Report No. CDOT-DTD-96-11

DETERMINING the DEGREE of AGGREGATE
DEGRADATION After Using the NCAT ASPHALT

CONTENT TESTER.

Randolph Reyes

Colorado Department of Transportation
4201 East Arkansas Avenue
Denver, Colorado 80222

Final Report
August 1997

Prepared in cooperation with the
U.S. Department of Transportation
Federal Highway Administration



The contents of this report reflect the views of the author who is responsible
for the facts and the accuracy of the data presented herein. The contents do
not necessarily reflect the official views of the Colorado Department of

Transportation or the Federal Highway Administration. This report does not

constitute a standard, specification, or regulation.



The author would like to express his gratitude to the CDOT Research Panel
which provided many excellent comments and suggestions for this study; it
included Donna Harmelink (CDOT Research), Robert LaForce (CDOT Flexible
Pavement), Tim Aschenbrener (CDOT Staff Materials), Ken Wood (CDOT
Region 4 Materials), Cindy Price (Region 1 Materials), R.J. Hinojosa (Region 6
Materials), Chuck McGarvey (Region 2 Materials), Charlie MacKean (CDOT

Staff Materials) and Paul Macklin (CDOT Geotechnical Section).



REPORT DOCUMENTATION PAGE FORM APPROVED

Publc reporting burden for tais collection of information is estimated to average 1 hour per response,including the time for reviewing instructions, searching existiog data sources,
gathering znd maintaining the data npeeded , and completing and reviewing the collection of information. Send comments regarding this burdeu estimate or any otfier aspect of this
coflection of information, including suggestons for reducing this burden, to Wasbington Headquarters Services, Direciorate for Information Operations and Reports, 1215 Jefferson

OMB NO. 0704-0188

Davis Highway, Suite 1 Arlington, rk Reduction Project (07044 . DC 20503.
1. AGENCY USE ONLY fLeaveBlant) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
August 1997 Final Report

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Determining the Degree of Aggregate Degradation After Using the NCAT Asphalt Content Tester

6. AUTHORS(S)

Randolph Reyes

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(S) 8. PERFORMING ORGANIZATION
Colorado Department of Transportation REPORT NUMBER
4201 E. Arkansas Ave. CDOT-DTD-R-96-11
Denver, Colorado 80222

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(S) 10. SPONSORING/MONITORING
Colorado Department of Transportation AGENCY REPORT NUMBER
4201 E. Arkansas Ave.
Denver, Colorado 80222

11. SUPPLEMENTARY NOTES

Prepared in Cooperation with the U.S. Department of Transportation, Federal

Highway Administration
12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
No Restrictions: This report is available to the public through the
' nformation Service. ingfield. VA 22161

13. ABSTRACT (Maximum 200 words)

The purpose of the research conducted was to determine if aggregate degradation takes place and to
measure the possible degree of degradation after bituminous mixtures are heated inside -he NCAT Asphalt
Content Tester. A study was conducted which compared the orginal aggregate blend (Control specimens)
to the residual aggregate blend (Experimental specimens) obtained after several bituminous mixtures were
heated inside the NCAT Asphalt Content Tester. The Control specimens and the Experimental specimens
used to produce the bituminous mixtures were the result of an aggregate sample which was split three
times. Two methods of analysis were used to review the gradation results. It was determined after
reviewing both methods of analysis, that the gradations of the bituminous mixtures used in the study were
not statistically different after being heated inside the NCAT Asphalt Content Tester. The aggregate
gradation correction factors that were required in this study were relatively low (less than one percent) and
were needed only in a few instances. However, this might not be true in all instances.

14. SUBJECT TERMS 15. NUMBER OF PAGES

ignition oven, aggregate degradation, gradation, degradation, ignition furnace 128

16. FRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified . Unclassified




TABLE OF CONTENTS

1.0 INTRODUCTION ...... .. i i c e

11 Background ............ .. i i i i i e

20 PURPOSE . ... ... i e e e e e

3.0 APPARATUS ... ..

3.1 NCAT Asphalt Content Tester ...............c. it iunn.n.
3.2 Basket Assemblies ........... .0t it i i e
3.3 Asphalt Mixerand Mixer Bowl .. ................. .. 00
34External Scale .............c. it ittt e
3.5No.-200Wash Sieve Screen . .............coiivtinannenn.
3.6 Set of Nine 203.2 mm (8 inch) Diameter Sieves ...............
3.7 Set of Three 304.8mm (12 inch) Diameter Sieves .............
3.8 Riffle Sample Splitter . . ... ...... ...t

3.9 Miscellaneous Equipment ................ .. 0 iiiviinns

40 PROCEDURE ........... .0 i ittt iaanns

4.1 Sources of Aggregate ...........:cieiiiiii e ans
42Aggregate Set Up ......... ...ttt iintnrnrnterareanenn

4.3 Separating and Splitting Aggregate . .......................

v



4.4 Combining with Hydrated Limeand Water ..................

4.5 Treatment of Control Specimens .........................
4.6 Rational for Mixing the Experimental Specimens with AC .....
4.6.1 Treatment of Experimental Specimens ..............
47 Gradations . .. ........ it e e e e
48 Methods of Analysis ................ .00 un
4.8.1 First Method of Analysis (Comparison of the Mean of
the Experimental and Control Specimens) ...........
4.8.2 Second Method of Analysis (One-to-One Comparison

between Experimental and Control Specimens) ......

5.0 GRADATION RESULTS AND DISCUSSION ...............

5.1 Analysis Method One (Aggregate Gradation Results) ........
5.1.1 Mean Differences Between the Control and
Experimental Specimens lllustrated for the
Franciscotti Aggregate Source ...................
5.1.2 Confidence Interval Figure Displaying the Upper and
Lower Limits for the Franciscotti Aggregate Source ...
5.1.3 Frequency Distribution lllustrating the Mean
Differences for the 9.5 mm (3/8) Sieve Size ..........
5.1.4 Frequency Distribution for the 54 Sieve Tests ........
5.1.5 Experimental Specimens that Appeared Coarser after

Using the NCAT Asphalt Content Tester . ...........

18



5.1.6 Summary of Results Using Analysis Method One . ... .. 25
5.2 Analysis Method Two- Aggregate Gradation Results ......... 27
5.2.1 AASHTO T 27 Precision (Single Operator) ........... 27

5.2.2 (Experimental - Control) Data Minus AASHTO T 27
(Single Standard Deviation Data) . ................. 34

5.2.3 Control Data Minus AASHTO T 27 (Single Standard

Deviation Data) .. . ... ... iiinnnnenan, 36

5.2.4 (Single Standard Deviation Data, Figure 8) .......... 38

5.2.5 Summary of Results Using Analysis Method Two ..... 40

5.3 Application of Comrection Factors ....................... 41

5.3.1 Testing for the Possibility of Aggregate Degradation ... 41

5.4 Aggregate Absorption Values ............ ... ¢cciicunn.. 43

6.0 CONCLUSION .. ... ... . i 45
6.1 Analysis Method One ............ ... i ianns 45

6.1.1 Mean Differences Between The Experimental and

Control Specimen Gradations .................... 45
6.1.2 Experimental Specimens that Appeared to be Coarser

after Using the NCAT Asphalt Content Tester ........ 45

6.1.3 Possible Reasons for the Variation in Gradation

Results .. ... ... it inin st antanannnnennnns 46
6.1.4 Student’s t-test . ... ... ... it i 46
6.1.5 Summary of Analysis Method One ................. 46

Vi



6.2 Analysis Method Two (One to One Comparison) ............. 47
6.2.1 (Experimental - Control) Data Minus AASHTO T 27
Gradation Data (Single Standard Deviation) .......... 47

6.2.2 Control Data Minus AASHTO T 27 Gradation Data

(Single Standard Deviation) ..................c.... 47

6.2.3 Figure 8 (Single Standard Deviation) ............... 48

63 Absorption Values ............ ... o iieninnnnanss 48

6.4 Summary of Analysis Methods Oneand Two ............... 49

7.0 RECOMMENDATION ..... ... ... .. i 50
8.0 FUTURE RESEARCH ......... ... .. ... . i 51
9.0 REFERENCES ........ ... . . . . i i 52

Vil



LIST OF TABLES

Table 1. Aggregate Source, Absorption, Mineralogy, Specific Gravity and

Location ........... .00t iinnrinttitnaraer e 8
Table 2. Number of Gradations Performed per Sieve Size ............. 12
Table 3. Data used to generate Figure 4. ................... .0 24
Table 4. Precision Statement from AASHTO T 27 .................... 29

Table 5. Percent of Aggregate Passing One Sieve and Retained on the

Next Finer Sieve for Each Aggregate Source .................. 31

Viii



List of Figures
Figure 1. Mean Differences lllustrated For Each of the Nine Sieve Sizes
Representing The Franciscotti Aggregate Source ...............
Figure 2. Confidence Intervals Representing the Upper and Lower Limits
For The Franciscotti Aggregate Source ............. e
Figure 3. Frequency Distribution Displaying The Mean Differences
Representing The 1.18 mm (# 16) Sieve ......................

Figure 4. Frequency Distribution Of The Mean Differences For 54 Sieve

Figure 5. Summary of the Gradation Results (Mean Differences,
Analysis Method One) ............ e e e e e nea e e
Figure 6. (Experimental - Control Data) Minus AASHTO T 27 (Single
Standard Deviation Data) ................ i innnnnnan

Figure 7. Control Data Minus AASHTO T 27 (Single Standard Deviation
Figure 8. Difference Between Figure 6 and Figure 7 (Single Standard

Deviation) ............. . i it rensmncennnnrennnsnansos

Figure 9. Absorption Values for Each Aggregate Source ..............

IX



List of Appendices

ANALYSIS METHOD ONE

APPENDIX A:

1. Mean Difference Figures for Aggregate Sources

2. Data Used to Calculate Mean Differences

APPENDIX B:

1. Confidence Interval Figures for Each Aggregate Source
2. Data Used To Calculate the 95% Confidence Interval Figures
3. Data From the Students t-Test

4. Gradation Results From Each Aggregate Source

APPENDIX C:

1. Frequency Figures for Each Sieve Size

2. Data Used to Calculate Frequency Figures

ANALYSIS METHOD TWO

APPENDIX D: DATA

APPENDIX E: CPL-5120



1.0 INTRODUCTION

The United States Environmental Protection Agency (EPA) is phasing out
chlorinated solvents used in the United States. These solvents have been
used in the past to remove the asphalt cement (AC) from bituminous mixtures
allowing aggregate gradations to be performed. The NCAT Asphalt Content
Tester (an ignition oven) has been introduced as an alternative to the solvent
extraction method. It works by removing (physically burning away) the AC

from the bituminous mixture.

Several companies manufacture ignition ovens, inciuding
Barnstead/Thermolyne, Troxler, and Gilson Corporation. The
Barnstead/Thermolyne equipment is known as the National Center for Asphalt
Technology (NCAT) Asphalt Content Tester and was used to generate the data
in this paper. The ignifion oven and the NCAT Asphalt Content Tester refer to

the same equipment in this document.

1.1 Background

in June of 1995, the Colorado Department of Transportation purchased and
received six NCAT Asphalt Content Testers manufactured by

Barmnstead/Thermolyne Corporation. The Central Laboratory located in



Denver, Colorado retained two of the ovens and distributed the remaining four
ovens to different Regions throughout Colorado. One oven in the Central
Laboratory was set up (electrically wired and vented) for use. The NCAT
Asphalt Content Tester was then evaluated concerning its effect on aggregate

gradations from different bituminous mixtures.



2.0 PURPOSE

The purpose of this experiment was to determine if aggregate degradation
occurs in a bituminous mixture when heated inside the NCAT Asphalt Content
Tester. In addition, if aggregate degradation does occur, to quantify the

extent of the degradation.



3.0 APPARATUS

3.1 NCAT Asphalt Content Tester--The NCAT Asphalt Content Tester is a
forced-air ignition furnace, with internal balance, capable of maintaining a
temperature of 538° C (1000° F). The NCAT Asphalt Content Tester consists
of an electronic housing unit, an oven chamber and an exhaust chamber. The
electronic housing unit is located underneath the oven chamber and is
separated by an air space. This area of the unit houses the electronic
controls as well as the internal scale used to monitor weight loss. The oven
chamber is located in the middle of the unit. The oven chamber is heated
electrically using ceramic heating elements. A hearth tray located inside the
oven chamber is supported by ceramic tubes which extend down to the
internal scale. The accuracy of the internal scale balance is verified by
placing calibrated weights on the hearth tray at room temperature. The
exhaust chamber is located above the oven chamber. An exhaust fan and

filters are used to control the smoke and fumes while testing.

3.2 Basket Assemblies--Two stainless steel 2.36mm (No. 8) mesh perforated
basket assemblies were nested on top of each other with a drip pan located
on the bottom of the assembly. This configuration allowed the bituminous
mixture increased surface area exposure and facilitated more complete

buming of the AC.



3.3 Asphalt Mixer and Mixer Bowl--A HOBART mechanical mixer (Model N50)
with an approximate capacity of 5 liters and capable of mixing approximately

1250 grams of aggregate.

3.4 External Scale--An AND 20 kg capacity scale accurate to 0.1 gram was

used in this experiment.

3.5 No. - 200 Wash Sieve Screen--A 304.8 mm (12 inch) diameter 0.075 mm
(No. 200) sieve was used to wash the minus 0.075mm (No. 200) material from
the Experimental and Control specimens before performing the subsequent

gradation analysis on the remaining aggregate.

3.6 Set of Nine 203.2 mm (8 inch) Diameter Sieves--A set of sieves having a
203.2 mm (8 inch) diameter, with sieve openings conforming to ASTM E-11.
The sieve sizes used were: 12.5 mm, (1/2 inch); 9.5 mm, (3/8 inch); 4.75 mm,
(No.4); 2.3 mm, (No.8); 1.18 mm, (No.16); 0.625 mm, (No.30); 0.3 mm, (No.50);
0.15 mm, (No.100): and 0.075 mm, (No.200). A ROTAP mechanical sieve
shaker (Model RX-29) was used to separate the aggregate into different

particle sizes.

3.7 Set of Three 304.8mm (12 inch) Diameter Sieves--A set of three 304.8 mm

(12 inch) diameter sieves with screen sizes of + 9.5 mm (+ 3/8 inch), + 4.75 mm



(+ No. 4) and - 4.75 mm (- No. 4) were used to separate the aggregate into

three different particle sizes prior to using the riffle sample splitter.

3.8 Riffle Sample Splitter--A sample splitter with 12, 37.5 mm (1 1/2 inch) equal
width chutes was used to split the aggregate. Four chute catch pans were

used.

3.9 Miscellaneous Equipment--A pan having dimensions of approximately (L x
W x H) 38 x 38 x 5 cm was used for containing the residual aggregate after
ignition. A steel wire brush was used to remove residual aggregate from the

steel basket assembly after AC burn off.



4.0 PROCEDURE

4.1 Sources of Aggregate
Six aggregate sources were selected from various geographical areas which

represented some of the varying aggregate types found within Colorado.



Table 1. Aggregate Source, Absorption, Mineralogy, Specific Gravity and

Location
AGGREGATE CRSE/FINE MINERALOGY | CRSE/FINE | LOCATION
SOURCE AGGR. AGGR.
WATER SPG
% ABSORB (AASHTO)
(AASHTO)
Franciscotti 0.9, N/A Sandstone 2.66, 2.59 Walsen-
Shale burg
Ralston 0.72, 1.03 Quartz 2.77, 2.75 Denver
Diorite
Valco/Rocky 0.9, 0.8 Decomposed 2.62, 2.61 Colo.
Mtn./Cas Granite Springs
Irwin Windsor- | 0.8, 0.4 Feldspar 2.61, 2.66 Fort
Stute Collins
Monk 0.8, N/A Granite 2.64, N/A Limon
Pagosa Trout 21, 1.7 N/A 2.54, 2.51 Pagosa
Lakes Springs




4.2 Aggregate Set Up

Six different (10000 gram) aggregate sources of grading CX, 12.5 mm (1/2
inch) nominal maximum, were set up together using six different aggregate

blend formulas.

4.3 Separating and Splitting Aggregate

In a attempt to reduce segregation, the 10K gram samples were separated into
three different sieve sizes, + 9.5 mm (+ 3\8), + 4.75 mm (+ No.4) and - 2.36 mm
(- No.4) using three 304.8 mm (12 inch) diameter sieves. The three different
sizes of aggregate were split individually three times using a riffle sample
splitter. The aggregate from each of the three sieve sizes were combined
which resulted in eight specimens of approximately 1250 grams each. This
method was used to increase the probability for an even split when the larger
aggregate sizes were dropped through the riffle sample splitter. To further
reduce the margin of error between specimens, the four Control and four
Experimental specimens were collected from alternate sides of the sample

splitter.

4.4 Combining with Hydrated Lime and Water



All eight (approximately 1250 gram) aggregate specimens from each of the six
aggregate sources were mixed with one percent hydrated lime and
approximately four percent water, oven dried inside a 121°+ 5 C (250° F) oven
for 6 + 1 hours and then cooled to room temperature. Removing the moisture
was important since aggregates that have high absorption values may retain
moisture which may cause the aggregate to "pop" (break apart changing the

gradation) inside the NCAT Asphalt Content Tester.

4.5 Treatment of Control Specimens

The Control specimens were stored on a shelf at room ambient temperature

and humidity until gradations could be performed as described in Section 4.7

4.6 Rational for Mixing the Experimental Specimens with AC

Mixing the aggregate specimens with asphalt cement was thought to be an
important factor since these specimens would be exposed to higher
temperatures (greater than 538° C (1000° F)) inside the ignition oven
(compared to aggregate only specimens) as the asphalt cement burns.
Aggregate mixed with asphalt typically burns in the oven at 600° C (1112° F)
to 700° C (1292° F). These higher temperatures may increase the probability

that the aggregate degrades. In addition, the aggregate which will be

10



evaluated for gradation during the life of construction projects will also be

mixed with asphalt cement when determining asphalt cement content.

4.6,1 Treatment of Experimental Specimens

The four Experimental specimens were re-heated again inside a 148 +/- 5° C
(300° F) oven for 3 + 1 hours and mixed with approximately five percent AC,
(Conoco AC-10).

The bituminous mixture specimens were placed inside the NCAT Asphalt
Content Tester (at a set point temperature of 538° C (1000° F)) immediately
after the mixing process and tested per CPL-5120, see Appendix E. The AC in
the bituminous mixture was ignited and burned away leaving the residual
aggregate. The residual aggregate was cooled for approximately one-half
hour inside the basket assembly and then collected in a steel pan. The
Experimental specimens were stored on a shelf (less than 24 hours) until

gradations could be performed per Section 4.7

4.7 Gradations

Gradations following AASHTO T 27 (Sieve Analysis of Fine and Coarse
Aggregates) and T 11 (Amount of Material Finer Than 0.075 mm Sieve in

Aggregate) were performed on each of the eight specimens from each of the

11



six aggregate sources. A ROTAP mechanical sieve shaker was used as

described in Section 3.1, to separate the aggregate into different size

fractions.

Table 2. Number of Gradations Performed per Sieve Size

Sieve Size No. of No. of Exp. No. of Total No. of
Control Specimens Aggregate | Grad. Per
Specimens Per Sources Sieve Size
Per Aggregate
Aggregate Source
Source

Each of the 4 4 6 48

nine sieve

sizes

4.8 Methods of Analysis

There were two methods used to analyze the gradation results after using the

ignition oven.

4.8.1 First Method of Analysis (Comparison of the Mean of the Experimental

and Control Specimens)

12




The first method of analysis compared the mean of the gradations between
the four Experimental and four Control specimens. The "mean difference" for
the percent passing each sieve size for each aggregate source was calculated
by subtracting the average (mean of the four Control specimens) of the
original design gradation from the average (mean of the four Experimental
specimens) of the residual aggregate specimens after using the NCAT Asphalt

Content Tester.

In addition, Confidence Interval and Frequency graphs were generated. The
Student’s t-Test for a paired two sample comparison was also used to
determine if the gradation results from the Control and Experimental
specimens were statistically from the same population set. A 95 % confidence
level was used. The t-test data was also used to generate the Confidence

Interval figures (7).

4.8.2 Second Method of Analysis (One-to-One Comparison between

Experimental and Control Specimens)

The second method compared the gradation results between the Experimental
and Control specimens on a one-to-one basis. All possible combinations of
the Experimental and Control specimens were paired per sieve size and their

percent differences were calculated. The sample standard deviations were

13



calculated for each of the nine sieve sizes. The standard deviations
calculated from each of the sieve sizes were compared to the single standard

deviations found in the precision statement of AASHTO T 27.

14



5.0 GRADATION RESULTS AND DISCUSSION

5.1 Analysis Method One (Aggregate Gradation Results)

In Sections 5.1.1 - 6.1.6 and 6.1.1 - 6.1.4 the "mean difference"” refers to the
average of the percent passing the four Experimental specimens minus the
average of the percent passing the four Control specimens calculated for each

of the sieve sizes.

16



5.1.1 Mean Differences Between the Control and Experimental Specimens

lllustrated for the Franciscotti Aggregate Source

Figure 1. represents the mean differences calculated for each sieve size for
the Franciscotti aggregate source. The analysis, data and figures for all of the

aggregate sources can be found in Appendix A.

16



Figure 1. Mean Differences lllustrated For Each of the Nine Sieve Sizes

Representing The Franciscotti Aggregate Source
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After the mean differences for the percent passing each sieve size were
calculated for the six aggregate sources, 45 out of the 54 sieves had more
material passing each sieve, {the Experimental specimens were finer than the

Control specimens).

The mean differences for the percent passing each sieve size were greater
than 1.0 percent, but less than 1.75 percent for only three out of the 54 sieves
tests (nine sieve sizes times six aggregate sources). The 9.5 mm (3/8 inch)
sieve sizes from the Monk and Ralston aggregate source, and the 4.5 mm
(No.4) sieve size from the Franciscotti aggregate source were the only sieves
in which there were mean differences that were greater than 1.0 percent. The

remaining 51 sieve test mean differences were all less than 1.0 percent.

5.1.2 Confidence Interval Figure Displaying the Upper and Lower Limits for the

Franciscotti Aggregate Source

Figure 2. is a graphical representation illustrating the upper and lower
confidence intervals for the Franciscotti aggregate source. The remaining
illustrations representing the other aggregate sources may be found in
Appendix B. The data used to calculate the confidence interval limits were
generated by applying the Student’s t-test for paired samples. The data used

to generate the figures may also be found in Appendix B.
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Figure 2. Confidence Intervals Representing the Upper and Lower Limits For

The Franciscotti Aggregate Source
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5.1.3 Frequency Distribution lllustrating the Mean Differences for the 9.5 mm

(3/8) Sieve Size

Figure 3 represents the range between the mean differences for each of the
six aggregate sources for the 9.5 mm (3/8) sieve size. The remainder of the
figures representing the other sieve sizes used in this study may be found in
Appendix C. The figures demonstrate that the range between the lowest and
highest mean differences were normally less than 1.0 percent. Occurrences
which deviated further away from the concentrated group of the mean
differences may have been due to the splitting or mechanical mixing process,

or the aggregate may have degraded during ignition process.

20



Figure 3. Frequency Distribution Displaying The Mean Differences

Representing The 1.18 mm (# 16) Sieve
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5.1.4 Frequency Distribution for the 54 Sieve Tests
Figure 4 represents the frequency distribution of the mean differences for the

54 sieve tests. The mean calculated for the "mean differences" as defined in

Section 4.8 for all of the 54 sieve tests was 0.32 percent.

