. and Welborn, J. Public Roads. 22. 1941.

Hus, M. "Visbreaking Process Has Strong Revival." Oil & Gas Journal. April 13,
1981.

Root, R.E., and Moore, R.B. "The Use of Vacuum Distilled Conversion Residue
as a Component to Reduce Moisture-Induced Damage in Asphalt Pavements."

SHRP IDEA Proposal. July 10, 1989.

American Society for Testing Materials. 1990 Annual Book of ASTM Standards.
Volume 04.03. Philadelphia, PA.

Lettier, J.A., Tonne, C.D., and Wilson, N.B. "Waterproofing Aggregates with
Cracked Road Oils." Proceedings of the Association of Asphalt Paving Technologists
(AAPT). 1955.

Zanzotto, L., Faber, A.J., Foley, D.P., and Jeffries, R.B. "Hydrocracking
Residues - The Potential Source of Road Binders?" Proceedings of the AAPT.
1988.

SHRP. Asphalt: A Strategic Plan--1990. pg. 34. Washington, D.C.

Pfeiffer, J., and van Doormaal, P.M. "The Rheological Properties of Asphaltic
Bitumen." Journal, Institution of Petroleum Technologists. No. 22. 1963.

Heukelom, W. "A Bitumen Test Data Chart for Showing the Effect of
Temperature of the Mechanical Behavior of Asphaltic Bitumens." Journal of the
Institute of Petroleum. November, 1969.



13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

Heukelom, W. "An Improved Method of Characterizing Asphaltic Bitumens with
the Aid of their Mechanical Properties." Proceedings of the AAPT. 1973.

de Bats, F.T., and van Gooswilligen, G. "Practical Rheological Characterization
of Paving Grade Bitumens." Fourth Eurobitume Symposium. 1989.

Gaw, WJ. "Low Temperature Properties of Bituminous Materials and of
Compacted Bituminous Paving Mixtures." ASTM Symposium. Chicago, IL. July,
1976.

Goodrich, J.L. "Asphalt and Polymer Modified Asphalt Properties Related to the
Performance of Asphalt Concrete Mixes." Proceedings of the AAPT. 1988.

Shell International Petroleum Company. Shell Pavement Design Manual. London.
1978.

American Association of State Highway and Transportation Officials. Standard
Specifications for Transportation Materials and Methods of Sampling and Testing--
Part I Specifications. Washington, D.C. 1986.

Moore, R.B. Prepared Discussion. Proceedings of the AAPT. pg. 232-234. 1989.

van Gooswilligen, G., de Bats, F., and Harrison, T. "Quality of Paving Grade
Bitumen - A Practical Approach in Terms of Functional Tests." Fourth
Eurobitume Symposium. 1989.

Giavarini, C., and Maregrande, S. "Characterization Studies on Visbreaker
Residue and Bitumens." Fuel Science and Technology International. 7 (8). pg.
1121-1138. 1989.

Simpson, W.C,, Griffin, R.L., and Miles, T.K. "Relationship of Asphalt Properties
to Chemical Constitution." Journal of Chemical and Engineering Data. pg. 351.
October 1959.

Corbett, L W. "Dumbell Mix for Better Asphalt." Hydrocarbon Processing. April
1979.

105



	Abstract 
	Executive Summary 
	Related Research 
	Binder Preparation 
	Binder Evaluation 
	Methodology of Binder Evaluation 
	Arabian Heavy 
	California Heavy 
	Binder Evaluation in Bituminous Mixture
	Arabian Heavy 
	California Valley 
	Conclusions and Recommendations
	Appendix A
	Appendix B
	References

