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'~ INTRODUCTTON

A precision statement is a measure, in the prescribed units, of
the maximum difference expected between two random test results
selected from the same test portion. Inherent imperfections in

- sampling, testing eqguipment and procedures are contributing

factors to the magnitude of this difference. It is independent,
however, from variations in materials production. Usually,
precision is expressed as both a single operator's ability to
repeat his results and alnumbér of laboratories' ability to
reproduce their results.

If supported by a properly conducted statistical experiment
designed to minimize materials wvariations, the actual test

- variability or precision encountered in the laboratory and

field can be closely approximated. The variability is not
specifically defined for all of the test methods currently
being used in California. With contractors and producers

doing more of their own testing, it is apparent that Precision
Statements are needed for most contract control tests, 1In

fact, testing procedures have been gquestioned in the past,

and in some cases have led to claims being made against the
Division of Highways. By determining gquantitatively and
stating clearly the precision of test methods, fewer such claims
should arise and disputes over testing should be resolved more
easily. In addition, designers, construction engineers, and
contractors will benefit from the knowledge of testing wvariation
contained in a Precision Statement by obtaining a better under-
standing of the testing risks involved in the acceptance and
rejection of materials.

The Sand Equlvalent Test is intended to serve as a rapid field
measurement of the relative amounts of detrimental fine dust

or claylike materials in soils and fine aggregates. It is the
first test to be studied under this Precision Statement Project.
Consequently, a thorough analysis of the data is made so that
future Precision Statement experiments can benefit from the
statistical techniques learned and applied in this study.

The basic aim of this study phase is to arrive at an accurate
neasure of test precision for the Sand Egquivalent Test., A
large number of identical samples were needed to accomplish
this. Tests were run on these samples by different operators,
shaker methods and districts. These results were categorized
and analyzed by a statistical technique known as Analysis of
Variance (see Appendix B). This technique provides a way of

lThe general concepts of repeatability and reproducibility are

explained in the Glossary (Appendix A).
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"comparlng results obtalned under dlfferent treatments or
effects (i.e. operators, shaker method). The analysis will
indicate which effects produce significant differences in
results. It also provides a guantitative measure of the
variation in results. This measure was used to arrive at an
index of test precision called the Difference Two-Sigma Limits
as described in ASTM Recommended Practice E 177. This index
represents a difference between two test results, from the
same. test portion, likely to be exceeded only 5% of the time.
Thus, if a retest of the same test portion differs from the
original test by moré than the Difference Two-Sigma Limits,
both test results must be held suspect.

Implementatlon of thlS type of clearly defined test tolerance,
in conjunction with a knowledge of materials and sampling
variability, should improve our procedures for design and
construction control of highway materials, It should also
help’ those charged with administering the test method and
sampling procedures to pinpoint the critical areas, if any,
where refinement or greater effort is needed. For instance,
if testing variance is shown to be small in relation to
materials variance, it may be decided that increased sampling
is necessary for a better estimate of material quality. A
greater number of samples, chosen at random throughout the
population of material, will assure a more accurate measure-
ment of the quallty of the material as a whole. IEf, however,
testing variance is large in proportion to materials variance,
increased sampling would have less effect on reducing the
error of the final result than would increased testing of each
sample. Thus, the more tests taken of each sample, the less
the testing error (variance) contributes to the uncertainty *
. 0f the final result.
|

In elther case, this report prov1des some of the tools
necessary to make optlmum use of manpower in such instances.