22



Figure 4. Frequency Distribution Of The Mean Differences For 54 Sieve Tests
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Table 3. Data used to generate Figure 4.

NCAT OVEN GRADATION STUDY

FREQUENCY GRAPH

1219485 DATA SCALE
SCREEN VALUES SCREEN X-AXIS TIMES OCCURED

SIZE mean ditf.  metric PERCENT, RANGE frequency
12 0.17% 125 -0.80% 0
112 -0.78% 125 -0.65% 2
112 -0.03% 125 -0.50% 0
172 0.03% 126 -0.35% 1
1R 0.08% 125 0.20% 2
112 0.24% 125 -0.05% 2
3/8 0.88% 9.5 0.10% 10
378 1.44% 85 0.25% 16
/8 -0.30% 9.5 0.40% 3
378 0.53% 9.5 0.55% 2
378 1.68% 0.5 0.70% 4
378 0.11% 8.5 0.85% 6
#4 1.17% 475 1.00% 4
@4 0.81% 4.75 1.15% (o]
#4 0.80% 4.75 1.30% 1
#4 0.07% 475 1.45% 1
#4 0.10% 475 1.60% 0
w4 0.23% 4.75
#3 0.54% 23
2 0.18% 23
#8 0.80% 23
#3 0.38% 23
#8 0.77% 23
#8 '0.86% 23

#16 0.07% 1.18

#16 0.15% 1.18

#16 0.05% 1.18

#16 0.36% t.18

-2[] 0.41% 1.18

#16 0.67% 1.18

#30 0.05% 0.625

#30 0.18% 0.625

#30 0.21% 0.625

#30 0.71% 0.625

30 -0.10% 0.625

#30 0.64% 0.625

#50 0.16% 0.3

#50 0.22% 0.3

#50 0.13% 0.3

#50 0.92% 03

#50 0.00% 03

#50 0.65% 03

#100 0.20% 015 °

#100 0.16% 0.15

#100 0.16% 0.15

#100 0.87% 0.15

#100 0.13% Q.15

#100 0.58% 0.15

$#200 0.22% 0.075

#200 0.12% 0.075

#200 0.04% 0.075

#200 0.76% 0.075

#200 0.81% 0.075

#200 0.39% 0.075

STDS 0.47%

MEAN 0.32%
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5.1.5 Experimental Specimens that Appeared Coarser after Using the NCAT

Asphalt Content Tester

In some cases, when the mean differences were calculated for each sieve size
after using the NCAT Asphalt Content Tester, the Experimental specimens
appeared to be coarser. The 12.5 mm (1/2 inch) sieve from the Ralston
aggregate source and the 12.5 mm (1/2 inch) and the 9.5 mm (3/8) sieve size
from the Valco/Rocky Mountain aggregate source are examples of this. See

Section 6.1.2 for an explanation of cases like these.

5.1.6 Summary of Results Using Analysis Method One

The results showing the ranges of the mean differences for the six different

aggregate sources are shown in Figure 5.
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Figure 5. Summary of the Gradation Results (Mean Differences, Analysis

Method One)
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Reviewing Figure 5 reveals that the ranges of the mean differences for the 54
sieve tests were generally less than 1.0 percent. Thirty three were less than
0.5 percent, eighteen were less than 1.0 percent, two were less than 1.5

percent and one was less than 2.0 percent.

Ninety four percent of the calculated mean differences for the percent passing
each sieve screen were less than 1.0 percent. Only six percent of the mean

differences were greater than 1.0 percent.

5.2 Analysis Method Two- Aggregate Gradation Results

The standard deviations were calculated using the percent differences from
each of the 16 possible paired combinations between the four Experimental
and four Control specimens for each individual sieve size. The single
standard deviations from the precision statement in AASHTO T 27 were then
subtracted from their respective sieve size standard deviations calculated

from the 16 possible paired combinations.

5.2.1 AASHTO T 27 Precision (Single Operator)

The precision statement for an aggregate sample which was split one time is

given in AASHTO procedure T 27. The precision (for a single operator) in
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determining the gradation per aggregate size is given in Table 4.

The estimates of precision for the method listed in AASHTO T 27 are based on
results from the AASHTO Materials Reference Laboratory Reference Sample
Program, with testing conducted by this method and ASTM C 136. The data is
based on the analyses of more than 100 paired test results from 40 to 100
laboratories. The values in the table are given for different ranges of
percentage of aggregate passing one sieve and retained on the next finer
sieve. The Table uses ASTM C 670 Practice for Preparing Precision
Statements for Test Methods For Construction Materials (3). The data for the
aggregate gradations tested in this study for the percent of aggregate passing

one sieve and retained on the next finer sieve is shown on Table 5.
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Table 4. Precision Statement from AASHTO T 27

34 METHODS OF SAMPLING AND TESTING

T 27

TABLE 1 Precision

Percent Acceptablc Range
of Size of Test Results
Fraction o fficient of Standard  (D2S
Bc(wcc,i Varniation Deviation  percent)®

Consecutive 3

s (IS percent), sy, Percent (D25,
Sieves

Percent’ Percent® of Average  Percent

Coarse Aggregates: ©

Single-Operator Oto3 30° — 85° —
Precision 3010 1.4° 4.0°
10 to 20 0.95 2.7
20 to 50 1.38 19
Multilaboratory O3 35° — 99° —
Precision 3010 1.06 3.0
10 to 20 1.66 - 4.7
20 to 30 2.01 5.7
30 to 40 . 2.44 6.9
40 to 50 3.18 9.0
Fine Aggregates:
Single-Operator Oto3 0.14 0.4
Precision 3t10 0.43 ) 1.2
: : 10 to 20 0.60 - 1.7
20 to 30 0.64 1.8
30 to 40 0.71 2.0
) . 40 to 50 — —
. . Multilaboratory Oto3 0.21 ' 0.6 :
. Precision 31010 0.57 S K BIRE
10 to 20 . 0.95 2.7
20 w0 30 1.24 3.5
o _ 30 to 40 1.41 4.0
Fite ts v H 40(050 FUCE T —

4 These numbers cepresent, mspecﬁvcly. the (15) sod (D2S) as Jﬁcxibed in" ASTM C 670.
i .. # These numbers'represent, respoctively, the (1S pumt) l.ud (D2S' pacent) timits as described in ASTM
. C 670.

~e L

L :"P These values ure from precision Indices first included -in T 27. Other indices were developed in 1982

:.ﬁommommoemAASHTOMmNsR:fclebonuxyumpkdnn whlchd.tdnotpmvsdc(ulﬁmmv

o ,.vmfonmuon(nm\rlscﬂmvtluuunomd
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Table 4 from the AASHTO T 27 procedure, allows a single standard deviation
for the gradation blends used in this experiment with a range between 0.95
and 1.4 percent for coarse material and a range between 0.14 and 0.64 percent
for fine material using a single operator. The values depend on the

percentage passing one sieve and retained on the next finer sieve.
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Table 5. Percent of Aggregate Passing One Sieve and Retained on the Next

Finer Sieve for Each Aggregate Source

EXPERIMENTAL _

EXPERIMENTAL

SIEVE SIZE AGGREGATE PERCENT PASSING PERCENT PASSING ONE SIEVE
DESCRIPTION EACH SIEVE SIZE AND RETAINED ON THE
NEXT FINER SIEVE
SIEVE SIZE
12 COARSE 89.81%
38 COARSE 80.17% 19.64%
#4 FINE 59.51% 20.66%
#8 FINE 43.91% 15.60%
#16 FINE 32.09% 11.82%
#30 FINE 22.67% 9.42%
#50 FINE 14.63% 8.05%
#100 FINE 9.16% 5.47%
#200 FINE 5.88% 3.28%

SIEVE SIZE AGGREGATE PERCENT PASSING PERCENT PASSING ONE SIEVE
DESCRIPTION  EACH SIEVE SIZE AND RETAINED ON THE
NEXT FINER SIEVE

112 COARSE 99.66%

318 COARSE 70.52% 29.14%
7] FINE 45.84% 2469%
#8 FINE 33.61% 12.23%

#16 FINE 24.79% 8.82%

#30 FINE 17.36% 7.43%

#50 FINE 11.32% 6.04%

#100 FINE 7.30% 4.02%

#200 FINE 4.60% 2.69%

WBEYSORARWIN

AASHTO
T27
AFTER 1 SPLIT
AGGREGATE
ONLY
100 PAIRED
TEST RESULTS

PRECISION
(18),%

1.38

0.64
0.60
0.43
0.43
0.43
0.43
0.14

B

AASHTO
T27
AFTER 1 SPLIT
AGGREGATE
ONLY
100 PAIRED
TEST RESULTS

PRECISION
(18),%

0.95
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0.64
0.60
0.60
0.43
0.43
0.43
0.43




_RALSTON

AASHTO
T27
AFTER 1 SPLIT
AGGREGATE
ONLY
100 PAIRED
TEST RESULTS

PRECISION
(18),%
COMBINATIONS
PRECISION
(D28),%

0.95

EXPERIMENTAL _
SIEVE SIZE AGGREGATE PERCENT PASSING PERCENT PASSING ONE SIEVE |
DESCRIPTION EACH SIEVE SIZE AND RETAINED ON THE
NEXT FINER SIEVE
SIEVE SIZE
172 COARSE 98.17%
3/8 COARSE 81.19% 16.99%
#4 FINE 66.56% 1463%
#8 FINE 4161% 24.95%
#16 FINE 26.68% 14.93%
#30 FINE 16.92% 8.77%
#50 FINE 8.99% 7.93%
#100 FINE 5.01% 3.97%
#200 FINE 2.74% 2.28%
EXPERIMENTAL
SIEVE SIZE AGGREGATE PERCENT PASSING PERCENT PASSING ONE SIEVE
DESCRIPTION EACH SIEVE SIZE AND RETAINED ON THE
NEXT FINER SIEVE
SIEVE SIZE
172 COARSE 99.29%
I8 COARSE 81.89% 17.30%
#4 FINE 64.10% 17.89%
#8 FINE 41.67% 22.43%
#16 FINE 29.43% 12.24%
#30 FINE 21.19% 8.24%
#50 FINE 13.53% 7.65%
#100 FINE 7.85% 5.69%
#200 FINE 4.34% 3.50%

0.6
0.64
0.6
0.43
0.43
0.43
0.14

AASHTO
T27
AFTER 1 SPLIT
AGGREGATE
ONLY
100 PAIRED
TEST RESULTS

PRECISION
(18).%

0.95
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0.60
0.64
0.60
0.43
0.43
0.43
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'EXPERIMENTAL

SIEVE SIZE AGGREGATE PERCENT PASSING PERCENT PASSING ONE SIEVE
DESCRIPTION  EACH SIEVE SIZE AND RETAINED ON THE
NEXT FINER SIEVE
SIEVE SIZE
172 COARSE 99.79%
3 COARSE 74.15% 25.64%
# FINE 61.42% 12.73%
#8 FINE 4551% 1591%
#18 FINE 35.18% 10.33%
#30 FINE 2581% 9.37%
#50 FINE 11.86% 13.95%
#100 FINE 501% 6.85%
#200 FINE 2.77% 2.24%

PAGOSA
EXPERIMENTAL
SIEVE SIZE AGGREGATE PERCENT PASSING PERCENT PASSING ONE SIEVE
DESCRIPTION EACH SIEVE SIZE AND RETAINED ON THE
NEXT FINER SIEVE
SIEVE SIZE
112 COARSE 100.00%
3/8 COARSE 75.54% 24 .46%
"4 FINE 51.29% 24.25%
#8 FINE 36.74% 14.55%
#16 FINE 26.02% 10.72%
#30 FINE 18.76% 7.26%
#50 FINE 13.00% 5.76%
#100 FINE 8.80% 4 20%
#200 FINE 6.13% 267%
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5.2.2 (Experimental - Control) Data Minus AASHTO T 27 (Single Standard

Deviation Data)

Figure 6 represents the differences between the standard deviations for the
aggregate specimens that were split three times, mixed with asphalt cement,
and then heated inside the NCAT Asphalt Content Tester minus the single
split precision of a paired aggregate sample. The differences in the standard
deviations are due to the splitting, mechanical mixing, and heating of the
aggregate inside the NCAT Asphalt Content Tester. There appears to be
between 0.9 percent to 1.75 percent difference for the 9.5 mm (3/8), 4.75 mm
(#4), 2.36 mm (#8), 1.18 mm (#16), and 0.60 mm (#30) sieves. There is less of a
difference for the smaller sieve sizes of between 0.0 and 0.75 percent
difference for the 0.30 mm (#50), 0.15 mm (#100) and the 0.075 mm (#200)

sieve sizes.
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Figure 6. (Experimental - Control Data) Minus AASHTO T 27 (Single Standard

Deviation Data)
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5.2.3 Control Data Minus AASHTO T 27 (Single Standard Deviation Data)

In a attempt to measure the error induced when the aggregate was split three
times the standard deviations of the percent differences were also calculated
from the six possible paired combinations using the four Control specimens

only.

The single standard deviations from the precision statement in AASHTO T 27
were also subtracted from the standard deviations of each respective sieve
size from the six possible paired combinations. The resuits are illustrated in
Figure 7. Figure 7 represents the (Control specimens) aggregate that were
split three times but not mixed with asphalt cement or heated inside the NCAT

Asphalt Content Tester.
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Figure 7. Control Data Minus AASHTO T 27 (Single Standard Deviation Data)
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5.2.4 (Single Standard Deviation Data, Figure 8)

In an attempt to reveal the effects that the ignition oven may have had on the
aggregate, the differences between the standard deviations for Figure 6 and

Figure 7 were determined.

The differences between the single standard deviations for Figure 6 and

Figure 7 are illustrated in Figure 8.
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Figure 8. Difference Between Figure 6 and Figure 7 (Single Standard

Deviation)
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5.2.56 Summary of Results Using Analysis Method Two

The area which contains the majority of the points plotted for the percent
difference in precision were reduced from a upper and lower range of +0.75 to
+1.8 percent for Figure 6 to a upper and lower range of -0.6 to +0.6 percent for
Figure 8. The percent differences in standard deviations were significantly

reduced when the error due to splitting was alleviated.
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5.3 Application of Correction Factors

Correction factors may be required to compensate for possible aggregate

degradation inside the ignition oven.

Note: The data obtained from this experiment represents only the aggregate
that was tested, individual aggregates should be tested separately for their
susceptibility to degradation when placed inside the NCAT Asphalt Content
Tester. Anyone using the ignition oven to determine aggregate gradation
from a bituminous mixture should be aware of the possibility that aggregate
sources other than the ones used in this study may degrade more under the

high temperatures present inside the NCAT Asphalt Content Tester.

5.3.1 Testing for the Possibility of Aggregate Degradation

Aggregate degradation may be tested for by splitting a sample of a known
gradation one time, producing paired specimens. The sample shall meet the
minimum test weight requirements specified by AASHTO 27 (Section 6.4 -
Sampling). One of the paired aggregate specimens shall be mixed with the
appropriate amount of water and hydrated lime and dried in an exhaust oven
at the proper mixing temperature along with the asphalt sample. The

aggregate specimen and the asphalt sample shall be removed from the
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exhaust oven and mixed with the asphalt using a mechanical mixer. The
bituminous mixture is than heated inside the ignition oven and tested. The
other paired specimen shall be treated as the Control specimen as specified in

Section 4.0 of this paper.

This procedure shall be repeated three times using three separate known
aggregate gradation samples from the same source. The percent differences
from each sieve size for the paired specimens shall be calculated for each of
the three samples. The standard deviation shall be calculated using the
results of the percent differences between the Control and Experimental

specimens.

If the standard deviation calculated for the three samples exceeds the single
standard deviation (1S),% limits as stated in AASHTO T 27, a correction factor
will be required. The correction factor will be equal to the calculated standard
deviation minus single standard deviation stated in AASHTO T 27. A
correction factor will be required on any sieve size in which the calculated
standard deviation for that sieve exceeds the (1S),% single standard deviation
limits set fourth in the precision statement of AASHTO T 27. See Appendix D
for the correction factors that were required using Analysis Method Two. See
FUTURE RESEARCH Section 9.0 for additional information regarding this

subject.
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5.4 Aggregate Absorption Values

The porosity of an aggregate is generally indicated by the amount of water it
absorbs when soaked in water. A porous aggregate will also absorb asphalt
which will tend to make a bituminous mixture dry or less cohesive. The
aggregate sources with higher absorption values did not demonstrate more
degradation than aggregate sources with lower absorption values. Absorption
values for the aggregate sources evaluated are shown in Table 1. The

absorption values for each aggregate source are illustrated as follows on the

following page.



Figure 9. Absorption Values for Each Aggregate Source
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6.0 CONCLUSION

6.1 Analysis Method One

6.1.1 Mean Differences Between The Experimental and Control Specimen

Gradations

The residual aggregate from the Experimental specimens were found to be
finer than the Control specimens after performing a gradation analysis (45 out
of the 54 sieve tests. This would indicate that there was some degradation
caused by the NCAT Asphalt Content Tester or through the mechanical mixing
process. However, the mean differences for the percent passing each sieve
size between the Experimental and Control specimens were relatively low
(less than 1.5 percent for nearly all the sieve sizes analyzed from each

aggregate source).

6.1.2 Experimental Specimens that Appeared to be Coarser after Using the

NCAT Asphalt Content Tester

In a few instances (see Section 5.1.5) the Experimental specimens appeared to
be more coarse (less material passed through the sieves) after using the
NCAT Asphalt Content Tester, this was a probably a result of the splitting or

mechanical mixing process and not due to the ignition oven.
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6.1.3 Possible Reasons for the Variation in Gradation Results

Possible reasons for the variances in gradation include several factors such

as high temperature degradation, mechanical mixing and the splitting process.

6.1.4 Student’s t-test

The data from each from the different sieve sizes for each of the aggregate
sources clearly demonstrates the t-test statistic (t) is less than the t critical
two tail . This means that one can be 95% confident that the two data sets

came from the same population set. (See Appendix B).

6.1.5 Summary of Analysis Method One

Since the mean differences between the Experimental and the Control
specimens for the percent passing each sieve size were less than 1.5 percent
for nearly all the sieve sizes analyzed (coarse and fine aggregate) it may be
deduced that heating the six bituminous mixture sources using the NCAT
Asphalt Content Tester had only a small affect on the gradation. The

gradations between the Experimental and the Control specimens were not

statistically different.
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6.2 Analysis Method Two (One to One Comparison)

6.2.1 (Experimental - Control) Data Minus AASHTO T 27 Gradation Data (Single

Standard Deviation)

The differences in the single standard deviations for all of the sieve sizes
ranged between 0.0 to 2.5 percent. The differences were due to either the
splitting, mechanical mixing or aggregate breakdown inside the NCAT Asphalt

Content Tester or a combination of all these effects.

6.2.2 Control Data Minus AASHTO T 27 Gradation Data (Single Standard

Deviation)

The standard deviations for each sieve size were calculated after the percent
differences were determined by combining different paired specimens using
only the Control specimens. The standard deviations from each sieve size
was subtracted from each of the AASHTO T 27 standard deviations
respectively. The result of this subtraction represent the affect on the
standard deviations for each sieve size after the aggregate was split three
times. Nearly all of the significant differences between the standard
deviations for the Control specimens and the AASHTO T 27 data were

alleviated. (See Section 6.2.3) Therefore, it may be deduced that any
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difference between the single standard deviations given in AASHTO T 27 and
the standard deviations calculated for the Control data was due to the error
induced when the aggregate sample was split three consecutive times using a

riffle splitter.

6.2.3 Figure 8 (Single Standard Deviation)

As shown in Figure 8, the percent differences between the standard
deviations straddled the zero percent line. This would indicate that the
percent differences measured were due largely to the differences caused
when the aggregate sample was split three times, and not due to the
mechanical mixing or heating of the aggregate inside the NCAT Asphalt

Content Tester. This would also indicate that the aggregate did not degrade

excessively after using the ignition oven. When the differences between the

standard deviations for Figure 6 and 7 were compared to the standard
deviations given in AASHTO T 27 only a small number of sieve sizes required
a correction factor. Most of the correction factors were less than 1.0 percent.

The correction factors that were required may be found in Appendix D.

6.3 Absorption Values

The absorption values of the aggregates that were tested did not appear to
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have affected the results of the gradations after using the NCAT Asphalt
Content Tester after the moisture was removed per Section 4.4. The
gradations of the aggregates with high absorption values were not noticeably

different from the aggregate with low absorption values.

6.4 Summary of Analysis Methods One and Two

It may be deduced from analysis methods One and Two that the NCAT
Asphalt Oven may have caused a slight amount of aggregate degradation.
However, only a small number of the sieves required any correction factor,
almost all correction factors were less than 1.0 percent. The test method
listed in Section 5.3.1 may be used to determine the degree of aggregate

degradation.
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7.0 RECOMMENDATION

* The NCAT Asphalt Content Tester may be used for determining gradations

of bituminous mixtures.

* Use of the NCAT Asphalt Content Tester can replace the use of chlorinated

solvents for determination of AC content and aggregate gradation.

* Correction factors will be required for aggregate that is found to degrade
inside the NCAT Asphalt Content Tester. See Section 5.3. Exceeding the
precision limits set fourth in AASHTO T 27 shall be used as a reference in
determining the requirement for gradation correction factors. Some types of
aggregate (e.g. aggregate which contains oil shale on the Colorado West
slope) may degrade excessively and unpredictably inside the ignition oven.
For these types of aggregate the ignition oven may not be effective in

determining gradation.
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8.0 FUTURE RESEARCH

Aggregate degradation research may also be conducted by using only one
aggregate specimen, without adding asphalt cement. This could be done by
comparing the gradation of the specimen before using the ignition oven to the
gradation after heating the same aggregate specimen inside the ignition oven
for specified amount of time. This would provide a more instantaneous and
time efficient method, if a technician in the field is questioned or suspects
aggregate degradation (due to the particular mineralogy) is taking place when

the specimen is heated inside the ignition oven.

Note: This method would not account for the elevated temperatures that
would be present inside the oven chamber when asphalt cement is mixed with
the aggregate. These temperatures would typically exceed the oven chamber

set point of 538° C (1000° F).
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APPENDIX A

* Mean Difference Figures for Aggregate Sources

* Data Used to Calculate Mean Differences
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DATE: 8-13-96
SUMMARY OF t- TEST PAIRED TWO-SAMPLE FOR MEANS AND
GRADATION RESULTS

GRADATION COMPARISON OF AGGREGATE MIXED WITH ASPHALT AND PLACED IN
NCAT ASPHALT CONTENT OVEN ( EXPERIMENTAL) VS.

THE SAME AGGREGATE LEFT IN IT'S ORIGINAL STATE (CONTROL).

SIX AGGREGATE SOURCES ANALYZED

STUDENTS T - TEST EMPLOYED

PROBABILITY OF A LARGER VALUE
P(T<=t) two-tail: > .05

FRANCISSCOTTI PIT:

EXPERIMENTAL
SIEVE SIZE 12 38 #4 #8 #16 #30 #50  #100__ #200
596X-1 99.49% 71.45% 46.37% 32.88% 24.16% 17.23% 11.32% 7.21%  4.53%
596X-2 99.41% 69.52% 45.01% 33.65% 24.84%  17.34% 11.30%  7.35%  4.73%
596X-3 99.73% 70.47% 46.14% 33.72% 24.46% 16.77% 10.82%  6.98%  4.38%
596X-4 100.00% 70.66% 45.83% 34.17% 2569%  18.11% 11.83%  7.50%  4.76%
MEAN 99.66% 70.52% 45.84% 3361% 24.79% 17.36% 11.32%  7.30%  4.60%
STD DEV 0.26% 0.79%  0.59% 053% 066%  055% 0.41% 0.25%  0.18%
CONTROL

1/2 3/8 #4 #8 #16___ #30 #50  #100  #200
596X5 0050% 67.61% 4244% 3068% 2243% 1540%  0.78% 6.16%  3.78%
536X-6 100.00% 70.25% 44.52% 33.86% 26.36%  19.04% 12.45%  7.88%  4.80%
596X-7 100.00% 69.59% 44.26% 31.81% 23.13%  16.02% 10.40% 6.75%  4.25%
596X-8 89.72% 71.11% 47.45% 35.81% 26.94%  18.78% 12.00% _ 7.58%  4.69%
MEAN 99.8% 69.6% 44.7%  33.1% 247%  17.3% 11.2%  7.1%  4.4%
STD DEV 02%  15%  21%  23%  23% 19%  13%  08%  0.5%
MEAN DIFF -02% 08%  12%  05%  0.1% 01%  02%  02%  0.2%
s sub D bar 0.18% 1.05%  1.17% 0.93% 0.85%  078% 056% 0.34%  0.18%
Mean DIFF + 3.18  0.40% 4.21%  4.88%  3.50% 2.77%  2.53%  1.94% 1.28%  0.79%
Mean DIFF -3.18; -0.75% -1.7%  -1.7%  -1.7% -20%  -1.9% -1.2% -06%  -0.2%
t -0.9457 0.8431 1.0010 05779 00881  0.0675 02831 0.6005 1.2101

t critical two-tail  3.1824 3.1824 3.1824 3.1824 3.1824 3.1824 3.1824 3.1824 3.1824

RALSTON PIT:

EXPERIMENTAL

SIEVE SIZE 1/2 _3/8 #4 #8 #16 #30 #50 #100 #200
NCAT-1 97.60% 79.72% 65.03% 41.77% 2793% 18.37% 10.02% 5.62% 3.01%
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NCAT-2 98.76% 81.80% 66.62% 41.02% 26.01% 16.29% 8.48%  4.65% 2.44%
NCAT-3 98.11% 80.78% 65.69% 40.10% 24.91% 15.42% 8.09% 4.55%  2.56%
NCAT-4 98.23% 82.45% 68.90% 43.55% 27.88% 17.59% 9.35% 5.24% 2.93%
MEAN 98.17% 81.19% 66.56% 41.61% 26.68% 16.92% 8.99% 5.01% 2.74%
STD DEV 0.5% 1.2% 1.7% 1.5% 1.5% 1.3% 0.9% 0.5% 0.3%
CONTROL
SIEVE SIZE 1/2 3/8 #4 #8 #16 #30 #50 #100 #200
non-NCAT-5 99.08% 77.93% 64.19% 39.97% 25.14% 15.68% 8.22%  4.54% 2.43%
non-NCAT-6 98.96% 79.61% 66.04% 42.76% 27.84% 17.75% 9.30% 5.04% 2.59%
non-NCAT-7 99.08% 79.69% 66.05% 39.76% 24.77%  15.39% 8.08%  4.60% 2.63%
non-NCAT-8 98.69% 81.77% 66.71% 43.18% 28.40%  18.15% 9.48% 5.22% 2.83%
MEAN 98.95% 79.75% 65.75% 41.42% 26.54%  16.74% 8.77%  4.85% 2.62%
STD DEV 0.2% 1.6% 1.1% 1.8% 1.8% 1.4% 0.7% 0.3% 0.2%
MEAN DIFF -0.8% 1.4% 0.8% 0.2% 0.1% 0.2% 0.2% 0.2% 0.1%
s sub D bar 0.3% 0.3% 0.5% 0.7% 1.0% 1.0% 0.6% 0.3% 0.2%
Mean DIFF +3.18 0.12% 2.52% 2.50% 2.51% 3.25% 3.24%  2.00% 1.18% 0.64%
Mean DIFF -3.18; -168% 0.36% -0.87% -213% -2.95% -289% -1.57% -0.86% -0.41%
t -2.7599 4.2500 1.5376 0.2640 0.1508 0.1820 0.3872 0.5009 0.7109
tcritical two-tail  3.1824 3.1824 3.1824 3.1824 3.1824 3.1824 3.1824 3.1824 3.1824
VALCO/ROCKY MOUNTAIN/CAS PIT:
CONTROL

1/2 3/8 #4 #8 #16 #30 #50 #100 #200
NON NCAT-5 100.00% 75.67% 61.68% 45.32% 35.54% 26.49% 12.05% 5.00% 2.78%
NON NCAT-6 99.51% 73.90% 59.11% 43.30% 33.20% 24.21% 10.84% 4.49% 2.54%
NON NCAT-7 99.76% 75.41% 61.56% 45.86% 36.79% 27.68% 12.58% 5.29% 3.03%
NON NCAT-8 100.00% 72.81% 60.13% 44.37% 35.00%  25.71% 11.43% 4.61% 2.56%
MEAN 99.82% 74.45% 60.62% 44.71% 3513% 26.02% 11.73% 4.85% 2.73%
STD DEV 0.2% 1.3% 1.2% 1.1% 1.5% 1.5% 0.8% 0.4% 0.2%
EXPERIMENTAL
NCAT-1 100.00% 71.69% 60.00% 43.43% 33.15% 24.23% 11.29% 4.86% 2.75%
NCAT-2 99.62% 72.94% 60.56% 45.85% 36.40% 27.19% 12.62% 5.26%
NCAT=3 99.55% 75.29% 60.34% 44.62% 34.36%  25.03% 11.39% 4.81% 2.75%
NCAT-4 100.00% 76.69% - 64.77% 48.14% 36.83%  26.80% 12.13% 5.10% 2.80%
MEAN 99.79% 74.15% 61.42% 4551% 35.18% 25.81% 11.86% 5.01% 2.77%
STD DEV 0.2% 2.3% 2.2% 2.0% 1.7% 1.4% 0.6% 0.2% 0.0%
MEAN DIFF -0.0258% *wweorex () 7965% 0.7997% 0.0527% -0.2101% 0.1306% 0.1604% 0.0356%
s sub D bar 0.07% 1.62% 1.46% 1.39% 1.45% 1.35% 068%  0.29% 0.08%
Mean DIFF +3.18 0.19% 4.86% 5.43% 523%  4.67% 4.10% 2.30% 1.07% 0.30%
Mean DIFF -3.18; -0.24% -5.46% -3.84% -3.63% -4.57% -4.52% -2.04% -0.75% -0.23%
t -0.3823 -0.1842 0.5468 0.5747 0.0363 -0.1551 0.1918 0.5621  0.4266
t critical two-tail  3.1824 3.1824 3.1824  3.1824 3.1824 3.1824 3.1824 3.1824 3.1824
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Irwin Winsor/Stute Pit:

CONTROL

1/2 3/8 #4 #8 #16 #30 #50 #100 #200
NON NCAT-6 100.00% 80.67% 59.97% 43.01% 31.60% 22.14% 13.88% 8.29% 4.99%
NON NCAT-6 99.70% 81.64% 6027% 44.14% 31.81% 22.03% 13.90% 8.57% 5.49%
NON NCAT-7 100.00% 75.87% 56.65% 42.17% 30.19% 20.18% 12.33% 7.46% 4.67%
NON NCAT-8 99.40% 80.37% 60.86% 44.82% 33.32%  23.51% 14.71% 8.82% 5.34%
Mean 99.78% 79.64% 5943% 43.54% 31.73% 21.96% 13.71% 8.29% 5.12%
STD DEV 0.3% 2.6% 1.9% 1.2% 1.3% 14% 1.0% 0.6% 0.4%
EXPERIMENTAL
NCAT-1 99.78% 79.98% 58.65% 44.50% 33.76% 24.42% 15.79% 9.73% 6.10%
NCAT-2 99.45% 82.21% 60.11% 42.64% 30.06% 20.80% 13.37% 8.47% 5.59%
NCAT-3 100.00% 78.89% 58.50% 42.87% 31.01% 21.76% 14.02% 8.76% 5.59%
NCAT+4 100.00% 79.60% 60.78% 45.63% 33.53%  23.71% 15.34% 9.66% 6.25%
Mean 99.81% 80.17% 59.51% 43.91% 32.09% 2267% 14.63% 9.16% 5.88%
STD DEV 0.3% 1.4% 1.1% 1.4% 1.8% 1.7% 1.1% 0.6% 0.3%
MEAN DIFF 0.0298% 0.5331% 0.0742% 0.3760% 0.3577% 0.7092% 0.9207% 0.8704% 0.7577%
s sub D bar 0.20% 0.9% 0.7% 0.6% 0.8% 0.8% 0.6% 0.3% 0.2%
Mean DIFF +3.18 0.66% 3.34% 2.17% 2.44% 2.94% 3.18%  2.70% 1.98% 1.47%
Mean DIFF - 3.18: -0.60% -2.28% -2.02% -1.69% -2.23% -1.76% -0.86% -0.24% 0.05%
t 0.1508 0.6041 0.1129  0.5791  0.4401 0.9133 1.646 2.5009 3.4088
tcritical two-tail  3.1824 3.1824 3.1824  3.1824 3.1824 3.1824 3.1824 3.1824 3.1824
MONK PIT:
EXPERIMENTAL
SIEVE SIZE 1/2 3/8 #4 #8 #16 #30 #50 #100 #200
NCAT-1 99.47% 82.21% 6256% 38.03% 25.14% 17.44% 11.11% 6.52% 3.17%
NCAT-2 98.53% 83.61% 65.02% 42.68% 30.80% 22.54% 14.76% 9.57% 7.91%
NCAT-3 99.16% 81.68% 64.78% 43.70% 31.90% 23.41% 14.84% 7.91% 3.14%
NCAT-4 100.00% 80.47% 64.06% 42.26% 29.88% 21.37% 13.44% 7.38% 3.15%
MEAN 99.29% 81.99% 64.10% 41.67% 2943% 21.19% 13.53% 7.85% 4.34%
STD DEV 0.6% 1.3% 1.1% 2.5% 3.0% 2.6% 1.7% 1.3% 2.4%
CONTROL
SIEVE SIZE 1/2 3/8 #4 #8 #16 #30 #50 #100 #200
NON NCAT-6 99.50% 80.09% 62.74% 41.40% 2890% 20.54% 13.15% 7.66% 3.72%
NON NCAT-6 99.24% 78.83% 63.42% 43.15% 31.60% 23.12% 14.77% 8.27% 3.63%



NON NCAT-7 98.59% 8273% 66.32% 42.41% 28.37% 19.66% 12.50% 7.28% 3.55%
NON NCAT-8 99.50% 79.58% 63.54% 42.81% 30.48% 21.81% 13.73% 7.66% 3.23%
MEAN 98.21% 80.31% 64.01% 42.44% 29.84% 21.28% 13.54% 71.72% 3.53%
STD DEV 0.4% 1.7% 1.6% 0.8% 1.5% 1.5% 1.0% 0.4% 0.2%
MEAN DIFF 0.08% 1.68% 010% -077% -0.41% -0.10%  -0.00% 0.13% 0.81%
s sub D bar 0.30% 1.22% 0.66% 0.96% 1.50% 1.42% 0.90% 0.53% 1.16%
Mean DIFF + 3.18 1.03% 5.57% 2.19% 2.29% 4.36% 4.42% 2.86% 1.83% 4.49%
Mean DIFF - 3.18! -0.86% -2.20% -2.00% -3.84% -5.17% -462% -287% -1.57% -2.88%
t 0.2835 1.3797 0.1465 -0.8018 -0.2719 -0.0694 -0.0025 0.2444 0.6962
P(T<=t) two-tail 3.1824 3.1824 31824  3.1824 3.1824 3.1824 31824 31824 3.1824
PAGOSA TROUT LAKES
CONTROL

1/2 3/8 #4 #H8 #16 #30 #50 #100 #200
Non NCAT-1 99.74% 73.50% 46.45% 33.26% 22.75% 16.08% 11.09% 7.57% 5.33%
Non NCAT-2 09.80% 76.99% 54.75% 41.27% 29.60% 21.25% 14.52% 9.64% 6.63%
Non NCAT-3 99.46% 72.27% 47.95% 32.01% 2227% 15.76% 10.59% 6.97% 4.74%
Non NCAT-7 99.79% 79.37% 56.00% 3861% 27.73%  20.00% 13.62% 8.81% 6.34%
Non NCAT-8 100.00% 75.03% 50.12% 34.20% 24.37% 17.49% 11.94% 7.99% 5.64%
MEAN 99.76% 7543% 51.05% 3587% 25.34% 18.12% 12.35% 8.22% 5.74%
STD DEV 0.2% 2.8% 4.2% 3.9% 3.2% 2.4% 1.7% 1.1% 0.8%
EXPERIMENTAL
NCAT-4 100.00% 76.34% 52.40% 35.85% 2535% 18.28% 12.53% 8.36% 5.83%
NCAT-5 100.00% 74.63% 50.46% 37.59% 27.07% 19.71% 13.81% 9.44% 6.61%
NCAT-6 100.00% 75.65% 51.00% 36.76% 25.63% 18.28% 12.65% 8.59% 5.84%
MEAN 100.00% 0.75538 0.51287 0.367354 0.260173 0.1876162 0.129988 0.087975 0.061266
STD DEV 0.0% 0.9% 1.0% 0.9% 0.9% 0.8% 0.7% 0.6% 0.4%
MEAN DIFF 0.2404% 0.1059% 0.2332% 0.8630% 0.6745% 0.6446% 0.6469% 0.5799% 0.3885%

S sub d bar = Sample std./ sqrt (n)

S sub d bar = mean diff./ t

t = mean diff./ S sub d bar

95 % Confidence limits = Mean diff. +/- 3.1824 * S sub d bar

n = 4, # of differences
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APPENDIX B

* Confidence Interval Figures For Each Aggregate Source
* Data Used to Calculate the 95 % Confidence Intervals
* Data From the Students t-Test

* Gradation Results From Each Aggregate Source
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Page: D -1 FRANCISCOTTI
12 SIEVE
t-Test Paired Two-Ssmpie for Maans
Varfable 1 Vartable 3
[T 0.8965716 15532207 0.833279004533418
Variance 7.01361800214759€-06 4 250073SET0T682€-06
Observations 4 4
Pearson Comelstion -0.162551 179281635
Pocled Verisnce 5.631845TBAGO44E-06
Hypothesized Msan Difference a
o 3
t -0.84566411484538
P(T<=Q cne-tall 0.207038447871417
t Critical one-tall 2.3533634343976
P(T<st) two-tadl 0,414076895742834
 Critica! dwo-tall 3,13244630501062
IR BIEVE
tTest Paired Two-Sample for Means
Varlabie 1 Vartabde 2
fhean 0.705212853 112853 0.596401229010712
Varianos 6.30737551068694C05  0.000221684436618976
Observalions 4 4
Puarzan Comelstion -0.6436446450924%3
Podlad Variance 0.000142379035502816
Hypothesized ldesn Diference a
o 3
t 0.80305574507 4967
P(To one-tall 0.230552844460838
t Critical ane-tal 23533634343978
P(T o) bwo-tall 0Q.461105688921798
t Critical bwo-{all A 12244620501082
[}
t-Tast Paired Two-Sampis for Mesns
. Vartabske 1 Varfable
Mean 0.458362137793419 0.44660 142058799
Varfance 35262065 133C5E-05  Q.0004I060127318459
Obsarvations 4 4
Pearson Comelaion 0I21TRS04 (903436
Podled Vartance . 000023733 1669159104
Hypohesized Mean Oiffarence Q
o 3
t 1.00053849674475
P{T<=() ane-tall 0.195349008274358
t Critical one4all 2.3533634343678
AT teo-tal 0.39507T96 16548712
t Criticad two-talk 3.18244630501062
L]
+Test Padred Two-Sampils for Means
Variable 1 Variable 2
Mean 0.336057513064696 0.3306800006 15308
Vartance 285731T7S22128605  0.000532481043717378
Obsanvations 4 4
Pearsoa Cometation C.870732286696603
Pooled Varfance 0.000280527110619772
Hypothastred Mean Difference 0
of 3
t 0.577886260532696
P(T<=q one-tall 0.301901347739717
t Critical one<al 2353364343976
P(T<=f) two-tall 0.600602635478434
t Critical two-tall 3.18244630501062
e
-Test Palred Two-Sample for Means
Varfabte 1 Variable 2
Moan 0.247896846247481 0.2471494368820667
Varfance 4.35655882072443E-05  0.000513064796500453
Obeecvations 4 4
Pearson Corraiation 0.8584516 19703346
Pooled Vartance 0.000278315192363843
Hypothestzed Mean Dl 0
L 4 3
t 0.0880856430137138
P(T<=t) one-tail 0.457679587721308
t Crttical one-tail 23533634343976
P(Toxt) twvo-tall 0.9353591754426 18
t Critical two-all 3.18244630501062

ne
-Test Paired Two-Samgpie for Means

Varfahle § Varlabile 2
Mean 017361325 0.17308811
Varfanco 1.0802€-05 0.00034895
Otsservations 4 &
Puearson Comelation 0.66341038
Pooled Varance 0.00018987
Hypathestzed Mean Differsnce 0
o 3
t 0.06743688
P(T-<s) one-tad 047522009
 Critical ane-tai 235336343
P(T<=) two-tal 0.85044019
¢ Critical two-tad 3.18244831
50
t+-Teast Paired Two-Sampia for Means

Variable 1 Variabie 2
aan 011317147 0.11158300
Vartanos 1.7U6E-05 0.0001607
Obsorvations 4 4
Pearson Corretation 0.45479551
Pooled Vartance 8.8909€-05
Hypothasized Mean Dilference 0
o 3
t 028311106
ATy one-tall 039775177
t Criical ane-tall 23533%343
P{To=Q two-tal Q79550353
t Griioad two-tall 3.18244631
#100
+-Test Paired Two-Sempis for Means

) Vartabie §  Varlsbie 2

Wean 0.072954748
Variance .G34566-08 61129605
Observations 4 4
Pwarson Correlation 05648712
Poaled Vartance 1737605
Hypothesized Maan Difference 0
of 3
t Q60050419
P(T<=q one-tall 02952529
t Criticsl one-tall 2 35336343
P(T<=q twotall 0.5505058
t Critical two-tadl 318244631
204
t-Test Puired Two-Sampie for Means

Varlable 1 Varlable 2
Mean 0.04602038 004383227
Vartance 33147E-05 2 163TE-05
Obsenabons 4 4
Pearson Cometation G.700936596
Pooled Variance 12476€-05
Hypothasized Mean Difference 0
df 3
t 1.21006399
P(T<=t) one-tall 0.15645147
t Criticat oe-tal 2356343
P(T<=Y) two-tad 0.31280293
t Critical two-tail 3.18244631
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Page: D -2
t-Vest: Paired Two-Sample for Means

1/2 SIEVE

Vartsble 1 Variable 2

Mean 098174771 0.98954466
Vadance 2.254E05 3.346E-06
Obeervations 4 4
Pearson Coelation 0.3474716
Pooled Variance 1.204€E-05
Hypothesized Mean Difference ]
o ’ 3
t -2.759911
P(T<=t) one-tail 0.03507877
t Critical one-{ail 235336343
P(T<=t) two-tall 0.07015754
t Critical two-tail 3.18244631

48 SIEVE
t-Test: Palred Two-Sample for Means

Varfable 1 Vertable 2
Mean 0.81187831 0.79747499
Varfance 0.00014316 0.00024654
Observations 4 4
Pearson Comelation 0.91539077
Pooled Variance 0.00019485
Hypothesitzed Mean Difference [}
o 3
t 425510261
P(To=t) onetall 0.01186793
{ Critical one-tall 235336340
P(T<=g) two-lall 0.02373587
t Critical two-tall 3.18244631

84 SIEVE
Test: Paired Two-Sample for Means

Varfable 1 Variable 2
_Mean 0.6655056S5 0.65746052
Vartance 0.00028672 0.00011771
Obwervations 4 4
Pearson Corelation 0.7959684
Pooled Vartznce 0.00020222
Hypothesized Mean Difference (1}
o 3
t 1.53762578
P(T<=() one-tal 0.11067201
t Crtical one-tall 235336343
P(To=t) two-tall 022174403
t Critical two-tall 3.18244631
88 SIEVE
t-Test: Palred Two-Sampie for Means

Varfable 1 Vartable 2
Mean 0.41610039 0.41417486
Vartance 0.00021474 0.00032428
Observations 4 4
Pearsan Correlation 0.61819305
Pooled Vartance 0.00026951
Hypothesized Mean Difference [}
ol 3
t 0.26402279
P(T<=t) one-tail 0.40443023
t Critical one-talt 235336343
P(T<=t) two-tal 0.80886046
t Critical two-tail 3.18244631

RALSTON

¥ 16 SIEVE
t-Test: Paired Two-Sampie for Means
Variabile 1 Variable 2
Mean 0.266844164264627 0.265375743859607
Vatiance 0.000219484107466921 0.000341605894113272
Observations 4 4
Pearson Correfation 0.331600138833067
Pooled Variance 0.00028054500079011
Hypothesized Mean Difterence V]
df 3
t 0.15075737952589
P(T <=t) one-tad 0.444866700356124
t Critical one-tall 2.3533634343976
P(T<xt) two-tal 0.8897334007 12248
{ Critical two-tail 3.18244630501062
#30 SIEVE
t-Test Two Sample Assuming Equal Variance
] Varisble 1 Varisble 2
Mean 0.169186751435183 0.167432700899705
Variance 0.000172927756376044 0.000198533563873232
Observations 4 4
Pooled Variance 0.000185730660124635
Hypothesized Mean Difference 0
o 6
t 0.182018402418259
P(T <=t) one-tad 0.430781054561881
t Critical one-tall 1.94316020004358
P(T <=1} two-tall 0.861562109123762
t Critical two-tal 2.44691185086496
#50 SIEVE
t-Test: Paired Two-Sample for Means
Varisble 1 Varfable 2
Mean 0.0898567268253932 _ 0.0876883207793596
Variance 1.5475181521397E05  5.20746924282176-05
Obeervations 4 4
Pearson Correiation 0.0170905978089687
Pooled Varisnce B8.X774336974808E-05
‘Hypothesired Mean Diffecence 0
ol 3
t 0.387266354760011
P(T <t} one-tall 0.362199404648422
U Critical one-tall 2.3533634343976
P(T <=1) two-tall 0.724396809296844
t Critical two-tadl 3.168244630501062
#100 S{EVE
t-Test: Paired Two-Sample for Means
Varfable 1 Varlable 2
Mean 0.0501330266025405  0.0485190478493572
Vadance 2.5438105040976E-05  1.1156010520335€-05
Observations 4 4
Pearson Correiation -0.104866731527322
Pooled Variance 1.82980577806556-05
Hypothesized Mean Difference 0
o 3
t 0.509560059339925
P(T<=t) one-tail 0.322738791213532
{ Critical one-tail 2.3533634343976
P(T<=t) two-tail 0.645477582427065
t Critical twotad 3,18244530501062
# 200 SIEVE
t-Test: Paired Two-Sample for Means
¢-Test: Paired Two-Sample for Means Variable 1 Varfable 2
Mean Variable 1 Varlable2
Mean 0.0273632696500255  0.0261979987726052
Variance 7.78994463558056-06 2.71984951585€E-06
Observations 4 4
Pearson Correlation -0.02557034075969
Pooled Variance 5.2548970757 151E-06
Hypothesized Mean Difference 0
daf 3
t 0.710979718642712
P(T <=t) one-tait 0.264 194679803404
t Critical one-tail 2.3533634343976
P(T <=t) two-tail 0.528389359606808
t Critical two-tad 3.18244630501062