CONCLUSIONS

All conclu51ons reached hereln rest on assumptions concerning
the phy31ca1 distribution and consistency of the data. Histo-
grams for each sample graphically illustrated the normality of
the data; thus normal statistical analyses were used. Reasonably
close agreement on test precision with a prlor Sand Equlvalent
study indicates consistency and stability in the precision
results. These findings Help reinforce the validity of the
following recommended Precision Statements.
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. Differehce
Material and Type Standard Two-Sigma
Index : Deviation Limits

Single-Operator Precision:

S.E. Range Below 45 1.37 4
S.E. Range 45 to 65 2.95 8
S.E. Range Above 65 2.07 6 -
Multilaboratory Precision:

S.E. Range Below 45 1.70 _ 5
S.E. Range 45 to 65 : 3.75 11
S.E. Range Above 65 2,65 8

One method of reducing the large variation in test results in the
45 to 65 range would be to perform two tests on the same sample
and report their average. This follows from the statistical
principle that says a distribution of averages computed from N .
individual results is related to the corresponding distribution
of individual results by: o___ = Gind/iﬁ“'~ Then the Precision
Statement would read: ‘ El .

Difference

Material and Type Standard Two-Sigma

Index Deviation Limits

Single-Operator Precision:

S.E. Range 45 to 65 2.08 6

Multilaboratory Precision:

S.E. Range 45 to 65 2.65 8

It is a statistical fact that the precision of a particular test
is not measureable until a duplicate test is made. To get the
most practical benefit from the values of repeatability and
reproducibility for the Sand Equivalent Test contained in this
report the field engineer must have two test results from the
same sample. Thus, the best way of handling a disputed test
result is to take a large enough initial sample to permit a
retest and then compare these two tests with the Acceptable
Range of Two Results (Precision). If their difference is
greater than this value call for a third referee test. Otherwise,
average the two results and accept or reject on that basis.

Additional statistical analyses of the data reveals other
important facts concerning the Sand Equivalent Test. Duncan's
Multiple Range Test shows insignificant differences in test
precision between lab and field personnel and Idaho and

|
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Mechanical shaker methods. Thus, a single precision statement
embracing all these variables may be written. Examination of
the precision statements indicates that significant differences
in test results according to Sand Equivalent range do exist.
This was also demonstrated by performing Bartlett's P-Test [5]
on each Sand Equivalent grouping. This is why different ’
precision statements for various ranges of Sand Equivalent ¥
-values have been provided. Such qualifications can be expected
in precision statements for other tests since precision and
material type or range are closely related.

RECOMMENDATTIONS

The findings of this report combined with information regarding
sampling and materials variance can be used to 1) include
Precision Statements in Test Method No. Calif. 217, 2) determine
if larger ‘or more samples would be justified in order to provide
better precision, and ‘3) determine the overall variabilities of
materials with sand equivalent specifications, including the
contribution of testing variance, and make any appropriate
modification to the specification limits and testing control
procedures. '

'DESCRIPTION OF WORK

Nine samples of minus #4 aggregate secured from highway construc-
tion sources throughout the State of California were studied in
this ‘experiment. These samples consisted of three different
construction materials used in the State. Three samples (Nos. 4,
7 and 8) came from aggregate used as subbase material with Sand
Equivalent values greater than 18 (as specified in the Standard
Specifications). Three more samples (Nos. 3, 5 and §) came from
‘aggregate used in asphalt concrete with Sand Equivalent values
greater than 48, The remaining three samples (Nos. 1, 2 and 9)
were ‘obtained from aggregates used in portland cement concrete
with ‘Sand Equivalent values greater than 73. A total of 4,968
Sand Equivalent Tests were made during this study. -

In addition ‘to the series of tests conducted at the Transportation
Laboratory, tests were conducted at the District Laboratory and

two field laboratories in each of five Districts. The Transportation
Laboratory and the District Laboratories each had three operators
determine Sand Equivalent Test results using both the Mechanical

and Idaho Shaker. Each field laboratory had two operators run

the test using the Idaho Shaker only. :

Each ‘sample to be tested was split by the Transportation lLaboratory
so that each of the 28 operators would receive a sufficient amount
of material to perform 12 tests with the Idaho and 12 with the
Mechanical Shaker. The splitting procedure yielded 32 nearly

ClibPDE - wyvwfastio.com
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identical sub-samples for each of the 9 samples. These were
randomly assigned to the 28 operators with the 4 remaining sub-
samples kept for contingency purposes. Each operator verified
that his equipment complied with the requirements of Test Method
No. Calif. 217. The measure tin used in the test was supplied
by the Transportation Laboratory. The operator marked for
identification all the samples assigned to him. He then split
the sample into eight equal portions as shown in Figure 1 down
to level 'A', These portions were identified and numbered using
a random number scheme. Each was then sealed and stored until
it was needed. :

On the day before testing, one of the eight portions was taken
in sequence of its randomly assigned number, adjusted to egqual
the weight of four tin measures, split into four equal portions
and oven dried as described in Test Method No. Calif. 217.
Three of the four test portions were tested. The fourth test
portion was saved and later blended with other extra portions
for sieve analysis. At some test locations temperature control
was a problem. About 20% of the tests were run at temperatures
outside of the 72 + 5°F specified by the test method. However,
it was felt that this approximated field testing conditions.

Each test portion was weighed to the nearest gram after oven
drying. This weight was recorded along with the readings of the
top of clay and the top of sand columns (estimated to the nearest
hundredth). The above procedures were repeated for three other
runs using a total of four of the original eight portions for
each of the shaking methods. (Note: Field labs used four of

the eight portions since they had only one shaking method
available.) The extra four test portions were combined into

one sample and a sieve analysis run. The results of the sieve
analysis were also recorded on the data sheet (Figure 2).

When the data computation forms Were!completed, they were sent
to the Transportation Laboratory for analysis.

STATISTICAL ANALYSES

The data was analyzed on a General Electric time-share computer
terminal located at the Transportation Laboratory. Except for
the GE Library Program, "aAnalysis of Variance", all the programs
used for the analyses were wrltten by Transportatlon Laboratory *
personnel. ‘

The first step in the overall analysis was determining each
= individual operator's mean and standard devigtion for each

of the nine samples (12 tests per sample). After this was

done, the mean for each group of operators within each
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Figure |
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district and the standard deviation from this district mean
were calculated. The same procedure was used in calculating
the mean and standard deviation for all the operators on a
statewide basis. Table 1 lists all the individual, district-
wide and statewide means and standard deviations determined
for this study.. '

Since the standard deviations for all the operators had been
calculated, a precision statement could have been determined
for each operator. However, there was no accurate representation
of the average individual's standard deviation. Also, it was
stated in the testing procedure that each operator was to test
only three of the twelve samples on any one day (called a run).
Thus, it would take at least four days for an operator to
complete his twelve tests. Quite often this testing procedure
was stretched out over a two week period. Therefore, there was
no estimate of the basic error variance of replicate tests done
on the same day. '

‘These considerations led to the use of Analysis of Variance [4]
(ANOVA) . ANOVA techniques allowed isolation of the single-
operator variance on a one day basis. This term, called the
replicate or error variance, was established by treating the
data as a whole, and thereby accurately represented the
avérage operator. For purposes of symmetry {(needed to apply
the ANOVA technique) only data from the district laboratories
and the Transportation Laboratory was analyzed. Since the
field laboratories ran only one shaker method, a between
method variance could not be determined using their data.
Duncan's Multiple Range Test, however, showed no sigrnificant
‘difference between field and lab results thereby justifying
omission of the field data from the ANOVA (see page 8).

The expected mean squares (Table 7, Appendix B} were used to
isolate all other systematized sources of variance in the test
data: runs, methods, operators, districts and samples. Each

of these results represented the variance due exclusively to

the ‘particular source., Therefore, the total multilaboratory
variance was an additive combination of the error, run, operator
and district variances (see Tables 2, 3 and 4). The variance
between the Idaho and Mechanical shaker was not included in

this sum because it was proven to be insignificant by an F-Ratio
"Test [5] {see page 9).