Page: D -3

12 SIEVE IRWIN/WINSOR/STUTE PIT #16 SIEVE
t-Test: Palred Two-Sampie for Means t-Test: Pailred Two-Sample for Means
Variable 1 Varisble 2 Varlable 1 Varlable 2
Meen 0.9980638 0.9877661 Mean 0.3208848 0.3173074
Vartance 6.821E-D6 8.148E-06 Variance 0.0003397 0.0001634
Observations 4 4 Observations 4 4
Pearson Corelation -0.039627 Pearson Correlation 0.5068478
Pooled Variance 7.485E-06 Poocled Vartance 0.0002515
Hypothesized Mean Difference 0 Hypothesized Mean Difference 0
of 3 - § 3
t 0.1509246 t 0.4401451
P(T<=() one-tall 0.4448061 P(T<=t) onetall 0.3448067
t Criticaf one-tal 2.3533634 t Critical one-tail 23533634
P(To=t) two-iall 0.8896123 P(T<=t) two-tall 0.6896135
¢ Criticat two-tad 3.1824463 t Critical two-tall 3.1824463
#30 SIEVE
48 SIEVE t-Test: Paired Two-Sampie for Means
t-Test Pailred Two-Sample for Means Varizble 1 Variable 2
Varlable 1 Variable 2 Mean 0.2267257 0.2196333
Mean 0.8017083 0.7963775 Vartance 0.0002817 0.0001871
Vartance 0.0002043 0.0008591 Observations 4 4
Observations 4 4 Pearson Comelation 0.4956221
Pearson Cotrelation 0.7520273 Pooled Variance 0.0002344
Pooled Variance 00004317 Hypothesized Mean Difference 0
Hypotheslized Mean Difference 0 df 3
« 3 t 0.8132575
t 0.60041332 P(T<=t} one-tall 0.2142233
P(To=g) one-tall 0.2041913 1 Critical one-tall 23533634
t Critical one-tall 2.3533634 P(T<=t) two-tall 0.4284465
P(Tot) two-lall 0.5883826 ¢ Critical two-tal 3.1824483
t Critical pwo-tall 3.1024463
# 50 SIEVE
84 SIEVE {-Test: Pakred Two-Sample for Means
t-Test: Paired Two-Sampie for Means Varlable § Variable2
Variable 1 Varlable 2 Mean 0.1462659 0.1370587
Meon 0.5950921 0.5843496 Variance 0.0001272 9.905E-05
Vartance 0.0001241 0.0003589 Obsecvations 4 4
Obsexvations 4 4 Pearson Correfation 0.449435
Pearson Correlation 0.7347129 Pooled Variance 0,0001131
Pooled Variance 0.0002415 Hypothesizad Mesn Difference 0
Hypothesized Mean Diffecence 0 o 3
[ ¢4 3 t 1.6445927
t 0.1129463 P{T<={) one-tall 0.0993011
P(T<xt) one-tall 0.4586035 t Critical one-tall 23533634
t Critical one-tall 22533634 PT<) two-tal 0.1986023
P(To=t) two-tall 0.9172071 t Critical two-tall 3.1824463
t Critical two-tall 3.1824463
# 100 SIEVE
€8 StEVE t-Test; Paired Two-Sample for Means
t-Test Palred Two-Sample for Means Variable 1 Varisble 2
Variable 1 Variable 2 Mean 0.091571 0.0828668
Meen 04391126 04353525 Variance 4057TE05 3.481E-05
Variance 0.0001995 0.0001385 Obsetvations 4 4
Observations 4 4 Pearson Comelation 0.3582937
Pearcon Correlation 0.510758 Pooled Variance 3.769E-05
Pooled Variance 0.0001695 Hypothesized Mean Difference 0
Hypothesized Mean Difference 0 dof 3
df 3 t 2.5008765
t 0.5791473 P(T<=t} one-tail 0.0438195
P(T<=t) 0.301556 t Critical one-tail 23533634
t Critical one-tall 2.3533634 P(T<=t) two-tail 0.0876389
P(T<=t) two-tall 06031119 t Critical two-tail 3.1824463
t Critical two-tall 3.1824463
# 200 SIEVE

t-Test: Paired Two-Sampie for Means
Variable 1 Variable 2

Mean 0.0588157 0.0512384
Variance 1.166E-05 1.343E-05
Observations 4 4
Pearson Cormelation 0.2128736
Pooled Variance 1.255E-05
Hypothesized Mean Difference 0
df 3
t 3.4088882
P(T<=t) one-tail 0.0210925
t Gritical one-tail 2.3533634
P{T<=t) two-tail 0.0421851
t Critical two-talt 3.1824463

B-7



able
Varanoce 0.000885608479368379 0.0002
4
Pearson Coaulation 0.236087262212219
Pooled Vartance 0.000551611178617224
Hypothestzod Mean Difecence o
Q 3
-0.271857135585349
2«94 one-tal 0.401673226979669
¢t Critical one-tadl 2.3533634343976
P(T<=t) two-tall 0.803346453953337
t Crttical two-tall 3.18244630501062
830 SIEVE
t-Test Paired Two-Sample for Means
Varfod
Mean 0.21 §E Pn_g 06462435
Vatdance 0.0006251 11077372672 0.000228 19201636
Observations 4
Pearson Correlation 0.148236875301085
Poocled Varance 0.0004616 E-ﬁ
Hypothasized Mean Difterence
Q u
-0.06946 13398377643
I._.e.o one-tall 0.474496638484124
1 Critical one-tadl 235383430976
P(T<e=(} twvo-tat 0.942993276968247
1 Critical two-tal 2.18244630501062
& 60 SIEVE
t-Test Peked Two-Sample for Moans
Varlable 1
Mean 0. 1353474 76584374 135369334930134
Vardance 0.0003a0228321688432  9.301164764809E-05
Obeervetions 4
Pearson Correlation 0.212952464794077
Pooled Varance 0.00019764T43 226602
Hypothesirad kean Offecence . o
Q 3
-0.002503316 17219616
J._.ﬁa oae-tal 0.499079680390789
t Criical one-takl 23533634343976
P(To=l) two-tall 0.598153360781568
t Critical two-tall 3, 1824460501062
# 100 SIEVE
+Test Paired Two-Sampie for Mosns
Vartadle 1 far(able 2
Mean 0.0784615175207684  D.OTT1542364751656
t 0.000164847195124347  1.66353304 12591E-05
Obsecvations 4
Pearson Corraiation 064698 1783223401
Pooled Vadance 9.07412627684636E-05
Hypothesized Mean Diftecenca 0
n__ 3
0.

. 2444254 15661785
J.THO one-tall 0.411332564615251
t Criticad one-tal 2353363443976
P(T<st) two-tall 0.822665129230502
t Critical two-tall 3.16244630501062
# 200 SIEVE
t-Test Paired Two-Sample for
Varfadle 1
Mean 0.0434 130554004854
Vartanca 0.000564552534 702789
Observations
Pearson Cometation 0.31466144435568 1
Pooled Varlance 0.00028457 12237529
Hypothesized Mean Difference
Q
0.696 191405735763
mA._' <=() one-tall 0.268199448321774
t Critical one-tal 2.3533634343976
vﬁ,ouo two-tall 0.536398857843548

B-8



e

Page:0 -5 VALCO/ROCKY MOUNTAIN/CAS PIT

12 SIEVE ® 50 SIEVE
t-Test Paired Two-Sampie for Means t-Test Palred Two-Sampile for Moans
Vordable I Varlable 2 Variable 1 Varlabie 2
Mean 09970335 0.9981915 Mean 0.1185588 01172532
Varlance 5786E-06 5.388E-06 Varlance A976E05  5.6726-05
Observatons 4 4 Observetons 4 4
Pearson Correlaton 08374793 Pearson Correlation 08363357
Pooled Verlance 6.587E-06 Pocled Varfance 4 024E-05
Hypotestzed Mean Differonce 0 Hypothesized Moan Difference 0
o 3 o 3
t 0.3823281 t 0.191764
P(T<={) ono-al 03638478 P(T<1) ane-tal 04300863
1 Crttical one-tall 23533634 { Crtéeal ono-tad 2353634
P(To=t) wo-tald 072716955 PT<=0) wo-tal 0.8601727
1 Critcal bwvo-tall 3.1624463 1 Crfical two-tall 3.1824463
# 100 SIEVE
tTest Paired Two-Semple for Means .
I8 STEVE Varfable | _Varable 2
¢ Test Palred Two-Swple for Means Uean 00500736 00464693
Varisble 1 Varisbis 2 Verance 4423606 1339605
“Mesn 0.741616 0.7444908 Observatons 4 4
Vertence 00005089 0.0001801 Pearson Cormelaon 09593147
Otservetom 4 4 Podiad Varlance 8908606
Pearson Comeition -0.5963528 Hypothesized Mean Difference 0
Pocled Varfence 0.0003445 o« 3
Hypothesirad Mean Difference (] t 05621059
o« 3 P(To=Q ons-tall 03066531
t -0.18420714 t Crifical orna-tall 23533634
P(T<=Q one-tel 0.4327996 P(T<=Q wo-tad 051X3061
(Criticat one-inl 2353364 1CriScal two-tad 3.1824463
PTG o0l 08655092
tCriScal two-Aall 3.1824463
W 200 SIEVE
84 SIEVE $+Tast Paired Two-Samgle for Means
Test, Pelrwd Two-Sumple for Means Variable { 2
Yorfabie §  Varisbie 2 Mean 00278792 0.0273064
[} 0.6141660 o.oom%o Varfencs 2438E-07 8.26-06
Vartence 00005058 0.00015 Qbservetons 4 4
Observations 4 4 Pearzon Comeiston 07852009
Pearsan Cocreision . 03460494 Poodled Vartance 2722606
Pocled Varfence 0.0003206 Hypotwsized Mean DifTarence 0
Hypohastred Meert Oifterence [} o 3
o 3 1 Q4266037
t 05468147 P(T<=() ona-talk 03492147
P(Ton) ano-tal 03112773 1Crtical one-tall 23533634
1Criical ona-tall 235336 P{T<=t] boo-tall 06984294
P(T<o=Q bvo-ball 0.6225641 t Critical two-2ad 11824483
1 Critont two-tad 3.1824483
88 SIEVE
¢Test Pairad Two-Serple for Means
Varfable 1 Varfable 2
[T==] 04551052 04471086
Varfence 00004039 0.0001267
Obeervedons 4 4
Pearvon Carrelaton 053873
Pooled Verlance 0.0002653
Hypothesired Mean Difference [}
3
1} 05747118
P(T<=Q) ono-tal 0.3028769
1Cri¥onl one-tdl 23533634
P(To=Q) wo-tad 0.6057537
tCritcal wo-tal 3.1824463
# 16 SIEVE

$-Test Paired Two-Sampie for Means
Varisble 1 Varlable 2

Moan 03518497 03513224
Veriance 0.0002938 0.0002221
Otservatons 4 4
Pearson Comrelaton -0.6148216
Poolod Varfance 0.0002609
Hypothesized Kean Difference [}
o 3
t 0.0363915
P(T<=t) cno-tal 0.4866281
tCritcal ona-tal 23533634
P(T<w) two-tall 09732563
t Crifical two-tall 3.1824463

#3C SIEVE

+Test Paired Two-Sampis for Means
Varlable §  Variabla 2

Mean 02581033 02602045
Vartance 0.0001999 0.0002112
Observators 4 4
Pearson Correiafon -0.7847108

Poolad Varlance 0.0002056
Hypothestred Mean Dllerence g

o

t -0.1551552

P{T<=) one-tall 0.4432752

t Crifcal ono-tall 23533634

P(T<=1) wo-tal 0.8865504

t Crifcal two-tall 3182448



MONK MIX

GRADATION COMPARISON USING THE NCAT OVEN
TABLE 8 REPRESENTS THE GRADATION OF THE AGGREGATE WITH NO ASPHALT ADOED

TASLE A REPRESENTS THE GRADATION OF THE AGGREGATE AFTER ASPHALT WAS ADOED AND BURNT OFF INSIDE THE NCAT OVEN

TABLE TABLE
A 8
1A . (1
AGGREGATE,, UME ADOED NON NC2
Gredatiec X b ¥ NCAT X Gradation Analysle Labs MONK S
110405 MONK-t 110185
Slevn  Welght ret Percent pusxing Slove  Weight ret Percent
sach sdew each slove size each slew sach sleve sire
w2 . 12
1 100.00% corect gradaton 1 100.00%
w 61 BILATR n 62 92.80%
b2 1994 8221% w 2419 50.00%
[ ] QT4 6256% 7] 2163 S2.74%
&8 2839 3803% [ 268 4140%
’16 “92 25.14% ®16 1554 2090%
[ <] 892 11A4% ®0 1042 2084%
&0 2 1Lux 350 2721 119%
«100 611 6452% ®#100 @4 186%
o200 388 1% . &200 a1 Ay
200 3 €200 29
200 west 337 200wast 43§
Towmt 11374 Totat 12484
Gradotior X Lad®  NCAY NON NC4
t11o0t8s HONK-Z Grudation Analyels Labs HONCE
140185
Gleve  Weigt retPercent Sleve  Weight et Peroent peseing
esch slevieach sleve dize osoch sion each sleve size
{12 112 -
1 100.00% correct gredaton 1 200.00%
w2 74 0s5I% n 24 NM%
w a3 8I8I% bl 2622 TeR% -
[ .} 223 &S0% [ ] 198 SR
[} 267 “4268% [ ] 2608 4319%
16 Q2 2080% ()] 1484 3180%
&3 088 2254% =30 088 %
[ 2] 3 UTe% &S50 WI3 W
€100 Q2 5% #100 0L LUK
€200 ne Te% 200 885 1%
&200 12 4200 42
«~200 wast s3 nr - 20 west Q28
Yotat 11954 Totst 2
Gredatian X LabW  NCAT
110188 (20305 MON NCA
Gradetion Analyels Lab®  MIONKT
110185
Slevw  Waighl ret Percecd patsing
oach slevieach sleva size Seve  Welgit relPercant pacaing
1w2 each siow sach sleve size
] 100.00% carcect gredafon 12
w WA 89.46% 1 100.00%
m 258 8158% w 173 9afa%
- 2183 6478% »m 1948 &27%
() 222 DI0% ® 2015 S6I2%
[ 21 1524 3190% [ 2037 Q4%
[ ] 1097 2341% [47] 1724
&50 1107 1484% 30 107 19.86%
£100 894 T8i% «50 88 12850%
200 6l6 4% #100 647 T22%
-£200 3 ’ 200 458 155%
=200 west 316 -£200 a3
-200 wast 403
Totat 12915 -
Totat 12282
Grmadatior X Led W NCAT
110193 MONK-4
NON NC#
- Gradaton Analysis Led ¥ MONK-S
Sleve  Weight ref Parcont pessing 110195
each sleweach sleva size
112 Slove  Weight rel Percant passing
1 100.00% oorrect gradation each slewt sach sieva sire
74 100.00% 12
n 2315 8047 1 100.00%
K.} 2113 $4.06% 774 &7 9950%
(] 2806 4226% s 265.1 79.58%
"6 1595 29.88% [ 23 2134 &354%
"0 096 2137% [ ] 2159 42B1%
&850 1021 13.44% [ 31 164.1 J0.48%
%100 78 738% %30 1153 2181%
200 545 315% %50 1076 13.73%
200 42 #100 808 7.66%
-200 wast 363 #200 689 A%
~H200 4.6 -l O
Totat 12675 200wast 384 B~
. Totat 13308



Ralston MIX

GRADATION COMPARISON USING THE NCAT OVEN

TABLE A REPRESENTS THE GRADATION OF THE AGOREGATE WITH NO ASPHALT ADDED

TABLE 8 REPRESENTS THE GRADATION OF THE AGGREGATE AFTER ASPHALT WAS ADDED AND BURNT OFF INSIDE THE NCAT OVEN

Gradatior X

110103

140185

-l
5§

i gggg;a;n:s‘

SRR

HIHE

78
i gﬁﬁ

Gradatior X

11-01-85

8872 f

HIHE

gsa

TABLE
A

AGGREGATE . LIME ADDED
Lebw

non-NCAT
Rat-8

Weight ret Percent passing
oach slevt sach sleva size

100.00%
11.7 #908%
200 7793%
1748 e419%
308 3997
1887 25.14%
1203 15.68%
M9 s22%
467 484%
288 20%
2
29

2718

7.7 §
Weight cet Percent,

comect gradaton

nen-NCAT
Ral-4

oach slevt esch sleve mire

B
HEHHH

33

cafect gradeton

each sieve each sieve sixe

13

1"H5T  1538%
902 208%

242 263%
13
312

12236

corect gradaton

correct gradation

2
&

£
8

Gredation Anefysis

§
%

§

TABLE
B
NCAT
Leb ®¥ Ral-1
Sleve Walght ret Percent passing
each slovt each sieva size
142
1 100,00%
)7/ 0.1 9760%
» 244 TOT2%
"~ 1844 6503%
] 219 41.77%
#16 Ry 2793%
®30 120 1837%
[ ] 1048 10.02%
#100 653 S&%
¥200 27 301%
#4200 26
<200 wesh »2
Total 12581
NCAY
Lab & Rel-2
Sleve  Waight ret Percent pessing
asch sliewt each sleve size
112
] 100.00%
w» 15 9876%
] 205 81.80%
[ 1835 06.62%
[ 3094 4L02%
#16 814 26.01%
[ <] 1176 1629%
30 A 848%
#100 483 465%
w200 287 24%
4200 21
<200 wash ZA
Totak 12087
NCAT
(V.1 Ral-d
Sleve  Weight ret Percant pessing
oach devt sach sleve size
1142
1 100.00%
7 242 98.11%
wn 22 80.78%
[ 2] 1934 6&569%
[ ] 328 40.10%
#16 1846 2491%
30 1216 15.2%
NS0 4 809%
#100 454 455%
#200 255 256%
4200 18
-200 vash 209
Tatat: 1281.7
NCAT
Lab @ Rai4

Gradution Anulysis

Sleve Welght ret Percent passing

each sieve each sieve size

112

1 100.00%
17 214 88.23%
n 1903 82.45%
®4 1635 6890%
"5 058 4355%
e 1891 27.88%
30 1242 1759%
#50 994 9.35%
#100 496 524%
#200 2718 293%
200 7

-200 wash 17

Totat: 1206.6



PAGOSA TROUT LAKES
GRADATION COMPARISON USING THE NCAT OVEN
TASLE A REPRESENTS THE GRADATION OF THE AGGREGATE WKTH NO ASPHALT ADOED

TABLE 8 REPRESENTE THE GRADATION OF THE AGOREGATE AFTER ASPHALT WAS ADOED AND BURNT OFF INSIDE THE NCAT OVEN

TASLE VABLE
A B
" 18 MCAT
PURE AGOREGATE
Orudutions X Lab e €211  #enNCAY X Gradulion b s 214
10-10-85 10-10-85
Weight retz Percent passing Bavy Vielgft rut Percent patsing
sach sleve sach sieve sl sach sheve esch sleve oirm
112 112
1 100.00% correct gradation 1 100.00%
w1 3 00.74% 12 100.00%
b 305 S0% k] mat  T565%
[ I 4043% [ 218 $1.00%
[ 193 Naex [ 1524  M.76%
ae 1222 22715% (a1 1317 25.60%
[ TTA  16.08% (] KA 1L28%
=~ $81  11.00% [ ] @y 1285%
#1006 408 TA% #100 a1 0%
20 2 S% 200 pIB IR Y 1 3
8200 34 4200 23
<200 wash 504 -200 wash [}
Tatat 1622 Votat 1"
nm )
MCAT
Gradetion Anslyvis (¢ T sl  eendCAY Gredafien e tes
10-40-88 10-10-85
t - ] Welgft ros Parcest paseing ) Woeight retainad in ~ Purcest paseing
ek sievy voch sirve she cach slove coeh sievy slne
142 112
1 0.00% corraal gradation 1 100.00%
wn 24 0e80% v 100.00%
e 015 MNS% 3A M8 MNU%
o X34 HI% [} 2079 f240%
[ s 4% [ ] 10 MNox
ol 154 20.00% e 1223 2.8%
0 1102 21.25% «0 5 1e2%
c2a ML usx [ ] €2 1153%
o100 HA LM% €100 0y M
«0 W7 8% 200 NS $o%
<3259 3 LD 28
=300 wesh [ -] <200 wash (5]
Vetut 1108 Vetat: 12007
M
»
Gradetion Anslyris Labs &27s3  seaNCAT x Gradation Analysls e Tl
30808 10-1005
E Vwelght etz Fercent pasuing S Welgt retainad it Parost paseing
ooch sleve sach sieve sl ooch sleve ooch clove s
142 12
1 100.00% sorect gredetion 1 100.00%
w2 49 A% w $00.00%
n M8 T227% n 028 Ms%
[ .3 M2 LTAS% - 205 S04
. 244 201% (] 195137 wsex
(40 13 s (4[] 1254 20T%
0 Qs 1Krex «0 €7 wuInx
s "2 WK = N4 N%
100 “S AT #100 22 Aex
20 ne  4a¥ex 00 N4 emx
4200 4 4200 23
=200 wesh a8 «200 wash s
Totat 12027 Tatak uns
NCAY
A
Orodation Analysa tabe Tl wen-NCAT
10-10-0%
Seave Weig/t ret: Percant pacsing
oach sieve such sleve st
1w
1 100.00% oorrect gradetion
w2 26 0.%
»e B4 T03T%
[ ] 208 S0.00%
L. 2163 30.81%
e 1354 21.73%
Q0 #62 2000%
(2] T4 13.82%
€100 85 0.81%
€200 2 6.4%
4200 12
-200 wash ny
Total 2441
SA
Gradation Anmlysis Lzb ¢ 6278  non-NCAT
10-10-85
Seve  Welght rets Peroent passing
each dove cach sicve size
112
1 100.00% oorrect gradation
1”7 100.00%
p 0.2 T5.03%
[ W85 S0.17%
” 9T HN%
&8 1222 MOT%
30 54 174A% B 1 2
#50 @ 11.94%
6100 49 T7.09%
€200 202 S8%
4200 1.1
<200 wash ]