Since it had been suspected that test precision varied with the
sand Equivalent Value, each type of aggregate was run as a
separate ANOVA. These suspicions were confirmed later by the
use of an F-Ratio Test on the single-operator variances for
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each aggregate type. The discrepancy is graphically illustrated
as a function of the Difference Two-Sigma Limit [1] (D28, see
Appendix A) for both single-operator and multilaboratory condi-
tions in Figure 3. These two plots are not intended as accurate
representations of fully logged functions, but only as an
illustration of the general relationship between Sand Equivalent
Value and test precision. They clearly point out the decrease
in test precision in the mid~-range of Sand Egquivalent Values.
While this had been suspected for some time, to our knowledge

it had never been quantltatlvely determlned before.

The risks due to testing taken by elther the consumer or producer
are dependent upon the precision of the test method and the zone
of indifference [1l0] (see Figures 4, 5, and 6). These risks ~
measure the probability of accepting noncompliance material or
rejecting good material. In determining these risks common
conditions occurring in practice should be assumed. A particular
limit that experience has shown yields an adeguate level of
quality is chosen as the accept-reject point. For the Sand
Equivalent Test the moving average limit [9] best satisfied this
criterion. The type of test variation most compatlble with the
moving average limit is the single-operator variance. This
represents the test precision of the average single—operator

on a day to day basis. This variance is then reduced to the
standard deviation of the mean of five tests, estimated by

ol Fgr. The resulting standard dev1at10n of the mean deflnes
thie shapes of the distribution curves shown in Figures 4, 5 and
6. All that remains is to assign a zone of indifference
establishing the location of these curves with respect to the
Mov1ng Average Spec1f1catlon.

The zone of indifference is a region bordered by the lowest
populatlon mean the consumer is willing to accept at a given
risk and by the highest population mean the producer can meet
economically. In the case of the Sand Equivalent Test, the former
value is simply the Individual Test specification. The producer's
value is, however, a function of several wvariables: aggregate
properties, plant characteristics and production techniques.
Therefore, since, ‘the producer's 11m1t1ng value could not be
established, a 5pec1f1c producer's risk due to testing could

not be assigned. Figures 4, 5, and 6 1llustrate the concept

of consumer and producer testing risks.

Prev1ous studies by the Callfornla Transportatlon Laboratory

[7] indicate that materials and sampling variance together usually
compose a much greater part of the total variation inherent in
test results than does error due to testing. As a result, the
actual risks taken by either producer or consumer depend largely
upon the materials control exercised by the producer's plant.
Ideally, the producer given a minimum target value based on
testing risk, should be able to adjust his operations to achieve

a low total rlsk
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Figure 3
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Figure 4
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Figure 6
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" As a measure of consistency and accuracy, a comparison was made
between this Sand Equivalent :precision study and an earlier one.
The prior study used only three operators, all from the
Transportation Laboratory. Each operator ran ten individual
Sand Equivalent Tests on three separate fine aggregates (PCC,

AC, and AB) by both the Idaho and Mechanlcal Shaker methods.

A total of 180 Sand Equivalent Tests were made. After the results
of these tests were obtained, it was felt that there was not
enough data collected to adequately determine on a statewide

basis a Precision Statement for the Sand Equivalent Test. However,
since the Transportation ILaboratory operators were the same for
each study, and the three soil samples used were similar to three
of the nine total samples used in this present study, a comparison
could be made between the two studies. The results of this com-
parison are shown in Table 5, The difference between the means
can be attributed to normal sampling and materials variations
since the samples were taken out of separate stock piles at
different times. Over a year elapsed between the two studies.

In comparing the standard deviations between the two studies

an F-Ratio Test was used. Of the 18 comparisons, only three

were found to be significantly different at the 95 percent
corifidence level. This.indicates the test method was performed
consistently over a long period of time.

Each District in the present study had two distinct groups of
operators performing the Sand Equivalent Tests. One group of
three operators worked in the District Materials Laboratory
while the other group of two operators worked in field labora-
tories located on construction projects within the District.

It was decided to compare the means (listed in Table 1) of the
field and lab coperators for the Idaho Shaker to see if there
were any significant differences between the two. To determine
this, a computer program was written for Duncan's Multiple

Range Test [4] for the significance of means. This test was

run for all five operators within each of the five Districts

and for all nine samples resulting in a total of forty-five
comparisons, A large number of these comparisons (32) showed

a significant difference between the means of the five operators.
This agrees with the F-Ratio Test in ANOVA which showed the
significance of the operator effect. However, there was no
consistent pattern developed between field and labk personnel.
Table 6 shows that one of the two field men in four out of the
five districts obtained the highest Sand Eguivalent Value for
most of the samples. In only one District, however, was a field
man significantly different from the other operators for a majority
of the samples. Therefore, it was concluded that there is no
significant difference, on a statewide basis, between the means
of the field and laboratory operators. (Table 6 is read as
follows: For District A, Operator Field 5 had the highest
reading in 7 of the 9 samples tested, with 6 of these 7 results

ClihPD wwwLfastio.com
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RESULTS OF DUNCAN'S'MﬂLTIPLE RANGE TEST

TABLE 6

1

brsTrICT lopERATOR | RANKZ INO. ExTREME RESuLTs®|wo.SIGNIF.EXTREME RESULTS
A Field 5 |Highest 7 6
Lab 2 Lowest 5 i 1
B Field 5 |Highest 8 4
Field 4 |Lowest 5 4
C Field 4 |Highest 8 1
Lab 2 questr 8 3
D Lab 3 {Highest 7 2
Field 4 |Lowest 8 1
E Field 5 |Highest 6 2
Lab 1 Lowest 5 1

1. Refer to Table 1.

2. The five operators' results for each sample were placed in
order, from the lowest reading to the highest. The operators
who ranked highest and lowest the most number of times out of
the nine samples tested were chosen for the comparison f£rom
each District.

3. The number of times the operator ranked high or low out of
the nine samples.

4,

ClibPDF =

Significance determined at 5% level.
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being significantly different from the lowest result. Also,

Operator Lab 2 had the lowest result 5 times, with only one
" of them being significantly different from the 2nd highest

reading.) : '

In another analysis, the F-Ratio Test was used to determine if
any significant difference in test precision occurred between

- _ shaker methods. The test indicated no significant difference
between the Mechanical and Idaho Shaker at a 95% confidence
level, '

I
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APPENDIX A

Glossarg

BARTLETT'S TEST: A test measuring the homogeneity of a large
number of variances.:

CONSUMER TESTING RISK: The probability of accepting 1 bad
material because of faulty test results.

DEGREES OF FREEDOM: The number of independent values that
can be assignéd to a set of observatioms.

DIFFERENCE TWO-SIGMA LIMIT (D2S): The greatest difference
between two randomly selected test results on the same
material that can be expected to occur 95% of the time.

DUNCAN'S MULTIPLE RANGE TEST: A test measuring the homogeneity
of a large number of means.

EXPECTED MEAN SQUARE: The long range éverage value of the mean
square in algebraic form.

INTERACTION SOURCE: A source of variance attributed to the
combined effect of two or more main sources of variance.

MAIN SOURCE: A source of variance due to one particular effect.
MEAN SQUARE: The variance of a set of means.

MULTILABORATORY PRECISION: A measure of the greatest difference
between two test results that would be considered acceptable
when properly conducted determinations are made by two different
operators in different laboratories on portions of a material
that are intended to be as nearly identical as possible.

POPULATION MEAN: The average value of a set or collection of
observations having one or more properties in common.

PRODUCER'S TESTING RISK: The probability of rejecting good
material because of faulty test results.

REPEATABILITY: A general term refering to the precision of a
test method in its most restricted form (in this case, a single
- operator using the same egquipment on the same test portion).