Yotad 1423



Franciscotti

GRADATION COMPARISON USING THE NCAT OVEN

TABLE A REPRESENTS THE GRADATION OF THE AGGREGATE WITH NO ASPHALT ADDED

§96x MIX

TABLE B REPRESENTS THE GRADATION OF THE AGGREGATE AFTER ASPHALT WAS ADDED AND BURNT OFF INSIOE THE NCAT OVEN

Total: 12996

TABLE
A
1A
AGGREGATE , UME ADDED
10-24-85
Sleve Welght retainedin ~ Percent
oach sleve each sleve size
1t
1 100.00%
- 6.1 99.59%
am 2964 67.61%
L] 3129 £2.44%
[ 145.7 30.68%
e 1023 243%
R0 872 15.40%
S0 6 9.76%
®#10C 449 6.16%
#200 205 178%
-#200 4
=200 wash Q9
Totat 12397
2A
AGGREGATE . LIME ADOED
Gredatior X Lab®
10-24-85
Glow Welghiretalnadin  Percant paseing
each slove oach sleve siza
112
1 100.00%
2 100.00%
k7] 736 T025%
[ ] fv4) 44.52%
[ ;] 138 33.86%
«#16 942 2636%
30 919 19.04%
30 828 1245%
400 614 TA8%
%200 386 4.80%
F200 38
<200 wash 665
Towt 12556
IA nonNCAT
AGGREGATE , UME ADOED
Gradatior X Labe
10-24-03
Slove  Weigtretainodin P ssin
each siove each sleva size
112
1 100.00%
2 100.00%
) 391.1 6959%
(23 kv N4 4426%
] 160.1 3181%
#16 117 3 13%
€30 814 16.02%
#50 122 10.40%
#100 47 6.75%
*200 21 425%
-#200 41
<200 wash 50.6
Totat 1286
4-A
non-NCAT
AGGREGATE , UME ADOED
Gradatior X Lab®
10-24-95
Sleve Weightretainedin  Percent passing
each steve each sleve size
12
1 100.00%
1 36 99.72%
k.3 3718 TLU%
[ 23 3076 47.45%
"3 150 3591%
#16 116.6 26.94%
K30 106.1 18.76%
#50 &8.1 12.00%
#100 574 7.58%
#200 s 4.69%
#2230 36
200 wash 574

‘non-NCAT

aon-MCAT
59628

§96%-7

596x-8

TABLE
[:]
1B
NCAT
10-2395
Slave Woelght retainedin ~ Percent passing
each sieve oach sieve size
112
1 100.00%
w2 61 99.49%
»n 3361 T145%
[ 2006 45.3T%
(..} 1616 288%
16 1045 24.10%
0 a3 17.23%
50 708 11.22%
#100 486 121%
200 328 483%
-&£200 27
~200 wash 516
Totut: 11945
Analysie b
102305 28
Sev  Weigtretain Percent passing
eech sleve oach sleve slre
12
1 100.00%
wn 72 2941%
] 3656 6.52%
" 2997 4501%
[ ) 1289 33.66%
#16 107.7 2084%
®0 918 1734%
50 ns 11.30%
#100 483 135%
200 2 4T3%
4200 23
<200 wash 658
Tobat: 229
Gredation Anafysis (¥ .1}
10-2305
Sevm  Weightretainedin  Perceat pessing
each sleve each sieve size
112
1 . 100.00%
w 34 89.73%
) 3636 TOAT®
“ 3023 46.14%
L] 1543 72%
#16 115 24 46%
®0 2956 18.77%
«30 74 10.82%
%100 417 6.96%
¥200 323 438%
#200 46
~200 wash 498
Totat: 12426
Gradation Analysis Lab ¥
10-23-95
Sleve  Weightretminedin  Percent passing
each sleve each sieve size
112
1 100.00%
in” 100.00%
s 3704 70.66%
4 3131 4583%
] 1471 MATS
#16 107 25.69%
30 856 18.11%
#50 792 11.83%
#£100 85 7.59%
H200 356 4.76%
~#200 s
-200 wash 563
Total 12613

596x4



IRWIN/WINSOR/STUTE P 647x MIX

GRADATION CCMPARISON USING THE NCAT OVEN
TABLE A REPRESENTS THE GRADATION OF THE AGGREGATE WITH NO ASPHALT ADOED

TABLE B REPRESENTS THE GRADATION OF THE AGGREGATE AFTER ASPHALT WAS ADOED AND BURNT OFF INSIDE THE A

TABLE
A
NON-NCAT NCAT
-5 -1
12 29 ©9.78%
k%] 258.7 79.98%
24 2788 58.65%
] 1840 44560%
n 100.00% #16 1403 31.76%
s 246.5 80.67% [ <) 12.¢ 24402%
[ 2] 2639 59.97% 850 1128 15.79%
#a 216.2 £3.01% #100 791 8.73%
816 1454 31.60% £200 415 610%
%30 1206 2214% 8200 6.4
#50 1053 12.88% -200 wash na
#100 713 68.28%
€200 Q@1 495% Totat: 1306.8
-#200 1048
-200 wash 528
Total: 12748
] 2
n 4 99.70% mn 6.4 BI.45%
s 2432 81.64% n 1897 8221%
#4 2078  6027% “ 2559 €011%
%8 217.1 44.14% &8 2023 4264%
#16 166.1 31.81% 16 1458 30.06%
830 131.7 2.0% 30 107.2 2080%
£50 109.4 13.00% &0 861 1337%
#100 71.8 BST% #5100 §67 B47%
%200 415 8.49% 8200 I3 559%
200 6.1 -£200 41
-200 wath 67.8 <200 wash 60.7
Totak: 1348.5 Totat: 11582
7 ? J
mn 100.00% 12 100.00%
kY] 2767 75.87% 7} 2732 78.89%
%4 205 56.65% 4 2639 58.50%
#8 166,1 QIT% *8 223 4287%
816 137.2 30.19% 816 1596 31.01%
#30 1149 20.18% %30 1196 21.76%
#50 90 12.33% /50 1003 14.02%
£100 558 7.48% %100 68 B.76%
#200 32 4.87% €200 411 559%
4200 75 1200 S8
200 wash 46.1 -200 wash 66.7
Totat: 1146.9 Total 12943
-8 4
12 76 99.40% 1”7 100.00%
kY] 2425 B0.37% kY 253.7  79.60%
84 248.6 60.86% #4 2342 60.78%
#9 204.3 44.82% #8 188.4 45.63%
#16 1466 33.32% ¥16 1505 23353%
#30 125 23.51% #30 1222 2371%
450 1121 1471% #50 1041  15.34%
#4100 75 8.82% 6100 706 9.66%
#200 443 5.34% 5200 425 6.25%
200 10.2 #4200 47
-200 wash 57.9 -200 wash 73

Total: 12741 Total: 12439



VALCO/ROCKY MOUNTAIN 688x Mix

GRADATION COMPARISON USING THE NCAT OVEN
TABLE A REPRESENTS THE GRADATION OF THE AGGREGATE WITH NO ASPHALT ADDED

TABLE B REPRESENTS THE GRADATION OF THE AGGREGATE AFTER ASPHALT WAS ADDED AND BURNT OFF INSIDE THE NCAT OVEN

TABLE TABLE
A TABLE 8
]
NON-HCAY NCAT NCAT
-5
-1
" 700.00% 17 100.00% 100.00%
» 2075 T56T% B M95  T1.69% 495 T71.69%
[ ] 171.1  61.68% L ] 1444 60.00% 1444 60.00%
0 2001 45.32% 3 WS Q0% 245 4£0240%
{41 ] 1198  35.54% %16 1269 X15% 1269 315%
0 1107 26.49% 30 1102 2423% 1102 2423%
£50 1766 1205% *50 1597 11.29% 1597 1129%
100 82 S500% #100 794 486% 794 486%
200 7.9 278% #200 261 275% 261 275%
-£200 27 ~£200 3t 31
«200 wesh "3 =200 wash 08 %08
Totat 12229 Totat: 12346 12346
&£ 2
7] 59 9951% 17 48 9962% 48 99.62%
» M1 7300% s 3405 T284% 3405 T294%
[ ] 1707 $9.14% [ 7] 1578 60.56% 1578 ©60.56%
] 192 ©Q30% ] 1877 4585% 167.7 4585%
#16 126 320% #16 1206 36.40% 1206 36.40%
®0 1002 2421% £0 1475 27.19% 115 27.49%
w50 1623 10.84% #50 1859 1262% 1859 1262%
#100 TI2 449% #100 839 626% K" 626%
200 D6 254% £200 3.7  285% 307 285%
£200 24 £200 39 39
«200 wesh 25 ~200 wash s 25
Totat: 12144 Totat 127598 127158
T 3
n 3 99.76% 17 53 99.55% 53 9955%
an 075  T5.41% k) 2855 T529% 2855 7529%
[ 7] 1749 61.56% 1758 60.34% 1758 60.34%
#3 1963  4586% &8 1849 4462% 1849 44.62%
#16 1145  236.79% #i6 1208 34.36% 1208 34.36%
30 1151  27.68% #30 1098 25.03% 1098 25.03%
#50 1906 1258% #50 1605 11.39% 1605 11.39%
#100 21 529% #100 T74 481% 774 4.81%
%200 285 303% #200 242 275% 42 275%
~#200 19 #200 22 22
-200 wash 364 -200 wash 30.2 30.2
Totat: 12628 Total; 1176.7 1176.7
4
-8
12 100.00% 100.00%
12 100.00% s 3039 76.69% 3039 766%%
8 3583 T7281% #4 1554 G4.77T% 1554 ©64.77%
#4 167.1  60.13% #8 2169 48.14% 2169 48.14%
#8 207.7 44.3T% #16 1474 3683% 1474 36.83%
#16 1235 35.00% #30 1308 26.80% 1308 26.80%
#30 1224 2571% #50 1913 1213% 1913 1213%
#50 188.2 11.43% #100 916 5.10% 916 5.10%
#10C 838 461% #200 30 2.80% 30 2.60%
#200 27 2.56% 200 s 39
~#200 31 -200 wash 326 326
~200 wash 30.7
Total: 13038 1303.8
Total: 13178

B-15



APPENDIX C

* Frequency Figures for Each Sieve Size



12.5 MM (1/2) SIEVE
FREQ. DISTR. (MEAN DIFF.S)

2

5/6 MEAN DIFFERENCES WERE
WITHIN THIS RANGE

(78]

Ll

=

Z i1 N

14

o |

Q

O

(@

LL

O

-

0.80% -0.70% -0.60% -0.50% -0.40% -0.30% -0.20% -0.10% 0.00% 0.10% 0.20%

MEAN DIFFERENCE (PERCENT PASSING)




# OF OCCURENCES

9.5 MM (3/8) SIEVE
FREQ. DISTR. (MEAN DIFF.S)

4/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

|

)

1‘
0.70% -0.50% -0.30% -0.10% 0.10% 0.30% 0.50% 0.70% 0.90% 1.10% 1.30%

MEAN DIFFERENCE (PERCENT PASSING)

1.50% 1.70%

c-2




# OF OCCURENCES

4.75 MM (# 4) SIEVE
FREQ. DISTR. (MEAN DIFF.S)

5/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

e

0.05%

0.15%

0.25% 0.35% 0.45% 0.55% 0.65% 0.75% 0.85% 0.95% 1.05% 1.15%

MEAN DIFFERENCE (PERCENT PASSING)

c-3




# OF OCCURENCES

2.3 MM (# 8) SIEVE
FREQ. DISTR. (MEAN DIFF.S)

6/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

™~
N

%

- 4 | - e — L ——

-0.80%

-0.65%

0.50% -0.35% -0.20% -0.05% 0.10% 0.25% 0.40% 0.55% 0.70% 0.85%

MEAN DIFFERENCE (PERCENT PASSING)

C-4




# OF OCCURENCES

-

0.625 MM (# 30) SIEVE

FREQ. DISTR. (MEAN DIFF.S)

6/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

0.25%

-0.15%

-0.05% 0.05% 0.15% 0.25% 0.35% 0.45% 0.55% 0.65%

MEAN DIFFERENCE (PERCENT PASSING)

0.75%

€-5




# OF OCCURENCES

0.3 MM (# 50) SIEVE
FREQ. DISTR. (MEAN DIFF.S)

6/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

—0.05% 0.05% 0.15% 0.25% 0.35% 0.45% 0.55% 0.65% 0.75%

MEAN DIFFERENCE (PERCENT PASSING)

0.85%

0.95%

C-6




# OF OCCURENCES

0.15 MIM (# 100) SIEVE

FREQ. DISTR. (MEAN DIFF.S)

6/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

.

0.00%

0.10% 0.20% 0.30% 0.40% 0.50% 0.60% 0.70% 0.80%

MEAN DIFFERENCE (PERCENT PASSING)

c-7




# OF OCCURENCES

0.075 MM (# 200) SIEVE

FREQ. DISTR. (MEAN DIFF.S)

6/6 MEAN DIFFERENCES
WERE WITHIN THIS RANGE

0.00%

0.10%

0.20% 0.30% 0.40% 0.50% 0.60% 0.70%

MEAN DIFFERENCE (PERCENT PASSING)

0.80%

0.90%




APPENDIX D

METHOD TWO

* Data Used to Create Figure 6
* Data Used to Create Figure 7
* Data Used to Create Figure 8

* Determination of Correction Factors Using Analysis Method Two



DATA USED TO GENERATE FIGURE 6

EXPERIMENTAL
5] E AGGREGAT CENT PASSINGERCENT PASSING O SINGLE OPERATOR PRECISION DIFF.
DESCRIPTION EACH SIEVE SIZE  AND RETAINED ON THE A B BETWEEN
NEXT FINER SIEVE [~ AFTER 3 6PLITS AASHTO COLUMN A - COLUMN B
STANDARD DEVIATION T27
OF THE AFTER 1 SPLIT
PERCENT DIFF.S AGGREGATE
BETWEEN EXP, ONLY
AND CONTROL SPECIMENS| 100 PAIRED
ALL POSSIBLE TEST RESULTS
COMBINATIONS
I PRECISON | PRECISION RECISION
(18),% (1S),% (18),%
172 COARSE 99.66% 0.30 i
3/8 COARSE 70.52% 29.14% 1.51 1.38
" FINE A5 83% 24.66% 153 0.64
] FINE 3361% 1223% 2.12 0.60
6 FINE 24.79% 8.82% 2.1 043
#30 FINE 17.36% 7.43% 120 043
#s0 FINE 11.32% 6.04% 119 043
#100 FINE 7.30% 4.02% 0.73 043
#200 FINE 4.60% 269% 045 014
EXPERIMENTAL
SIZE AGGREGATE CENT PASSI CENT PASS NE SIEV|SINGLE OPERATOR PRECISION DIFF.
DESCRIPTION EACHSIEVESIZE AND RETAINED ON THE A B BETWEEN
NEXT FINER SIEVE [~ AFTER 3 SPLITS AASHTO COLUMN A - COLUMN B
STANDARD DEVIATION T27
OF THE AFTER 1 SPLIT
PERCENT DIFF.S AQOGREGATE
BETWEEN EXP. ONLY
AND CONTROL SPECIMENS| 100 PAIRED
[~ ALLPOSSIBLE | TEST RESULTS
COMBINATIONS
PRECISON PRECISION PRECISION
(18),% (1S)% (18),%
SIEVE SIZE
COARSE 99.81% 0.35
i COARSE 80.17% 19.64% 263 0.95
#4 E 5051% 20.66% 1.87 064 o Am
#3 FINE 43.91% 15.60% 1.70 0.60
#16 FINE 32.09% 11.82% 2.01 0.60
#30 FINE 2.67% 9.42% 1.94 043
#50 FINE 14.63% 8.05% 1.35 0.43
#100 FINE 9.16% 5.47% 078 043
#200 FINE 5.88% 3.28% 0.45 0.43
EXPERIMENTAL
~ SIEVESIZE __ AGGREGATE PERCENT PASSINGERCENT PASSING ONE SIEV] SINGLE OPERATOR PRECISION DIFF.
DESCRIPTION EACH SIEVESIZE  AND RETAINED ON THE A B BETWEEN
NEXT FINER SIEVE [ AFTER 3SPLITS AASHTO COLUMN A - COLUMN B
STANDARD DEVIATION T27
OF THE AFTER 1 SPLIT
PERCENT DIFE.S AGGREGATE
BETWEEN EXP. ONLY
AND CONTROL SPECIMENS| 100 PAIRED
ALL POSSIBLE TEST RESULTS
COMBINATIONS
RECISON PRECISION PRECISION
115)% (15),% 118),%
COMBINATIONS COMBINATIONS
PRECISON PRECISION
{D1S),% (D25).%
SIEVE SiZE
COARSE 98.17% 057
an COARSE 81.19% 16.99% 1.77 0.95 p&
4 FINE 66.56% 1463% 18 0.6 4R
78 FINE 41.61% 24.95% 23 0.64 166
#16 FINE 26.68% 14.93% 212 0.6 1
#30 FINE 16.92% 9.77% 1.72 043 13
#50 FINE 8.99% 7.93% 1.01 0.43 259
#100 FINE 501% 3.97% 0.54 0.43 L% 1
#200 FINE 2.74% 228% 0.29 0.14 o4



DATA USED TO GENERATE FIGURE 6

EXPERIMENTAL
SIEVE SIZE AGGREGATE  JERCENT PASSINGERCENT PASSING ONE SIEV] SINGLE OPERATOR PRECISION DIFF.
DESCRIPTION EACH SIEVE SIZE = AND RETAINED ON THE A BETWEEN
NEXT FINER SIEVE OLUMN A - COLUMN B
STANDARD DEVIATION
OF THE
PERCENT DIFF.S AGGREGATE
BETWEEN EXP. ONLY
JAND CONTROL SPECIMENS| 100 PAIRED
ALL POSSIBLE TEST RESULTS
AAIMIIIA [ 1O
PRECISION PRECISION
1S)h% (1s)% (18),%
COMBINATIONS
PRECISON
{D18),%
SIEVE SIZE
COARSE 99.29% 0.59
e COARSE 81.88% 17.30% 1.91 0.96
M FINE 64.10% 17.89% 1.73 0.60
# FINE 41.67% 2.43% 233 0.64
w6 FINE 20.43% 12.24% 297 0.60
#30 FINE 21.19% 8.24% 272 043
0 FINE 13.63% 7.65% 1.78 0.43
#o0 FINE 7.85% 6.68% 1.2 0.43
#200 FINE 4.34% 3.50% 213 0.43
EXPERIMENTAL
8| G ATE JERCENT @ERCENT PASSING O SINGLE OPERATOR PRECISION DIFF.
DESCRIPTION EACH SIEVE BIZE = AND RETAINED ON THE A B BETWEEN
NEXT FINER SIEVE AFTER 3 SPUTS AASHTO COLUMN A - COLUMN B
STANDARD DEVIATION T27
OF THE AFTER 1 SPLUIT
PERCENT DIFF.S AGGREGATE
BETWEEN EXP. ONLY
JAND CONTROL SPECIMENS| 100 PAIRED
ALL POSSIBLE TEST RESULTS
COMBINATIONS
PRECISON PRECISION PRECISION
(18),% {18),% (18)%
COMBINATIONS
PRECISON
(D18),%
SIEVE 8I2E
i COARSE 89.79% 0.30
38 COARSE 74.16% 26.64% 235 1.38 £
M FINE 61.42% 12.73% 229 0.650 g2 1]
[ FINE 46.61% 16.81% 2.06 0.60 1o
#H6 FINE 35.18% 10.33% 2.04 0.60 <
30 FINE 25.81% 9.37% 1.81 0.43 39
#30 FINE 11.86% 13.85% 0.88 0.60 1
#00 FINE 5.01% 6.85% 0.38 0.43 £
#200 FINE 2.77% 2.24% 0.21 0.14 e
EXPERIMENTAL
] 8| GGREGATE ERCI SING ONE 8! SINGLE OPERATOR PRECISION 8
DESCRIPTION EACH SIEVE SIZE = AND RETAINED ON THE A B BETWEEN
NEXT FINER SIEVE R 3 Si S COLUMN A - COLUMN B
STANDARD DEVIATION T27
OF THE AFTER 1 SPLIT
PERCENT DIFF.5 AGGREGATE
BETWEEN EXP. ONLY
JAND CONTROL SPECIMEN! 100 PAIRED
ALL POSSHBLE TEST RESULTS
COMBINATIONS
PRECISON PRECISION PRECISION
(18)% (18),% 15)%
COMBINATIONS
PRECISON
(D1S),%
SIEVE SIZE
1 COARSE 100.00% 0.35
e COARSE 75.54% 24.46% 263 1.38
™~ FINE 51.20% 23.25% 1.87 0.64
e FINE 36.74% 14.56% 1.7 0.60
HHe FINE 26.02% 10.72% 2.01 0.60
00 FINE 18.76% 7.26% 1.94 0.43
#50 FINE 13.00% 6.76% 1.35 0.43
#00 FINE 8.80% 4.20% 0.78 0.46
#200 FINE 6.13% 2.67% 0.456 0.14

D-2



0% A% AR AT AZK DM QW% oat%  opi%

u&ﬁib ’@%ﬂfx
MEAN 017% 088% 1.17% 0.54% 0.07% 0.04% 0.16% 0.20% 0.22%
STD. DEV. 030% 151% 1.93% 2.12% 211% 1.20% 119% 0.73% 0.45%

16 COMBINATIONS o

ALSTON

MEAN
STD. DEV.

16 COMBINATIONS .
1o COMPNATIONS o

MEAN 0.03% -0.30% 0.80% 0.80% 0.05% -0.21% 0.13% 0.18% 0.06%
STD. DEV. 0.30% 235% 229% 2.06% 204% 181% 0.88% 038% 0.21%

D-3



FRANCISCOTTI
EXPERIMENTAL - CONTROL
172 v ™ (2] He 30 30 #00 00
3081 £)49%  T1A5% 4837T%  1288% 2.M8% 17.D% 11.37% 7.277%  4.53% EXP,
Se6XS £1.59%  67.81% 42%‘ igfﬂi 2243% 16A§ *;IE %id"‘ iﬂ% CONTROL
FF =04 J3% 0 K B .78
698X-2 4% 69.52% 4501%  JV.65% 2464%  17.34% 11.30%  7.28%  4.70% EXP.
[0S 160.00%  70.25% 44.52% 3).88% 2‘9.30* 18.04% 1245% 7.58%  4.80% CONTROL
% D! 713% 0. ~0. -1, 1. -0.5% -0.07%
59602 00.73% 7047% 46.14%  NT2% 448K 16.77% 10.827% 6.98%  4.39% EXP.
i3 44.26% 81 6.07% 4. oL
.78 0.

596X4 100.00% 7¢68% 45.83% M.17% 25.68% 19.11% 10.83I% 788%
£2.72% 3501%

RALSTON

SIEVE 1 “ 1] #8 0 £50 #00 #9200

NCAT-{ 72% B5.00% 4. K] 37% 10, .62 .01% EXP.

Ron-NCAT-S 89 0 % B4 (5% 15.68%  6.22% 4.84% CONTROL

% DFF =44 1.78%  0.84% 280% 2.70% B1% ) 0

NCAT-2 08.78% 61.80% 66.62% 41.02% 2001% 16.20% 648% 4.65% 244% EXP.

nor=NCAT8  08.96%  70.61% 08.04% 42.78% 27.64% 17.78%  05.30% 5.04%  2.50% CONTROL
3 & B R EX B X 3.

MCATA 011% 00.78% 48500% 40.10% 24.91% 1542% 8.09% 4.583%  258% EXP.

a 4,08 79.80% 8.76% 2 5.39% A %

VALCO/ROCKY MOUNTAIN/CAS PIT:

n s L] " #He a0 »o oo w00
NCATA 100.00% 71.€3% €0.00% 4340% ALISK  24.23% (1.28% 466X 2.75% EXP.
NON NCAT-S T6.87% 81,68% %26 12 08 18% CONTROL
% DeFF .00% ABE% -\ -{, 2% -228% 0. .14 -0.03%
NCAT-2 0082%  7204% 60.50% 45.85% 3040% 27.18% 12.627% 526%  2.85% DXP.
T§ _0eBI%  7M00% 50.14 BIOR _ M2A% % S4% CONTR(

a11% .9 K 25% 3.20% % 0.77% 03(%

NCAT) $55%  7520% S0.M%  44.82% M36%  2503% 11.30% 481X 276% EXP.
0.7 [} 45.68% 38.780% 27,

-521% 09

100.00% 78.67% BATT% 48.44% 661K 28.80% 12.12% 5.40%
4.7 3, 25,

22%  -1.%  243% -2

NCAT-4
MOM NCATA _ 107.30%

Irwin Windsar/Stute P{(:
1 kY] ™ ” e [} 50 00 #200
NCAT-1 59.70% 79.00% 50.85% 44.60% JITER £4T% 16.79% 8.N¥%

4,108 Exp
4

NON NCAT-S  100.00% 80.07%  88.97% 43.01% 31.
F X E .

=]

L 14% _ 11.86%  6.20

1

NCAT-2 £243%  B271%  80.11% 42.64% 0. oe% 20.80% 13.37% AGAT%  650% EXP

NONNCATS 3.7 81.04% 0.2 2203% 13 CONTROL

% DFF 4. 056%  0.16% -1, i -1.23% % -0 0.41%

NCAT-3 10C.00% 70.80% G8ED% 4207% JM.01% 21.76% 14.02% 876% 5.50% EXP

NON 77 {05, SA7% 5863 o% 2018 32 CONTROL

% DOFF 00% 202%  {.8% .. LB1%  1.68% .88% 0.01%

WCAY-4 u«om Te.60% 60.78% 45. m nsu nﬂi 15.34% 9 m 0.25% PP
5.34% CONTROL

0. B1ﬁ MH‘

D-4

FRANCISCOTTT

i n» | ” »3 <] (=3 #100 L)
s98X-1 80.49% 7145% 4837% 1288% 2H46% 7.23% 11.32% 7.27%  4,EI% EXP,
<) 100.00% 70.25% 44.52% 3IA.BE% 29.
D] 1. X
S30¢-2 09.41% £352% 45.01% 2385% UBA%E  17.3d% NI0%  1.35%  4.73% EXP.
38X 100.00% 8059% 44.28% 31.81% 2343% (0.02% 1040% 0.75%  4.25% CONTROL
I Q. A . . 3 . X 048
54BX-3 85.73% T0A7% 46.14% 72X  2446% 16 T7% 10.82% 496X  4.38% EXP.
SA8X-4 89.72% 71. l1$ g 12,00%
% DIFF X -2.0 ‘l -1.18
596X-4 100.00% 70.88% 45.81% 34.17% 25.60% 18.19% 1183K  759%  4.78% EXP.

5965 99.55& 67.01% 42.44% 30.88% 2243% l§;% $.79% 6.16%  ).7H% CONTROL
0.4 % 34 2, .

SIEVE SZK b 2 L] [ a[3 #0 #oa 20
NCAT: B L72%  65.03% 41.77% 2790%  18.37% 10.02%  5.62% 3.01% EXP.
non-NCAT-S

06.06% 70.81% 68.04% 42.76% _27.84% ]E‘ESZ 9.30% 6.04% 250% GONTROL
% DIFF {388 0.11%  -1.01%  090%  0.08% .83%  0.73% 087 043%

NCAT-2 96.76% 81.80% 8B8I% 41.02% 2601% 16.29% BABK 485K  2.44% EXP.
77 90.06% 79.56% 66.05% 30.76% 24.77% 1530%  6.08% 4.60%  2.61% CONTROL
2, 087 1 124% 0 .4 0.08 0.
2.56% EXP.

NCATS) 98.{1% BO.78% 65.69% 40.10% 24.01% 1542% BO0% 4.85%
08.69% 80.71% .

L.48%

NCAT4 2% M45%  8060% ¥ 27.80% 1759% B3N 324N
') X

ﬁ S$IZ% in e ) e *%0 #00
100.00%X 71.60% 60.00% 41.‘3'5 AS.15% 24 D% 1120%  4.88%
8 §051% 73080% 24.21% 10.84' 9
Q.41 -221 . .13¢ <0.05% Q0 0. 0. 0.20%

8087% 72.04% 60.56% 4505% WA%  77.18% 12828 528%
30.79% 77.68% 12 . 20%

% DiFF 0.44% -2, % 0.39%  -04B% O
NCAT-$ 09.55% 7535 60.34% 44.02% 3438% 25.03% 11.30%  481%  2.75% EXP,
of-NCATR 100, 44.37% 35.00% 4.681% .58% CONTROL
% DIFF 045% zlﬁ'ﬁ 0.28% -0.84% -0, -004% 02% D0.16%
NCAT 100.00% 78.60% B4.77% 48.14% J6.83% 20.80% 1213%  5.10%  2.80% BXP.
: 00.00% _78.6 81,68 45,2, 35 5.00% 4%

R pi: ] o4 L] e 0 850 HRO
00.78% T70.86% 5D.65% 44.50% 33.78% 2447% 1670% 0.73%
2% 1 R 80 8.579

88, 705 0. 6‘%

4} 14% 1.01%
NCAT-3 100.00% 78.80% 68.50% 4207% M.01% 2(.76% 14.02% 878%  5.S0% EXP
T4 0040% BO3 80,8 BIZK__DBI% 8.82% 6.34% CONTROL
DIFF 0,60% - -1 -2.3% -1.74! X 0.08% 0.24
NCAT4 100.00% 70.60% 60.78% 4SAI%X  2I5IX  R71%  (5.34%  4483%  4.25% BEXP
N-NCATS  100.0f 4301%  31.680% 13,86%  6.26' 4 CONTROL
DIFF 0.00% - 0.8§ 287% 183% (.58%  148% 137 1209



FRANCIBCOYTI

1 w a4 “© He (5] 228 #100 00
98X M48% 7145% 4837% 32.88% 24.16% 17.23% 11.02% 7.27%  4.53% EXP.
S88X7 . 50.50% 44,28% J1.81%  21.13%  16.02 .4 . 25% CONTROL
508%-2 Bedi®  0252%  4501% I3.85% 2U8%  (734% 1130% T.8%  4.73% EXP,
548%-2 £2.72% 7111 4745% 1501% 20.94% 18.78% 1200% _ 7.86%  4.(3% CONTROL
. % -1 2A5% -2 -2.10%  -1A4% .Z3% 0.
506X-3 RTIN  7047% 46.44% WNTIRN  M4A8%  {8ITH  10.02%  6.08%  4.38% EXP.
586%-& £.50° 01% 42, A.00% 240X 1640% 9.78%  0.16% ).!!% CONTROL
F. 0.4 .BS' kR 03%  20%  [3r%  1.03% 0At% O
500X-4 103.00%  70.084% 4583% M.17FH 26.03%  18.11% 11.83% 75048  4.76% EXP.

33.86%  26.38%  10.04%

10000% 70.25% 44.52%

RALSTON
SEVE SZE b s e 00
NCAT-{ 8.7 . 41.77% 27.0% 180 01% BXP.

30.76% 24.77%  13.38% .03% CONTROL

% DFF 148 20(%  3.16%  288% 0.38%

NCAT-2 G76% B180% 6B62% (1.0T% 28.01% (620% BAS%  4.B5%  244% DO

nOnNCAT- _ SL69% 81.77% 00.71% 43.10% 20.40% {0.95% 048% 522%  2.83% CONTROL
V. . =2 2 -1 -1. . 3

NCATQ BLA1% BOJE% 65.60% 40.10% 24.01% (547%  0.09% 455%  2.56% EXP.
55,08% 7793% 64.18% 39, 4% 15 454%  243% CONTROL

%H_mg—iﬁu—lﬁwv 0% 0. %‘E !-'Bﬁ iiﬁ 00K 0.0

NCAT- £1.23% B248% B83.60% 41E5% 27.88% 17.60% 036% 524% 2% EXP.

CATE  G206% 7951% 00.04% 42.70% 27.84% 17.76%  0.30% a.qﬁ_;;gﬂn@,
Ry T73%  288%  2B7%  0.70% 004% -0.186% 0.06%  0.(6% 0.

VALCO/ROCKY MOUNTAIN/CAS PIT:

W_m i ' ™) I R
(05.00% 71.67% BO.0D%  A343% I315% 243K 11.20%  4BE%  2.75% EXP,

o L]6% TEA1% 81.86% 38.79% 12.68% 528% Q.
% Dir? MR I -1EI% - L84%  345% -1.20% 0.43% 028
NCAT-2 GEIN  724%  BOES% 45.85% 3840% 27.18% 12.82% 526%  288% EXP.
on-N 00,00% .81%  60.93% 44.37% 3500% 2571% 1143% 4.81% 258% CONTROL
% DiFF A3% 013% 4% 40% f.48%  0.BS%  029%
NCATS #0.55% 75.20% 60N 4482% 34.38% 26.00%  14.38%  4.81%  2.75% EXP.
100.00% 35.54% 2649% 1205% 5.00% & oL

4532%
. 0. 0.18% -0
100.00% 78.83% B4.77% 4B.14% 30.683% 2880% 12.13%  65.10%  2.00% EXP.

.00% __ 8611 10.84%

Irwin Windsor/Stuts Ptt:
n ¥z - L] *E [<]] #50 #Hoe 200
NCATA €3,76% 79.0€% 68.65% 44.50% 337N 24.40% 156.78%  0.73% B.40% EXP
C2.00% BT% 58.686% 4217% 309 20,i8% 12.33% 7.40% CONTROL
<22% 4A11% 2 233% 57% 424% 2 221% A3
NCAT-2 £5.45% 8221% BO.11X  42,64% 30.06% 2080%K 133IT%  BAT% 5.50% EXP
%‘[J £240% 0037% B006% 44.802% 3A32% 2351% 14.71%  6.82% 534% CONTROL
0.04% 1.8 -0.78 -2.96%  A28%  279%  -1U% -0.35% 0.25%
NCATS 1Ca00% 70.88% B050% 42.87% .01%  20.76% 14.07% 870% 5.50% EXP

8 1CA00% 80.07T% 68, OO01%  31.00% 22.14% 13.880%

G00% 1.
RCAT4 1C2.00%  79.00% 60.78% 43.50% JAZIN  23.71%  18.M4% O8N 6.25% EXP
rOP-NCAT-S _ (6.70% 857%  5.48% CONTROL

81.04% 80.27% 4414% J181% 2203% 13.00%

(73 n a4 " He L <) (1] #100 #200

SBEX-1 89.40% 71458 48.37% 3288% 2418% {7.23% 11.32% 7.27% 4.53% EXP
£56X-B 88,727% 1% 47 8.76% 12 7, CONTROL

. .. 0.33% -1.08% 3.03% 2.7 -158%  -D67% -0.31% .
558%-2 B8941% 6282% 45.01% 33.58% 24.84% (1.34% 11.30%  T.35%  4.73% EXR.
SIS B9E0% 6781% 4244% 30.60% 22.43% (340% 0.78%  6,18% lg& CONTROL

A . . 184 B
594%X-1 F0.73%  T0A7T%  40.14% 3 72%  2446% 10.77% 10.82%  6.48%  4.33% EXP.

2% o6 0.04% .88% B
568X-4 100.00% 70.66% 45.83% M.7%  25.L%  (B.11KX  11.8% 7.50%  4.70% ©XP.
. 5 3 2 10.AD%

,56% 44, 18,02%

5]
i 127% 65.03% 41.77% 27.00% 18.37% 10.07% 51 exe,
AT B8.00% B1.77% 66.71% d43.48% 20.40% 1BIE% 048% 5 % o
% DIFF. o 264% ). SR D4TR 0% 0% og% o.‘aim""
NCAT-2 0B76% B1.60% 66.82% 41.02% 28,01%K 1820% BASR  4.05%  244% EXP.
non-NCAT-S  $9.06% 77.83% B4.18% 3B.07% 26.14% 15.68%  0.22%  4.54%  243% CONTROL
KDFF. J3% 0% 06 0.50% X 0. € onix

4.55%  2.53% BXP.

NCAT- $6.11% B80.78% £5.80% 40.10% 214.91% 1542% 8.00%
4 5 4 A S.04%

£$8.95% 78.81% 66.04%

NCAT-4 88.23% B245% 60.00% 4355% 27.88% 1750% H35%  S.24%
&8, '] 77% 15

277T%  2.685%

SEVE 8ZE 172 k) “ [ ] He 30 0 #1600 w200
NCATA 100.00% 71.60% B80.00% 4343% XA15% 24.23% {1.28%  4.60%  2.75% EXP.
100.00% 3% vA' i1 CONTROL

% DEF. 0.00% -4

NCAT-2 88.82% 7284% 60.68% 45.85% 36.40% 27.10% 1282% 52O%
. 35 0%

NCAT-3 B0.55% 75.20% 60.3d% 44.62% I4.38% 2603% 11.30% 4.81%

NCAT4 100.00% 78.68% B4.77% 4B.14% 3863% 28B0% 1293%  5.10%
5

n k] " ” e 0 50 #00 200
NCATA 60.78% 700B% 5B BS% 4450% 3176% 24.42% 1570% 0.73%  0.10% EXP
nmwg,g[-l “’ﬁé B0.37% 80.86% 44.82% 3333% 216(% 1471% 6.87%  5.34% CONTROL
% DiFF. 221%  -0.33%  0.44%  0.61%  1.08% 0.81% 0.73%
NCAT-2 G0A5%  B221%  B0.11% 4284% 3006% 20.80% 1337%  6.47%  588% EXP

58.67%

100.00% 78.89% 58.50% 4287% 31.01% 21.78% {4.02% 8.76%

100.00% 76.60% 60.79% 4B.63% 253% 2QTI% 1534%  5.60%




MONK PIT:

BIEVE SIZE hir 8 #4 " al] 30 #50 #00 #200

NCAT-2 66.63% B3.61% 85.02% 42.68% 30.80% 2284% 14.76% 0.57% 7.91% EXP

NCAT-3 65.16% 81.68% 64.70% 43.70% 31.00% 23.41% 1484% 791%  2.14% EXP
3 86.32% 4241% .50% 7,28

PAGOSA TROUT LAKES 15 POSSTBLE COMBINATIONS
17 8 ] L] (2] 990 #50 #oa #200
NCAT4 103.00% 73.34% 5240% J5.685% 25.35% 18.28% 1253% B3s% 583% EXP
NCA $5.74% 33.26% 22.75% 16.09% 7.57% . R

B.45%

NCAT-§ 100.00% 74.83% 50.48% 37.50% 27.07% 10.71% 13.B1% 9.44% 0.61% EXP

NCAT-8 100.00% 75.85% 61.00% 36.76% 25.60% 18.20% 1265% 068% 5.94% EXP
46%

Non NCAT-3

SIEVE SIZE 12 38 #4 3 # w30 #30 #100 ¥200
NCATA E B221% 62.66% 38.00% 25.14 17.44 . 8. 3.17% EXP
. . 0% 23

no X X JI% __827% _ 3.63% CONTROL
% DWF 024%  3.30% -0.06% 5. 560%  3.66% -1.74% DA
NCAT-2 99.53% BISI% 6502% 4268% 30.80% 2254% 1476% 9.57%  7.91% EXP
no 7 0850% E273% 6632% 4241% 2037% 19.86% 1250%  7.26% _ 355% CONTROL
DIFF 0.08%  0.B8% -1.31%  0.27%  243%  207% 2. 720%  438% >
NCAT-3 99.16% B1.66% 64.76% 4370% 3100% 2341% 1484%  791%  3.14% EXP
nop-NCAT-3 _ 9950% 70.58% 63.54% 4281% 3048% 2181% {3.73% 7.86%  3.23% CONTROL
% DIFF 00%  Z10%  1.24%  089%  142%  156%  1.11%  0.26% 0.09%
NCAT4 100.00% BOA7% 64.06% 4226% 2068% 2037% 1344%  7.08%  2.15% EXP
nonNCAT5  £750% B0.08% 8274% 41 2890% 2054% 13.15%  7.86%  3.72% CONTROL
% DIFF 050% 0.37%  1.32%  0.87%  088%  0.83%  0.20% 0.26% -05
PAGOSA TROUT LAKES 15 POSSIBLE COMBINATIONS

n n “ ' M5 w0 #50 MO0  #200

7634% 5240% I5.85% 25.36% 19.28% 1253% 6.36%  5.83% EXP

NCAT4 100.00%
Non NCAT-3 .46%

72.271%

74.63% 50.48%

32.01%  22.27%
B 0%

16.76%
Ey

8.97%

9.44%

73.50%

75.65% 51.00%
78.99%

8.59%




MONK PIT:

BIEVE SZE 4 # e [} #30 #50 #100 #200
ICAT-1 X 62 38.03% 14% £ 1% B.B2%  3.17% EXP

7.28%  3.65% CONTROL

-139% -0.76% -0.38

NCAT-2 60.53% B381% 65.02% 42.60% J0.80% 22.54% 14.76% 9.57% 7.01% EXP
T2 €35 1% 3 21.81% 13.73%  7.86% 23% CONTROL

% OIFF OT%  404%  1.48% 181%  4.67

NCAT-Y 0.96% B1.68% 64.76% 4370% 31.00% 2341% 14.84%  7.91%  314% EXP
nonNCAT-5 _ GD50% BD.0G% 62.74% 4140% 20.60% 2054% 13.15%  7.66%  3.72% CONTROL
WOFF  -0.54%  150%  204%  230%  3.00%  207% (60% 0.25% -0.56%
NCAT-4 100.00% B80AT% B406% 4226% 20.88% 21.37% 1344%  7.38%  3.15% EXP
nonNCAT-S _ G0.24% 7B.83% 6342% 43.15% 31.60% 23.12% 14.77% 3.63% CONTROL

% DFF 070%  1.64%  054% 0.88% -1.72% -1.76% -1.34% 0.60% -049%

PAGOSA TROUT LAKES 15 POSSIBLE COMBINATIONS

n s w4 [ e 30 #50 #100 #200
NCAT-4 100.00% 76.34% 5240% 3505% 25.35% 18.28% 12.53% 8.36% 5.83% EXP
N: \T- 90.00% 76.89% 64.75% 41.27% 20.60% 21.25% 14.52% _ 9.84%  6.63% CONTROL

NCAT-5 100.00% 74.83% 5048% 37.50% 27.07% 10.71% 13.81% 0.44% 8.81% EXP

N: \T-3 __00.48% 72.27% 4785 32.01 22.27% 15.76% 10.58% 6.07%  4,74% CONTROL
DIFF .54% 2.3 2562 .58 3.85% 3. 247%

NCAT-6 100.00% 75.85% 51.00% 36.76% 2563% 10,20% 12.65% 858%  5.84% EXP

11.08% f 5.33% CONTROL
.56%  1.02% 0.8

2.75% __16.09%

Non NCAT-{ $0.74% 73.50% _48.45% _3).26%
% .

D-7

SIEVE SIZE 2 Lal] *30 #100

NCATA 96.47% 8231¥ H 1113 58 3% 25.14% 1744% 11 11% B57% 3. ﬁg EXP
non-NCAT-3  00.50% 7058% €3.54% 4281% 3048% 21.81% 13.73%  7.66%  3.23% CONTROL
% DIFF -0.02% -0.88% 478% 534% 4.38% -2.62% -1.13% -0.06%

NCAT-2 68.53% 85.02% 42.88% 30.B0% 2254% 14.76% 9.57% 7.81% EXP
Non-NCAT-5  88.50% §2.74% 4140% 2800% 20.64% 7.66 .72% CONTROL
% DIFF -0.97% 1.28% 1.80% 200% 1.61% 1.9 5

NCAT-3 96.16% 4370% 31.80% 2341% 14.84% 7% 3.14%. EXp
NON-NCAT-8  88.24% 43.15% 31.80% 23.12% 1477% B8.27% 3.%%% CONTROL
% DIFF -0.07% 055% 0.30% 0.28% 0.06% -0.35% 0.

NCAT-4 100.00% 42.26% 20.88% 21.37% 13.44% 7.28%  3.15% EXP
non-NCAT-7 _ 98.50% 4241% 2837% 19.66% 3.55% CONTROL

% DIFF

PAGOSA TROUT LAKES

NCAT—4

1.41%

-0.95%

NCAT-5 100.00% 74.63% 50.46% 37.68% 27.07%
Non \T-8 .00% _ 76.02% 50.12% 34.20% 24,37
% DIFF 338% 270
- e
NCAT4 100.00% 3585% 2535%
Non , % k)
NCAT-5 100.00% 7.59% 27.07%
Non NCAT-7  99.78% 38.61%  27.73%
% DIFF 0.21% -1.02% -0.86%
NCAT-8 100.00% 30.76% 25.83%
Non 99. A

NCAT-8
Non NCAT-8
TFF

100.00%
100.00%

0.0i

n
10000% 7634% 52.40% 35.85% 2535%

7% 7937% 5600% 3&01% 2773% 2000%

25.83%
24.37%
26%

1.70%  0.64

15 POSSIBLE COMBINATIONS

30 #50
18.20% 12.53%

13,1 BZ%

18.71% 13.81%
1749% 11.84%
.87

#30 #50
18.26% 12.53%
17

0.79%

19.71% 1381%
20.00% 13.82%
0.28% 0.20%

18.20% 12.65%
13.62%
-0.86%

16.20%  12.65%
17.48%  11.64%
0.80%

#00
8.36%
B. 81%

0.44%
7.9

0.44%
8.91%
0.53

8.50%
891%
-0.33%

8.50%
7.98%
.60%

#200

5.83% EXP
6.34% CONTROL

8.61% EXP
6.34% CONTROL
0.27%

5.04% EXP
8.34% CONTROL
-D.40%

5.84% EXP
8.64% CONTROL
0.30%



FRANCISCOTTI
CONTROL ONLY
112 y8 w4 3 #16 #30 #50 #100 #200

% DIFF. -0A41% -2.83% -2.08% 3.18% -303% -3.84% -2.66% -1.71% -1.02%
% DIFF. 0.41% -197% -1.82% -1.13% -069% -062% -0.62% -059% -0.47%
% DIFF. -0.13% -3.50% -5.02% -523% -451% -3.38% -221% -1.42%  -0.91%
% DIFF. 0.00% 066% 0.26%  205% 3.24%  3.02%  2.04% 1.13%  0.55%
% DIFF. 0.28% -087% -293% -205% -0.58% 027% 045% 030% 0.11%
% DIFF. 026% -1.53% -3.19% -410% -3.81% -276% -1.58% -0.83% -0.44%
MEAN -0.07% -164% -246% -227% -171% -1.18% -0.77% -052% -0.36%
STD. DEV. 0.31%  1.45% 1.75% 257%  296%  25%9% 1.78% 1.07%  0.80%

RALSTON

hI73 Ja ] #8 #e #30 #50 #100 #200

% DIFF. 0.12% -1.68% -1.85% -279% -271% -207% -1.08% -050% -0.18%
% DIFF. £0.00% -1.75% -1.86% 021% 036% 028% 0.13% -0.05% -0.21%
% DIFF. 0.38% -3.83% -252% -320% -3.26% -2.48% -1.28% -0.88% -0.40%
% DIFF. -0.12% -0.08% -0.01% 3.00% 3.07% 235% 122% 045% -0.05%
% DIFF. 0.27% -216% -0.67% -0.42% -056% -041% -0.18% -0.18% -0.24%
% DIFF. 0.39% -2.08% -0.66% -341% -3.63% -276% -1.40% -0.63% -0.18%
MEAN 0.17% -1.83% -1.26% -110% -1.12% -0.85% -0.43% -0.27% -0.21%
STD. DEV. 021%  1.20% 006% 251%  255% 1.88% 1.01% 0.43%  0.12%

VALCO/ROCKY MOUNTAIN/CAS PIT

12 38 s #16 #50 #1100 #200
% DIFF. 0. 1. 202% 2.3 .20% 0.24%
% DIFF. 0.24% 026% 0.12% -054% -1.25% -1.19% -054% -0.29% -0.25%
% DIFF. 0.00% 2.86% 155% 095% 054% 0.76%  062% 038% 0.22%
% DIFF. 0.25% -1.51% -245% -256% -358% -347% -1.74% -0680% -0.49%
% DIFF. -0.49%  1.09% -1.02% -1.07% -1.80% -150% -058% -0.13% -0.02%
% DIFF. 0.24%  260%  1.43%  149%  1.79%  1.97%  1.16%  0.88% _ 0.47%
MEAN 0.04% 1.18% 037% 005% -033% -0.19% 0.02% 006% 003%
STD. DEV. 0.36% 1.63% 1.86%  1.74%  228% 224% 117% 0.56%  0.35%

DATA USED TO GENERATE FIG. 7

A

A 8
RALSTON AASHTO T 27
STD, DEV.(18) STD. DEV.(1
_'_sé—];_s)‘um _

1.20% 0.95%
0.96% 060%
251% 0.84%
250% 0.60%
1.98% 0.43%
1.01% 0.43%
0.43% 0.43%
0.12% 0.14%
A B

FRANCISCOTTI

RALSTON

DIFF.
AB

VALCO/ROCKY MOUNTAIN/CAS §

DIFF.