REPLICATE TESTS: Ideally, two or more tests conducted under
identical conditions, on identical material and by the same
operator.
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'REPﬁbDUCIBILITY: A geﬁéfél term refering to the precision of

a test method in its most broad or relaxed form (in this case,
different operators in different 1aborator1es using different
equlpment on the same test portion).

SIGMA (c): The Greek letter symbolizing standard deviation.
SINGLE-OPERATOR PRECISION: A measure of the greatest difference
between two results that would be considered acceptable when
properly conducted repetitive determinations are made on the
same material by a competent operator.

STANDARD DEVIATION: The square root of variance.

SUM: OF SQUARES: The sum of the squares of the deviations of
a set of data from its mean.

 VARIANCE: A statistical measure of data dispersion defined

as the mean of the squares of the deviation of each data
point from the arithmetic mean.
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APPENDIX B

Analysis of Variance (ANOVA)

The word ANOVA describes a statistical technlque that catego-
rizes data and isolates selected sources of variance. A
computer is particularly helpful in performing ANOVA's on
large amounts of data. For this study a General Electrlc
Library Program called ANVA5 was used.

o

The G.E. lerary Program is a full factorial, five level ANOVA.

It prints out the sum of squares (S5), the degrees of freedom

(DF) and the mean squares (MS) for all main and interaction
sources of variance.

For each grouping of aggregate type the five main sources of
variance isclated were: Between samples, districts, operators,
shaker methods, and runs, plus the error or replicate variance.
These were tested for significance using the F-Ratio Test on the
mean squares. The component variances were then computed using
the expected mean square equatlons (EMS) [4].

Once these variances were determined the standard deviation
and the Difference Two-Sigma Limit (D2S) were easily calculated.
The D2S has been selected as the appropriate 1ndex of precision
for use in Precision Statements [1].

The EMS table and ANOVA outputs are listed in Tables 7 through* 10.
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‘Table 7

EXPECTEﬁ‘MEAN SQUARES

Source’ DF EMS

Samples 2 vé+3vr+24vso +'72vSd +432vS
Dlstrfptg 5__ ve-+3v-r+24vsq+72v0+72vsd+216vd
* 10 : | o .
S*D 10 ve+3vr+24vSO +72vsd
Operagprs o 12 | ‘Ye+3vr+24vso+72vo
S*0 S 24 ?~Ve+3vr+24vso
Methoés 1 ve+3vr+12vsomf36vbmf3Gvsdmflo8vdm+216vsm+648vm
* -. e o - ~ . -
SAgu”&:;! 2 _ Véf3vr+12vsom +36vsdm +216vsm
D*M 5 Vé+3vr+12vsom+36vbmﬁBGVSdmfloSVdm
S*D*th_ - 10 ve+3vr+12vSom +36vsdm
O*M :‘ 12 ve+3vr+l2vsom+3svom
* E ) .
S*O*M ) 247 | ve+3vr+12vSom
Runs 324 | Ve+3vr
Error. 364 Ve
Total;_ 1295
Note: v symbolizes variance
B-2
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Source

Samp%es

Districts

Operators

Methods
Runs
Errors

Total

Source

Samples

Districts

Operators

Methods
Runs

Exrors -

Table 8

ANOVA FOR LOW S.E. AGGREGATES

ss DF MS . F-Ratio
3016.7 2 1508, 35 360.605%
693.02 5 138.604 2.86034
581.486 12 48ri572 11.5848%
10.0379 1 10,0379 2.39978
1719.15 411’ 4,18283  5.85505%
617.239 864 0.714397

6637.63 1295 5.12559

Variance Sigma

3.48187 1.86598

0.417346  0.646023

0.614921  0.784169

0.009036  0.095056

1.15615 1.07524

0.714397  0.84522

*Asterisk indicates significant source of variance.
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Source

Sampleé
Districts

Operators

'Methodé

Runs

. Errors:

Totalf

Source

Sampiés

_Districts

Operators
Methods
Runs

Errors

*Astetisk indicates significant source of variance.

wavwfastio.com

. Tabie 5:"

ANOVA FOR MEDIUM S.E. AGGREGATES

ss

DF
427.678 2
5009.38 5
123é.23 12
12.7283 1
8881.68 411
1963.95 864
17583.7 1295
Variance . Sigmé.”"
0.444975  0.667064
4.1413 2.03502
1.19092 - 1.09129

" Zero
6;44561 2.53882
2.27309 1.50768

MS

213.839

1001.88
107.356
12,7283
21.6099
2.27309

13.5781

F-Ratio
9.89541%
9.33224%
4.96792%
0.589001

9.50687%
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‘Table 10

ANOVA FOR HIGH S.E. AGGREGATES

- Source S8 DF MS F-Ratio
Samples 9667.31 2 4833.66 562.502%
* Districts 2581.39 5 516.277 9.84659%
Operators 629.185 12 52,4321 6.10163%
Methods 1.21289 1 1,21289 0.141147
Runs 3531.78 411 8.59313 4.06222%
Errors 1827.69 864 2.11538
Total  18238.6 1295 14.0838
Source Variance  Sigma .
B Samples 11.1691 3.34202
F Districts 2.14743 _ 1.46541
operators 0.608874  0.780304
Methods zZero |
Runs 2.15925 1.46944
Errors 1.45443

2.11538

*Asterisk indicates significant source of variance.
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APPENDIX C

Histograms

Tncluded are 3 histograms summarizing results for the three

material types tested. The histogram data, shown in Figures 8

to 10, was graphed using a Hewlett-Packard plotter in conjunc-

tion with the Transportation Laboratory's GE time-~share computer.

The computer plotted Sand Eguivalent Values versus frequency

in histogram form, and then superimposed the normal curve

+ computed from the data over the histogram. With this type of
arrangement, the dispersion and normality of the Sand

Equivalent results can easily be seen.

.........

-
|
B
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.' Figure 9 "
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- APPENDIX D

Scatter Diagrams

The following scatter diagrams provide a convenient graphical
presentation of the data for six of the nine samples used in
» the experiment. They were drawn up for one of the three
possible sample combinations for each material group. Each
of the two shaker methods was graphed separately. The state-
wide mean and standard deviation for each sample were plotted,
dividing the paper into four gquadrants.

The upper right quadrant corresponds to a region where points
represent values greater than the average for both materials.

The lower left quadrant is a region where the points represent

values less than the average for both materials. The other

two ‘quadrants provide for values one of which is greater than

the average and one below the average. If only random errors

of the precision type are present in the results, the points

may be expected to be distributed equally among the four

quadrants. If systematic érrors are present, the effect is

to shift the points into the upper right or lower left quadrants [1l].

If an operator has a systematic error in his testing procedure,

- his results will generally fall into one guadrant. For instance,
the second operator in District C falls into the lower left
gquadrant on all six scatter diagrams. He consistently obtains
low Sand Equivalent Values. This shows that the scatter diagram
might prove an effective tool in operator certification programs.

CT Lab Sac 6-~74 350
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Figure 10

SCATTER DIAGRAM
SOIL. NO. 1 VS SOIL NO. 9
MECH. METHOD
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SUBSCRIPT REFERS TO OPERATOR NUMBER

Figuré I
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Figure 12

SCATTER DIAGRAM
SOIL NO.3 VS SOIL NO. 5
MECH, METHOD
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Figuré 13

SCATTER DIAGRAM
SOIL NO.3 VS SOIL NO. 5
~ IDAHO METHOD
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NO. FOR SOIL NO.4

 SAND EQIVALENT

F'i'gure' 4

SCATTER DIAGRAM
SOIL NO.4 VS SOIL NO. 8
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SAND EQIVALENT NO. FOR SOIL NO. 4

Figure

15

SCATTER DIAGRAM
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