VALCO/ROCKY MOUNTAINI/CAS PIT

STD. DEV. ‘1% AASHTO T 27
0.36% STD. DEV. (1S)
.38%

1.63%

1.86% 0.60%
1.74% 0.50%
228% 0.60%
2.24% 0.43%
1.17% 0.60%
0.56% 0.43%
0.35% 0.14%

D-8

S—_—
i
el




% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

MEAN
STD. DEV.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

MEAN
STD. DEV.

IRWIN/ WINDSOR / STUTE

12 38 #4 #8 #16 *30 #50 #100 #200

030% -0.98% -030% -1.14% -021% 012% -0.02% -0.28% -0.50%

0.(0% 4.7%% 3.32% 0.84% 1.41% 1.97% 155% 083% 0.32%

0.60% 029% -0.89% -1.82% -1.72% -1.36% -0.82% -053% -0.36%

0330% 577% -3.62% 1.98% 1.61%  1.85% 157T% 1.11%  081%

0.20% 1.27% -D59% -068% -151% -1.48% -081% -026% 0.14%

0.60% -450% -4.21% -266% -3.12% -3.33% -238% -1.36% -0.67%

0.25% 1.11% 0.16% -0.58% -059% -037% -0.15% -0.08% -0.04%
055% 3.7%% 2.93% 1.72% 187%  2.08% 163% 091% 057%

MONK PIT

7 38 o ¥ #16 #30 #50 #100 #200

0.27% 1.26% -068% -1.75% -2.70% -258% -1.62% -0.60%  0.09%

0€1% -264% -3.58% -1.01% 052%  0.88% 0.65%  0.38% 0.17%

0.01%  052% -080% -1.41% -1.58% -1.27% -058% 0.01% 04%%

0.65% -3.80% -290% 074% 322% 346% 227% 0.99% 0.08%

026% 0.75% 0.12%  0.34% 112% 131% 104% 061%  0.40%

0.91%  3.15% 278% -040% -210% -215% -1.23% -0.38%  0.32%

011% -039% -0.88% -058% -0.26% -0.06% 009% 017% 0.26%
0.65%  259% 2.26% 088% 227%  2.34% 1.48%  0.60% 0.17%

D-9

A

B

IRWIN/ WINDSOR / STUTE
STD. DEV. {18) AASHTOT 27

0.35% STD. DEV. (1§

3.79% 0.95%
172% 0.60%
1.87% 0.60%
2.08% 0.43%
1.53% 0.43%
0.91% 0.43%
0.57% 0.43%
A B

MONK PIT

STD. DEV. (1S) AASHTO T 27
0.65% STD. DEV. (18)
2.5%% 0.85% .
2.26% 0.60% !
0.98% 0.64%
227% 0.60%
234% 0.43%
1.48% 0.43%
0.60% 0.43%
0.17% 0.43%

IRWIN/ WINDSOR / STUTE

DIFF.

MONK PIT

DIFF.




FRANCISCOTTI

CONTROL ONLY
1/2 3/8 #4 #3 #16 #30 #50 #100 #200
% DIFF. -0.41% -263% -208% -3.18% -3.93% -3.64% -266% -1.71% -1.02%
% DIFF. 041% -1.97% -1.82% -113% -069% -062% -062% -0.59% -047%
% DIFF. 0.13% -350% -502% -523% -451% -338% -221% -142% -0.91%
% DIFF. -0.00% 0.66% 0.26% 2.05% 3.24% 3.02% 2.04% 1.13% 0.55%
% DIFF. 028% -087% -293% -205% -0.58% 0.27% 0.45% 0.30% 0.11%
% DIFF. 028% -1.53% -3.19% -410% -381% -2.76% -1.59% -0.83% -0.44%
MEAN -0.07% -1.64% -246% -227% -1.71% -1.18% -077% -052% -0.36%
STD. DEV. 0.31% 1.45% 1.75% 2.57% 2.96% 2.58% 1.78% 1.07% 0.60%
RALSTON
1/2 3/8 #4 #8 #16 #30 #50 #100 #200

% DIFF. 0.12% -1.68% -1.85% -279% -2.71% -207% -1.08% -0.50% -0.16%
% DIFF. -0.00% -1.75% -1.86% 0.21% 0.36% 028% 0.13% -0.05% -021%
% DIFF. 0.3%% -3.83% -252% -320% -326% -248% -1.26% -0.68% -0.40%
% DIFF. -0.12% -0.08% -0.01% 3.00% 3.07% 2.35% 1.22% 0.45% -0.05%
% DIFF. 027% -2.16% -067% -042% -056% -041% -018% -0.18% -0.24%
% DIFF. 0.39% -2.08% -066% -3.41% -363% -2.76% -140% -0.63% -0.19%
MEAN 0.17% -1.93% -1.26% -1.10% -1.12% -085% -043% -027% -0.21%
STD. DEV. 0.21% 1.20% 0.96% 2.51% 2.59% 1.98% 1.01% 0.43% 0.12%
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% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

MEAN
STD. DEV.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

% DIFF.

MEAN
STD. DEV.

VALCO/ROCKY MOUNTAIN/CAS PIT

112 38 #4 #8 #16 #30 #50 #1D0 #200
0.49% 1.77% 257%  2.02%  234%  2.28% 1.20% 0.51%  0.24%
0.24% 0.26% 0.12% -0.54% -125% -1.19% -0.54% -029% -0.25%

-0.00% 2.86% 1.55% 0.85% 0.54% 0.78% 0.62% 0.38% 0.22%
-025% -1.51% 2.45% -2.56% -3.59% -347% -1.74% -0.80% -0.49%
-0.49% 1.09% -1.02% -1.07% -1.80% -1.50% -058% -0.13% -0.02%
-0.24% 2.60% 1.43% 1.49% 1.79% 1.87% 1.16% 0.68% 0.47%
-0.04% 1.18% 0.37% 0.05% -0.33% -0.19% 0.02% 0.06% 0.03%
0.36% 1.63% 1.86% 1.74% 2.28%  2.24% 1.17% 0.56% 0.35%

IRWIN/ WINDSOR / STUTE

112 3/8 #4 #8 #16 #30 #50 #100 #200
0.30% -0.98% -030% -1.14% -021% 0.12% -0.02% -0.28% -0.50%
0.00% 4.79% 3.32% 0.84% 1.41% 1.97% 1.55% 0.83%  0.32%
0.60% 029% -089% -182% -1.72% -1.36% -0.82% -0.53% -0.36%

-0.30% 577% 3.62% 1.98% 1.61% 1.85% 1.57% 111%  0.81%
0.30% 127% -059% -068% -151% -1.48% -0.81% -025% 0.14%
0.60% 450% 421% 266% -3.12% -3.33% -238% -1.36% -0.67%
0.25% 1.11% 0.16% -0.58% -059% -0.37% -0.15% -0.08% -0.04%
0.35% 3.79% 2.93% 1.72% 1.87%  2.08% 1.53% 0.91% 0.57%
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MONK PIT

12 3/8 #4 #8 #16 #30 #50 #100 #200

% DIFF. 0.27% 1.26% -068% -175% -2.70% -258% -1.62% -0.60%  0.09%
% DIFF. C91% -264% -358% -1.01% 052% 088% 065% 0.38% 0.17%
% DIFF. 001% 052% -0.80% -1.41% -158% -127% -058% 001% 049%
% DIFF. 066% -3.90% -280% 0.74% 3.22% 346% 227% 0989% 0.08%
% DIFF. -026% -0.75% -0.12% 0.34% 112% 131% 1.04% 0.61% 040%
% DIFF. 091% 3.15% 2.78% -0.40% -2.10% -2.15% -1.23% -0.38%  0.32

MEAN 011% -039%9% -0.88% -0.58% -0.25% -0.06% 0.09% 017% 0.26%
STD.DEV. 065% 259% 226% 0.98% 227% 234% 149% 060% 0.17%

PAGOSA TROUT LAKES
12 3/8 #4 #8 #16 #30 #50 #100 #200

% DIFF. -0.06% -3.49% -830% -8.01% -685% -516% -343% -207% -1.30%
% DIFF. 033% -711% -805% -6.60% -547% -424% -3.02% -194% -1.60%
% DIFF. -0.26% -153% -3.66% -094% -1.62% -140% -085% -042% -0.31%
% DIFF. -0.05% -5.88% -955% -535% -498% -391% -253% -134% -1.01%
% DIFF. 001% -238% -1.25%  2.66% 187% 1.258% 090% 0.73% 029%
% DIFF. -€.20% 186% 463% 707% 523% 3.76% 258% 1.66% 0.99%
% DIFF. £0.54% -2.76% -217% -219% -210% -1.74% -1.34% -1.02% -0.90%
% DIFF. £21% 434% 588% 441% 336% 251% 168% 092% 0.70%
% DIFF. 034% 472% 6.81% 9.26% 733% 549% 392% 2.67% 1.89%
% DIFF. C.28% 1.23%  -1.49% 125% 048% 033% 0.50% 0.60%  0.59%
MEAN 0.10% -1.09% -1.71% 0.16% -027% -031% -0.16% -0.02% -0.07%
STD. DEV. C27% 4.05% 596% 583% 476% 359% 248% 159% 1.14%



COMBINATIONS:

Where n = sample set,

[

6 COMBINATIONS PER AGGREGATE SOURCE

FRANCISCOTTI
CONTROL SPECIMENS

_ 1/2 3/8 ##4 #8 #16 #30 #50 #100 #200
596X-5 99.50% ©67.61% 4244% 3068% 22.43% 15.40% 0.78% 6.16% 3.78%
596X-6 100.00% 70.25% 44.52% 33.86% 26.36% 19.04% 12.45% 7.88% 4.80%
% DIFF. -041% -263% -2.08% -3.18% -3.93% -3.64% -266% -1.71% -1.02%
596X-5 99.59% 67.61% 42.44% 3068% 2243% 1540% 9.78% 6.16% 3.78%
596X-7 100.00% 69.59% 44.26% 31.81% 23.13% 16.02% 10.40% 6.75% 4.25%
% DIFF. 041% -197% -182% -1.13% -069% -062% -0.62% -0.59% -0.47%
596X-5 99.59% 67.61% 4244% 3068% 22.43% 15.40% 9.78% 6.16% 3.78%
596X-8 99.72% 71.11% 47.45% 3591% 26.94% 18.78% 12.00% 7.58% 4.69%
% DIFF, -013% -3.50% -5.02% -523% -451% -3.38% -221% -1.42% -0.91%
596X-6 100.00% 70.25% 44.52% 33.86% 26.36% 19.04% 12.45% 7.88% 4.80%
596X-7 100.00% 69.59% 44.26% 31.81% 23.13% 16.02% 10.40% 6.75% 4.25%
% DIFF. -0.00% 0.66% 0.26% 2.05% 3.24% 3.02% 2.04% 1.13% 0.55%
596X-6 100.00% 70.25% 44.52% 33.86% 26.36% 19.04% 12.45% 7.88% 4.80%
596X-8 99.72% 71.11% 47.45% 3591% 26.94% 18.78% 12.00% 7.58% 4.69%
% DIFF. 0.28% -0.87% -293% -2.05% -0.58% 0.27% 0.45% 0.30% 0.11%
596X-7 100.00% 69.59% 44.26% 31.81% 23.13% 16.02% 10.40% 6.75% 4.25%
596X-8 99.72% 71.11% 47.45% 35.91% 26.94% 18.78% 12.00% 7.58% 4.69%
% DIFF. 028% -1.53% -319% -410% -381% -276% -1.59% -0.83% -0.44%
RALSTON
CONTROL
SIEVE SIZE 1/2 _3/8 #4 #8 __ #16 #30 #50 #100 #200
non-NCAT-6 99.08% 77.93% 64.19% 39.87% 25.14% 15.68% 8.22% 4.54% 2.43%
non-NCAT-6 98.86% 79.61% 66.04% 42.76% 27.84% 17.75% 9.30% 5.04% 2.59%
% DIFF. 0.12% -1.68% -1.85% -279% -2.71% -2.07% -1.08% -0.50% -0.16%
non-NCAT-5 99.08% 77.93% 64.19% 39.97% 25.14% 15.68% 8.22% 4.54% 2.43%
non-NCAT-7 99.08% 79.69% 66.05% 39.76% 24.77% 15.38% 8.08% 4.60% 2.63%
% DIFF. -0.00% -1.75% -1.86% 0.21% 0.36% 0.28% 0.13% -0.05% -0.21%
non-NCAT-5 99.08% 77.93% 64.19% 39.97% 25.14% 15.68% 8.22% 4.54% 2.43%
non-NCAT-8 98.69% 81.77% 66.71% 43.18% 28.40% 18.15% 9.48% 5.22% 2.83%
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% DIFF. 0.39% -3.§§f@‘ . =2.52% 363'20% -3.26% -248% -1.26% -0.68% -0.40%
O R

non-NCAT-6 08.96% M.61%" 66.04% 42.76% 27.84% 17.75% 9.30% 5.04% 2.59%
non-NCAT-7 99.08% 79.69% 66.05% 39.76% 24.77% 15.39% 8.08% 4.60% 2.63%
% DIFF, -0.12% -0.08% -0.01% 3.00% 3.07% 2.35% 1.22% 0.45% -0.05%
non-NCAT-6 98.96% 79.61% ©66.04% 4276% 27.84% 17.75% 8.30% 5.04% 2.59%
non-NCAT-8 98.69% 81.77% 66.71% 43.18% 28.40% 18.15% 9.48% 5.22% 2.83%
% DIFF. 0.27% -216% -067% -042% -0.56% -0.41% -018% -0.18% -0.24%
non-NCAT-7 99.08% 79.69% 66.05% 39.76% 24.77% 15.39% 8.08% 4.60% 2.63%
non-NCAT-8 98.689% 81.77% 66.71% 43.18% 28.40% 18.15% 9.48% 5.22% 2.83%
% DIFF. 0.39% -2.08% -066% -3.41% -363% -276% -140% -063% -0.19%
VALCO/ROCKY MOUNTAIN/CAS PIT:
CONTROL

1/2 3/8 #4 #8 #16 #30 #50 #100 #200
NON NCAT-£ 100.00% 7567% 61.68% 45.32% 3554% 26.49% 12.05% 5.00% 2.78%
NON NCAT-¢€ 99.51% 73.90% 59.11% 43.30% 33.20% 24.21% _ 10.84% 4.49% 2.54%
% DIFF. 0.49% 1.77% 2.57% 2.02% 2.34% 2.28% 1.20% 0.51% 0.24%
NON NCAT-f 100.00% 75.67% 61.68% 45.32% 3554% 2649% 12.05% 5.00% 2.78%
NON NCAT-7 99.76% 7541% 61.56% 45.86% 36.79% 27.68% 12.58% 5.29% 3.03%
% DIFF. 0.24% 0.26% 0.12% -0.54% -125% -1.19% -0.54% -0.29% -0.25%
NON NCAT-f 100.00% 75.67% 61.68% 45.32% 35.54% 26.49% 12.05% 5.00% 2.78%
NON NCAT-€ 100.00% 72.81% 60.13% 44.37% 35.00% 25.71% 11.43% 4.61% 2.56%
% DIFF. -0.00% 2.86% 1.55% 0.95% 0.54% 0.78% 0.62% 0.38% 0.22%
NON NCAT-€ 99.51% 73.90% 59.11% 43.30% 33.20% 24.21% 10.84% 4.49% 2.54%
NON NCAT-7_99.76% 75.41% 61.56% 45.86% 36.79% 27.68% 12.58% 5.29% 3.03%
% DIFF. -0.25% -1.51% -2.45% -256% -3.59% -3.47% -1.74% -0.80% -0.49%
NON NCAT-€ 99.51% 73.90% 59.11% 43.30% 33.20% 24.21% 10.84% 4.49% 2.54%
NON NCAT-¢ 100.00% 72.81% 60.13% 44.37% 35.00% 25.71% 11.43% 4.61% 2.56%
% DIFF. -0.49% 1.09% -1.02% -1.07% -1.80% -1.50% -0.58% -0.13% -0.02%
NON NCAT-7 99.76% 75.41% 61.56% 45.86% 36.79% 27.68% 12.58% 5.29% 3.03%
NON NCAT-§ 100.00% 72.81% 60.13% _44.37% 35.00% 25.71% 11.43% 4.61% 2.56%
% DIFF. -0.24% 2.60% 1.43% 1.49% 1.79% 1.97% 1.16% 0.68% 0.47%

Irwin Windsor/Stute Pit:

CONTROL



172 3/8 #4 #8 #16 #30 #50 #100 #200

NON NCAT£ 100.00% 80.67% 59.97% 43.01% 31.60% 22.14% 13.88% 8.29% 4.99%
NON NCAT-€ 99.70% 81.64% 60.27% 44.14% 31.81% 22.03% 13.90% 8.57% 5.48%
% DIFF. 0.30% -098% -0.30% -1.14% -0.21% 0.12% -0.02% -0.28% -0.50%
NON NCAT-£ 100.00% 80.67% 59.97% 43.01% 31.60% 22.14% 13.88% 8.29% 4.99%
NON NCAT-7 100.00% 75.87% 56.65% 42.17% 30.19% 20.18% 12.33% 7.46% 4.67%
% DIFF. 0.00% 4.79% 3.32% 0.84% 1.41% 1.97% 1.55% 0.83% 0.32%
NON NCAT-£ 100.00% 80.67% 59.97% 43.01% 31.60% 2214% 13.88% 8.29% 4.99%
NON NCAT-¢  99.40% 80.37% 60.86% 44.82% 33.32% 23.51% 14.71% 8.82% 5.34%
% DIFF. 0.60% 029% -0.89% -1.82% -1.72% -1.36% -0.82% -0.53% -0.36%
NON NCAT-€ 99.70% 81.64% 60.27% 44.14% 31.81% 22.03% 13.90% 8.57% 5.49%
NON NCAT-7 100.00% 75.87% 56.65% 42.17% 30.19% 20.18% 12.33% 7.46% 4.67%
% DIFF. -0.30% 5.77% 3.62% 1.98% 1.61% 1.85% 1.57% 1.11% 0.81%
NON NCAT-€ 99.70% 81.64% 60.27% 44.14% 31.81% 22.03% 13.90% 8.57% 5.49%
NON NCAT-8 99.40% 80.37% 60.86% 44.82% 33.32% 23.51% 14.71% 8.82% 5.34%
% DIFF. 0.30% 1.27% -0.59% -068% -1.51% -1.48% -0.81% -0.25% 0.14%
NON NCAT-7 100.00% 75.87% 56.65% 42.17% 30.19% 20.18% 12.33% 7.46% 4.67%
NON NCAT-t 99.40% 80.37% 60.86% 44.82% 33.32% 23.51% 14.71% 8.82% 5.34%_
% DIFF. 0.60% -450% -421% -266% -3.12% -3.33% -2.38% -1.36% -0.67%
MONK PIT:

CONTROL

SIEVE SIZE 1/2 3/8 #4 #8 #16 #30 #50 #100 #200
NON NCAT-£ 99.50% 80.09% 62.74% 41.40% 28.90% 20.54% 13.15% 7.66% 3.72%
NON NCAT-€ 99.24% 78.83% 63.42% 43.15% 31.60% 23.12% 14.77% 8.27% 3.63%
% DIFF. 0.27% 1.26% -068% -1.75% -2.70% -2.58% -1.62% -0.60% 0.09%
NON NCAT{ 99.50% 80.09% 62.74% 4140% 28.80% 20.54% 13.15% 7.66% 3.72%
NON NCAT-7 98.59% 82.73% 66.32% 42.41% 28.37% 19.66% 12.50% 7.28% 3.55%_
% DIFF. 091% -264% -3.58% -1.01% 0.52% 0.88% 0.65% 0.38% 0.17%
NON NCAT-£{ 99.50% 80.09% 62.74% 41.40% 28.90% 20.54% 13.16% 7.66% 3.72%
NON NCAT-§ 99.50% 79.58% 63.54% 42.81% 30.48% 21.81% 13.73% 7.66% 3.23%
% DIFF, 0.01% 052% -080% -141% -1.58% -1.27% -0.58% 0.01% 0.49%
NON NCAT-€ 99.24% 78.83% 63.42% 43.15% 31.60% 23.12% 14.77% 8.27% 3.63%
NON NCAT-7 98.59% 82.73% 66.32% 42.41% 28.37% 19.66% 12.50% 7.28% 3.55%
% DIFF. 0.65% -3.90% -2.90% 0.74% 3.22% 3.46% 2.27% 0.99% 0.08%
NON NCAT-€ 99.24% 78.83% 63.42% 43.15% 31.60% 23.12% 14.77% 8.27% 3.63%
NON NCAT-f 99.50% 79.58% 63.54% 42.81% 30.48% 21.81% 13.73% 7.66% 3.23%
% DIFF. -0.26% -0.75% -0.12% 0.34% 1.12% 1.31% 1.04% 0.61% 0.40%
NON NCAT-7 98.59% 8273% 66.32% 42.41% 2837% 1966% 12.50% 7.28% 3.55%
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D-16

NON NCAT-&8 99.50% 79.58% 63.54% 42.81% 30.48% 21.81% 13.73% 7.66% 3.23%
% DIFF. -0.91% 3.15% 278% -040% -210% -2.15% -1.23% -0.38% 0.32%
PAGOSA TROUT LAKES

CONTROL

1/2 3/8 #4 #8 #16 #30 #50 #100 #200

Non NCAT-1 89.74% 73.50% 4645% 33.26% 22.75% 16.09% 11.09% 7.57% 5.33%
Non NCAT-2  99.80% 76.99% 54.75% 41.27% 29.60% 21.25% 14.52% 9.64% 6.63%
% DIFF. -0.06% -3.49% -830% -8.01% -6.85% -516% -343% -207% -1.30%
Non NCAT-3 99.46% 72.27% 47.95% 32.01% 2227% 15.76% 10.59% 6.97% 4.74%
Non NCAT-7  99.79% 79.37% 56.00% 38.61% 27.73% 20.00% 13.62% 8.91% 6.34%
% DIFF. -033% -711% -8.05% -660% -547% -424% -3.02% -1.94% -1.60%
Non NCAT-1 99.74% 73.50% 46.45% 33.26% 22.75% 16.09% 11.09% 7.57% 5.33%
Non NCAT-8 100.00% 75.03% 50.12% 34.20% 24.37% 17.49% 11.94% 7.98% 5.64%
% DIFF. -0.26% -1.53% -3.66% -0.94% -162% -1.40% -0.85% -042% -0.31%
Non NCAT-1 99.74% 73.50% 46.45% 33.26% 2275% 16.09% 11.09% 7.57% 5.33%
Non NCAT-7 99.79% 79.37% 56.00% 38.61% 27.73% 20.00% 13.62% 8.91% 6.34%
% DIFF. -0.05% -5.88% -9.55% -5.35% -4.98% -3.91% -2.53% -1.34% -1.01%
Non NCAT-2 99.80% 76.99% 54.75% 41.27% 29.60% 21.25% 14.52% 9.64% 6.63%
Non NCAT-7 89.78% 79.37% 56.00% 38.61% 27.73% 20.00% 13.62% 8.91% 6.34%
% DIFF. 0.01% -2.39% -1.25% 2.66% 1.87% 1.25% 0.80% 0.73% 0.29%
Non NCAT-2 98.80% 76.99% 54.75% 41.27% 29.60% 21.25% 14.52% 9.64% 6.63%
Non NCAT-8 100.00% 75.03% 50.12% 34.20% 24.37% 17.49% 11.94% 7.99% 5.64%
% DIFF. -0.20% 1.96% 4.63% 7.07% 5.23% 3.76% 2.58% 1.65% 0.99%
Non NCAT-3 99.46% 72.27% 47.95% 32.01% 2227% 15.76% 10.58% 6.97% 4.74%
Non NCAT-8 100.00% 75.03% 50.12% 34.20% 24.37% 17.49% 11.94% 7.99% 5.64%
% DIFF. -0.54% -2.76% -217% -2.19% -210% -1.74% -1.34% -1.02% -0.90%
Non NCAT-7 99.79% 79.37% 56.00% 38.61% 27.73% 20.00% 13.62% 8.91% 6.34%
Non NCAT-8 100.00% 75.03% 50.12% 34.20% 24.37% 17.49% 11.94% 7.99% 5.64%
% DIFF. -0.21% 4.34% 5.88% 4.41% 3.36% 2.51% 1.68% 0.92% 0.70%
Non NCAT-2 99.80% 76.99% 54.75% 41.27% 29.60% 21.25% 14.52% 9.64% 6.63%
Non NCAT-3  99.46% 72.27% 47.95% 32.01% 22.27% 15.76% 10.59% 6.97% 4.74%
% DIFF. 0.34% 4.72% 6.81% 9.26% 7.33% 5.49% 3.92% 2.67% 1.89%
Non NCAT-1 99.74% 73.50% 4645% 33.26% 22.75% 16.09% 11.09% 7.57% 5.33%
Non NCAT-3 99.46% 72.27% 47.95% 32.01% 22.27% 15.76% 10.59% 6.97% 4.74%
% DIFF. 0.28% 1.23% -1.49% 1.25% 0.48% 0.33% 0.50% 0.60% 0.59%



FIGURE 8

DATA USED FOR GRAPH OF
DIFF. BETWEEN FIG, 6 AND 7

PRECISION PRECISION FIG.7 -6

SIEVE SIZE (18),% (1S),%
172 '
318 0.07 0.13 ~B:06
#4 1.1 1.29 4G
#8 1.97 1.52 845
#16 2.53 1.68 52275
#30 2.16 0.77 1.88
#50 1.35 0.76 489
#00 0.64 0.30 834
#200 0.46 0.31 Q35
SIEVE SIZE
112
3i8 0.25 0.82 087
#A 0.36 1.2 “0:84
#8 1.87 1.66 Pe e
16 1.99 1.52 047
#30 1.55 1.29 0.26
#50 0.58 0.58 60
#100 0 0.1 0.1
#200 0.2 0.15 036
VALCO/ROCKY MOUNTAIN/CAS PIT
SIEVE SIZE
w2
38 0.25 0.97 DI
#4 1.26 1.69 D43
#8 1.14 1.46 32
#e 1.68 1.44 Q24
#30 1.81 1.38 a4
#50 0.57 0.28 S48
#100 0.13 -0.05 0.58
#200 0.21 0.07 014



FIGURE 8

DATA USED FOR GRAPH OF
DIFF. BETWEEN FIG. 6 AND 7

IRWIN/ WINDSOR / STUTE
SIEVE SIZE
12 4 .
3/8 2.84 1.68 1,16
#4 2.29 1.33 0.46
#8 112 11 0.02
#16 1.27 1.41 D44
#30 1.65 1.51 0.14
#50 1.1 0.92 0.18
#100 0.48 0.35 8.13
#200 0.14 0.02 012
MONK PIT
SIEVE SIZE
2
3/8 1.64 0.96 0.68
#4 1.66 1.13 0.83
#8 0.34 1.69 -4,35
#16 1.67 2.37 -8.78
#30 1.91 2.29 -5.38
#50 1.06 1.35 H.39
#100 0.17 0.77 068
#200 -0.26 1.7 -1.86
MEAN 0.02

D-18



1. Determination of Cormrection Factors Using Analysis Method Two



Determination of Correction Factors
DATA USED FOR GRAPH OF \

DIFF. BETWEEN FIG. 6 AND 7

IS THE
ABS VALUE (1S) AASHTO DIFF. BETWEEN FIG. 6 AND § :CORREGHON
PRECISION PRECISION\FIG. 7 -6 LIMITS WITHIN (1S) AASHTO

SIEVE SIZE {15),% (18),% N % LIMITS ?

12 :

3/8 0.07 0.13 808 1.38 Y

#4 141 1.29 257 S 0.64 Y

#8 1.97 1.52 odE 0.6 Y N

#16 253 1.68 085 043 N 7

#30 2.16 0.77 189 043 N . 688

#50 1.35 0.76 859 043 N B %

#100 064 0.30 o84 043 Y ._

#200 0.46 0.31 845 0.14 N g7 ]
SIEVE SIZE

172 ,

38 025 0.82 &5y 0.95 Y

#4 0.36 1.2 .84 0.6 N

#3 1.87 1.66 Bt 0.64 Y

#16 1.99 152 Q47 0.6 Y

#30 155 1.29 E25i 17 0.43 Y

#50 0.58 0.58 000 0.43 Y

#100 0 0.11 g% ] 043 Y o

#200 02 0.15 {38 0.14 N 75 I
SIEVE SIZE
- 1z

318 0.25 0.97 1.38 Y

#4 1.26 1.69 0.60 Y

#8 114 146 0.60 Y

#16 1.68 1.44 0.60 Y

#30 1.81 138 043 Y

#50 0.57 0.28 ; 0.60 Y

#100 0.13 .05 918 043 Y

#200 0.21 0.07 D84 0.14 Y

D-20



DATA USED FOR GRAPH OF
DIFF. BETWEEN FIG. 6 AND 7

SIEVE SIZE
AR _
318 284 1.68 A
#4 2.29 1.33 ¥
#8 1.12 14 0
#16 1.27 1.41 04
#30 1.65 1.61 o4
#50 1.1 0.92 B8
#100 0.48 0.36 843
#200 0.14 0.02 a2
SIEVE SIZE
2
38 1.64 0.96 468
#4 1.66 113 053
#3 0.34 1.69 1.8%
#16 1.67 2.37 9.0
#30 1.91 2.29 038
#50 1.06 135 £28
#100 017 0.77 a0
#200 -0.26 17 1:06
MEAN 0.47
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Colorado Procedure
L 5120

Method of Test For

Determination of the Asphalt Binder Content of
Bituminous Mixtures By the Ignition Method

1. Scope

1.1 This method of test determines the asphalt
binder content of bituminous mixtures by heating
the mixture until the asphalt binder fraction of the
mix ignites and is bumed away. The gradation of
the remaining aggregate may then be determined
using CP 31. The applicability of this procedure to
mixtures containing recycled asphalt pavement
(RAP} has not been determined.

1.2 This standard may involve hazardous
materials, operations, and equipment. This
standard does not purport to address all of the
safety problems associated with its use. ltis the
responsibility of the user of this standard to consult
and establish appropriate safety and health
practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

Colorado Procedures:

CP-30 Field Sampling Aggregates for use as
Highway Material

CP-31 Sieve analysis, -200 Washed
Gradation

CP-44 Sampling Fresh Bituminous Paving
Mixtures

CP-55 Method for reducing samples of Hot
Bituminous Pavements to Test size

CP-L 5105 Standard Practice for Preparation of

Test Specimens of Bituminous

E-1

Mixtures by Means of Gyratory Shear

Compactor
CP-L 5115 Standard Method for Preparing and
Determining the Density of

Bituminous Mixture Test Specimens
by Means of the SHRP Gyratory
Compactor

3. Summary of Test Methods

3.1 A specimen of bituminous mixture is
heated in an oven having a temperature of 538° C
(1000° F) until the asphalt binder fraction ignites
and is bumed away. The asphalt binder content is
calculated by dividing the weight loss of the
specimen during ignition by the mass of the
bituminous mixture before ignition. A correction
factor is determined for each bituminous mixture
and then applied to the measured asphalt binder
content of field produced bituminous mixture.

4. Apparatus

411 Forced-air ignition furnace, with internal
balance, capable of maintaining a temperature of
500° C (930° F) to 650° C (1200° F), having an
internal balance thermally isolated from the
furnace chamber and accurate at room
temperature to 0.1 gram. The balance shall be
capable of weighing a 3,500 gram specimen
contained in a basket assembly while it is heated.
The National Center for Asphait Technology
Asphalt Content Tester (NCAT oven), is an oven
containing a temperature compensated internal
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scale which has been found to be suitable for
determining asphalt binder contents. It is the only
oven which currently has been evaluated for the
purposes of this procedure.

4.1.2 Forced-airignition furnace, without internal
balance, capable of maintaining a temperature of
500° C (930° F) to 650° C (1200° F) may also be
suitable. A testing procedure has not been
developed or tested using this type of equipment.
Potential users of this type of equipment will need
to develop and use a test procedure which can be
shown by statistical methods to provide adequate
test result accuracy.

4.2 Two tempered stainless steel 2.36 mm
(No. 8) mesh perforated basket assemblies,
approximate dimensions (L x W x H) 26.7 x 26.7 x
5.1 cm with 5 cm support legs. The baskets shall
be nested. The top basket shall be provided with
No. 20 mesh screening on the legs to confine the
aggregate.

4.3 Stainless steel catch/drip pan per basket
assembly, approximate dimensions (L x W x H) of
28.0x28.0x 26 cm.

4.4 Oven - A forced draft oven capable of
maintaining a temperature of 121 £+ 5°C.

4.5 External balance, at least 10 kg capacity,
sensitive to 0.1 g.

46 Safety equipment. High temperature face
shield, gloves, and a fire resistant long sleeve
coat. In addition, a heat resistant surface capable
of withstanding a temperature of 650° C and a
protective cage capable of surrounding the basket
assembly shall be provided.

47 Miscellaneous equipment. a pan having
dimensions of approximately (L x W x H) 38 x 38
x 5 cm for transferring specimen after ignition,
spatulas, bowls, and wire brushes.

5. Reducing Production Samples to Test Size

NOTE 1: The word specimen represents a test
quantity of bituminous mixture. When the
specimen's mass exceeds the capacity of test
equipment, it may be divided into multiple units,
tested, and the results recombined.

NOTE 2: The word sample represents a quantity
of bituminous mixture gathered from a stockpile or
roadway in accordance with CP-41.

5.1.1 If the bituminous mixture is not sufficiently
soft to separate with a spatula or trowel, place it in
a pan and warmitin a 121° C (250° F) oven until
it can be so handled.

51.2 Sampling of HBP shall be done according
to CP-30. Two separate, identical specimens shall
be selected from each bituminous mixture
production sample in accordance with CP-55. The
two specimens shall not be combined at any time
after they have been taken.

5.2 The specimens shall conform to the mass
requirements shown in the appropriate column of
Table 1 depending on whether or not an aggregate
gradation is required.

6. Determination of Mix Correction Factors
Using Laboratory Mixed Specimens

6.1 The results measured by this procedure
may be affected by the types of aggregate and
asphalt binder contained in the bituminous mixture.
To ensure accuracy, a correction factor shall be
established for each mix design.

6.2 At least three laboratory produced
specimens conforming to the mass requirements
of Table 1 (gradation not required) shall be
prepared at the design asphalt binder content.
Record the weights according to Section 6.2.1
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TABLE 1: Size of Specimen

Nominal Maximum Sieve size Minimum mass of Minimum mass of
Aggregate size, mm specimen (g). specimen (g).
(If a gradation (If a gradation
is required) Is not required)
4,75 (no. 4) 1200 1100
9.5 3/8in. 1200 1100
12.5 Yin. 1700 1100
18.0 3/4in. 2200 1500
25.0 1in. 3000 2200
37.5 1 %in. 5500 3300

Some specimen weights specified here may exceed the capacity of the temperature compensated internal
over scale. These specimens may be divided, the separate parts tested and the results recombined.

and follow the instructions for the Preparation of
Labcratory Produced Specimens contained within
CP-L 5105 or CP-L 5115.

6.2.1 Before mixing the specimens, record the
weights of both the oven-dry aggregate and the
asphalt binder contained in each specimen to the
nearest 0.1 gram.

6.3 Foliow Sections 7.1 through 7.14 to obtain
an uncorrected asphalt binder content
determination for each of the three specimens.

6.4 Determine the difference, or correction
facter, between the actual asphalt binder ¢content
and the uncorrected asphalt binder content
measured using both the temperature
compensated intemal oven scale and the external
scale for each of the three specimens as specified
in Sections 6.4.1 to 6.5.

E-3

6.4.1 Determine the actual asphalt binder content
for each of the specimens (Section 9.1).

6.42 Following Section 7, determine the
measured asphalt binder content for each of the
specimens using both the external scale (Section
9.2,1) and the temperature compensated intemal
oven scale (Section 9.2.2).

6.4.3 Determine the correction factors for each of
the specimens (Section 9.3).

NOTE 3: If the difference between the lowest and
highest correction factor is greater than 0.30
percent, then mix and burn another specimen or
specimens until the correction factors determined
using three specimens of the same bituminous
mixture are within 0.30 percent of each other.
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6.5 Calculate the average correction factors
for both the external scale and the temperature
compensated internal oven scale.

7. Test Procedure

7.1 All production specimens shall be dried as
specified in Section 7.1.1. Laboratory mixed
specimens which have been exposed to moisture
or have been stored at less than 100° C (212° F)
for greater than 48 hours shall be dried according
to Section 7.1.1. Laboratory mixed specimens
which have not been exposed to moisture and
which have not been stored at less than 100° C
(212° F) for greater than 48 hours shall be heated
according to Section 7.1.2.

7.1.1 Specimens as specified in Section 7.1 shall
be dried in a 121° C (250° F) oven for 10 £ §
hours.

7.1.2 Initially dry specimens (as specified in
Section 7.1) shall be heated by placing them into
a 121~ C (250° F) oven for 3 £ 1 hours.

7.2 Set the test temperature to 538> C (1000°
F) by pressing the "TEMP" key on the NCAT oven,
entering “538" and pressing the "ENTER" key.
Allow a minimum of 2-1/2 hours for the NCAT oven
to reach test temperature. Record the
temperature set point prior to the initiation of the
test.

7.2.1 Enter a correction factor of zero into the
NCAT oven keyboard for all mixes by pressing the
"CALIB" key, entering “0" and pressing the
"ENTER" key. Press the "CALIB. FACTOR" key
on the NCAT oven panel to verify that the
correction factor is zero. The correction factor is
labeled as the "calib. factor” on the NCAT oven
tape printout.

7.3 Weigh the empty basket assembly,

E-4

consisting of the two baskets and drip pan with
wire guards in place, on an external scale and
record the weight.

7.4 Remove the top basket of the assembly
and evenly distribute approximately % of the
testing specimen in the bottom basket. Spread the
bituminous mixture to a uniform depth in the tray,
leaving a gap of approximately 10 mm between
the specimen and the edge of the basket. Finer
material should be kept near the center of the
basket tray.

7.5 Place the top tray onto the bottom tray and
load the remaining specimen into the top tray.
Place the top cover over the basket and fasten the
restraining wire into the slots on the drip tray of the
basket assembly.

7.6 Weigh the loaded basket assembly on an
external scale and record the weight. Determine
the net weight of the mix contained in the basket
assembly.

7.7 Press the "WEIGHT" button on the NCAT
oven keyboard and enter the weight of the
bituminous mixture being tested, rounded to the
nearest whole gram, into the temperature
compensated internal scale oven and then press
the "ENTER" button.

7.8 Tare the temperature compensated scale
oven digital readout by pressing a wire into the
hole at the right hand end of the display panel.

NOTE 4: Wear protective clothing (Section 4.6)
whenever working near the NCAT oven while
the oven door is open.

7.9 Open the chamber door. Lift the loaded
basket assembly using the locking handle tool and
place it into the NCAT oven. Close the oven door
and allow 2 to 3 seconds for the oven scale to



stabilize. Compare the external scale reading of
the lcaded basket assembly weight to the NCAT
oven scale reading. Verify that the NCAT oven
scale's weight reading equals the weight
determined in Section 7.6 within £+ 5 grams.
Differences greater than 5 grams or failure of the
oven scale to stabilize may indicate that the basket
assembly is contacting the interior walls of the
oven.

7.10 Initiate the test within 10 seconds of
closing the oven door by pressing . the
"START/STOP" button. This will lock the oven
door. After approximately 20 seconds the
temperature compensated internal oven scale will
zero itself and the digital timer will start running.

NOTE 5: Do not attempt to open the oven door
while Error 11 is flashing since the oven’s
contents may ignite violently. Turn off the
oven and allow the contents to cool before
opening the oven door.

7.11 Once the specimen weight is stable for a
period of 2-3 consecutive minutes the light
indicating a stable weight will illuminate without
blinking and an audible beep will sound. Press the
"START/STOP" button to stop the test and uniock
the oven door. Use the locking handle to remove
the basket assembly within 5 minutes of the
illumination of the light signaling the end of the
test.

7.12  Place the hot basket assembly on top of
the ceramic cooling plate and place the safety
cage over it.

7.13 Remove the printed tape from the
temperature compensated intemal oven scale and
recorgd the weight loss in percent, the temperature
compensation, and the calculated asphalt binder
content for the specimen. Record the specimen
number and retain the printout as a record of the

E-5
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test.

7.14  Allow a minimum of 35 minutes for the
basket assembly to cool to room temperature or
until it is warm to the touch. Weigh the basket
assembly containing the residual aggregate on an
external scale and record the weight.

7.15 Determine the uncorrected asphalt binder
content for the extemnal scale and the temperature
compensated internal oven scale (Sections 9.2.1
and 9.2.2).

7.16  Determine the corrected asphalt binder
content for the external scale and the temperature
compensated internal oven scale (Section 9.4)

8. Gradation (Optional)

8.1 Empty the residual aggregate from the
baskets into a flat pan. Use a small wire brush to
ensure that any residual fines are removed from
the baskets. Weigh the residual aggregate on an
external scale and record the weight.

82 Perform a gradation analysis in
accordance with CP 31.

8.3 CDOT has verified that the gradation
results are the same with and without exposure to
heat for aggregates from a wide variety of sources.
However, there may be aggregates which degrade
when exposed to the heat required to burn asphalt
binder. If aggregate degradation is suspected, or
if the test results will be used for project
acceptance, Sections 8.3.1 to 8.3.6 may be used
to verify whether aggregates have a tendency to
degrade.

8.3.1 Obtain a sample of the final aggregate
blend in question from a conveyor belt discharge
or a stopped conveyor belt according to CP 30.
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8.3.2 Using a sample spilitter, split a sample
weighing at least 8 times the sample size specified
in Table 1 (gradation required) into 8 specimens

having approximately equal mass. Set 4
specimens aside.

8.3.3 Mix 4 of the aggregate specimens with
asphalt cement to yield specimens having an
aspha't binder content within 0.5 percent of the mix
in question.

8.34 Test the 4 mixed specimens as specified
in Section 7.

8.3.5 Using CP-31, determine the gradation of
the 4 specimens which were mixed with asphalt
binder and burned. Determine the gradation of the
4 specimens which were set aside in Section
8.3.2.

8.3.6 Calculate the average percent passing
each sieve size for the 2 sets of 4 specimens.
Compare the average gradation at each sieve size
for the two sets of specimens. If the gradation of
the aggregate exposed to the heat applied in
Section 8.3.4 is more than 3 percent finer than the
untreated aggregate on any of the sieves, the
aggregate may be sensitive to heat degradation.
If the average gradation is within 3 percent on all
screens, the aggregate is not sensitive to heat
degracation.

8.3.7 If an aggregate has been found to be
sensitive to heat degradation in Section 8.3.6,
apply a correction factor to the percent passing
each screen to account for the degradation caused
by the NCAT oven.

9. Calculations
9.1 The actual asphalt binder content of a

laboratory mixed specimen is determined as
follows:

E-6

P Yo 100
= —= X
b(actual)
w, + W,
where,
P wactuan percent of asphalt binder in

specimen

w, = weight of aggregate in specimen

W, = weight of asphalt binder in
specimen '

9.2.1 The uncorrected asphalt binder content of

a specimen is determined using an external scale
as follows:

+

(Wm(hM * Woasat) — (Wm(nw)

)
Pytuncom = beskt” %' 100
M (Wm(hlhl) * Wiane)

where,

= uncorrected asphalt binder
content, in percent, determined
by the mass loss measured on an
external scale.

Weight of the bituminous mixture
specimen before using the
temperature compensated
internal oven scale measured at
121° C (250° F).

Weight of the bituminous mixture
specimen after using the
temperature compensated
internal oven scale measured at
room temperature.

Weight of the empty basket
assembly at room temperature.

Poyuncom

Winitiay =

Wm(ﬁnal) =

Woasket =

9.2.2 The uncorrected asphalt binder content of
a specimen is automatically calculated by the
temperature compensated intemal oven's scale



software using the bituminous mixture weight input
in Section 7.7. At the end of each test, the
uncorrected asphalt binder content is printed on a
paper tape.

9.3 The mix comrection factor is determined for
asphalt binder contents determined using each
method of measurement (both the external scale
and the temperature compensated internal oven
scale) as follows:

Cf = Pb(actual) - Pb(measured)

asphalt binder correction factor
determined for a specific method
of measurement e.g. using the
external or the temperature
compensated internal oven
scales.

uncorrected asphalt binder
content of a specimen as
determined in Sections 8.2.1 or
9.2.2.

Pb(manwnd) =
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9.4 The corrected asphalt binder content for
field produced specimens using both the external
scale and the temperature compensated internal
oven scale is determined as follows:

Pb(corr) = Pb(uncorr) + Cy
where,

Pweom = asphalt binder content of field
produced specimens corrected for
the aggregate and asphalt binder
sources.

10. Report
10.1  Report the corrected asphalt binder

contents determined using the external scale.
Results from the temperature compensated
internal oven scale shouid be reported for
information only.
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