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This is one of a series of reports to be
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Materials.” The work was done under the 1964~65 Work
Program HPR 1 (2) 6 F-1-1 in cooperation with the
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FOREWORD

In an effort to obtain more uniformity in highway construction
processes and materials throughout the nation, the Offic¥# of Research
and Development of the Bureau of Public Roads 1ls advocating the use
of statistical methods of quality centrol.

The first phase in evaluating these new control procedures 1is

to determine what is being achieved with present construction pro-
cedures and specifications. This is belng accomplished by statis-
tically surveying current or recently completed acceptable con-
struction projects. Since this phase of the program is essentially
a fact finding survey, it presents no great engineering difficulties.
The éggggg phase of the B. P. R. program includes preparing and
evaluating statistical specifications for various construction items.
For this phase, construction items may be divided into two groups:
First, items or materials manufactured or fabricated commercially;
and second, end products of construction bullt under direct field con-
trol, normally of local native materials (rock, sand, earth, etc.).
Problems assoclated with the first group of items in varying degrees
have been solved by the producers, most of whom have their own
system or method of quality control. The difficult and direct

problems for highway engineers are found in the second group of con-

struction iltems.
As part of this natlonwide survey, the California Division of

Highways is studying the control of nine different items. This re-

port covers the survey findings on one of these materials -- paving

asphalt, a commercilally processed item.

Clih.RD.
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ABSTRACT

This report deals with the present specifications,
variation in test results, and control of testing procedures for:
85-100 grade paving asphalts. Test records on file for the 85-100
grade paving asphalts were evaluated. It was found that all but one
percent of the results fell in a normal distribution with a range
of 78 to 106. It was concluded that this range represents reason-
able control limits for acceptable material. A revised specifi-
cation based on economic and statistical considerations which will
allow the purchase of the material within this range is presented.
It was also found that, in this case, full adherence to the prin-
ciples of statistics is not warranted.

The need for some system to indicate laboratory oper-
ational control is cited and a method for setting up a statistical

control chart procedure is presented.
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INTRODUCTION

An evaluation of the asphalt penetration test has been in-
cluded in the Statistical Study of Materials. This report is limited
to the evaluation of the Penetration Test on 85-100 grade paving as-
phalt, and it is intended that these findings will be included in the
summary report for the project titled "Statistical Study of
Materials'',

The purpose of this analysis is to evaluate the variance
between samples received in the laboratory, to determine the vari-
ance due to processing and testing in the laboratory, and to evalu-

ate the present control and specification for 85-100 grade paving

aSphalt.1
MATERIAL AND PROCEDURE

The 85-100 grade paving asphalt was selected for this
study because it represents 75% of all paving asphalt used by the
California Division of Highways. Randomly selected test records
which represented the testing performed by the Headquarters Labo-
ratory during 1962 and 1963 and by the branch laboratories in
Los Angeles and Bakersfield during 1963 were included in this study.

In addition, a special series of tests were conducted on
101 normal control samples in the Headquarters Laboratory. The
special tests made it possible to determine the variance between
samples and the variance introduced by preparing and testing the
material. These samples were tested in duplicate, set aside, re-

heated, and retested in duplicate at a later date.

L
For definition of terms see Appendix A.

fFastromcom
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ANALYSIS OF DATA

All materials included in this study were supplied by the
producers as 85~100 grade asphalt. A plot of the test results re-
veals that a great majority falls into a normal, or bell-shaped dis-
tribution.

Of the 4765 test results reviewed, 93% fell within the
85-100 limits of the present specification. A normal curve with the
same mean and standard deviation as the histogram would have only
78% of the material within these limits. Thus, the characteristics
of the normal curve are greatly distorted by a few extreme values,
Figures I through V show varying degrees of this distortion. Figure
VI shows the result of discarding the extreme values. This normal
curve closely approximates the histogram after only 0.96% of the
test results were eliminated.

It has been concluded that these extreme results could be
identified with causable factors, such as contamination of the as-
phalt or errors in labeling and, therefore, should not be included
in any study of the basic random variation in the product,

For this study, the limits of the random sample were de-

fined as "all observations lying between the limits of 75 and 110%";

thus, the observations outside this range were rejected. This rejec-

tion was based entirely on engineering judgment and no attempt was

made to justify this action with the use of theoretical mathematical

procedures such as ASTM Designation E 178 or the Pierce-Chauvenet

Clih.RD.
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criterion. These limits are intended to reflect the best possible
control that can be expected with the present production and control
procedures.

As shown in Table III, the adjusted distribution has an
average of 92.2 and a standard deviation of 4.6. The normal curve,
with this average and variance, has 3¢ limits of 78 and 106. This
approximates the range of material that is actually being purchased
with the present 85-~100 specification.

There are several reasons why this range exceeds the limits
of the specifications. For example, tolerances are allowed for vari-
ation in the testing method, and retesting of off-grade samples is
part of the normal procedure. These actions have been taken because
in reality it is desirable to purchase all the material falling with-
in this normal universe. To do otherwise would be costly and re-
quire significant improvements in the overall technology of paving

asphalt production and control.

CAUSES OF VARIATION

There are many causes of variance in test results. It is

possible to identify the major causes and measure the variance they

introduce.

Messrs. E. Zube and J. Skog2? found that for 85-100 pene-
tration asphalt, the variance between 1aboratories using normal test-
ing procedures is somewhere between 16 and 22. They also found that

the variance between tests run by the refinery and the customer on

samples taken from the same shipment to be 18.5.

2
E. Zube and J. Skog, Correlation Between Laboratories on Results of
ASTM Tests for Asphalts; ASTM, STPZLZ.
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With the data from this present study combined with the
earlier work of Zube and Skog, it is possible to make the estimates

of the variances presented in the table below,

TABLE I - ANALYSIS OF VARIANCE

Source Variance Based on Sample Size

Between tests on the same sample
(poured and tested at same time), 1.4 101

Between tests on the same sample
but prepared at different times
(reheating required). 3.8 101

Between samples from the same
shipment (sampling error only). 2.5(Calculated) --

Between samples from many ship-
ments received at one laboratory. 11.5(Min. Value) 101

Between laboratories on very
similar samples. 16 to 22 23

Between results of tests run by

refinery and by customer on
samples from same shipment. 18.5 2460

Overall variance of test results
from one laboratory {(excluding
results below 75 and above 110). 17 to 22 1000

Total variance in test results of
many tests from one shipment at
one laboratory. 10.5(Caleculated) --

ClihPD. AR A AR S HO-EE-T
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LABORATORY CONTROL

The tabulation of the causes of variance shows that the
variance between laboratories is relatively large. In the study
by Zube and Skog four of the nineteen laboratories surveyed were
found to have operational difficulties with the penetration test,
Because the calibration of the equipment used in asphalt labora-
tories requires difficult fundamental measurements of time, tem-
perature, length, and mass, these laboratory control problems are
not surprising.

It 18 believed that a procedure is needed which will
indicate when the laboratory is out of control. Since the test
results exhibit normal, random behavior, the laws of probability
can be applied and control ch;rt procedures can be used.

The most common procedure is to utilize a control chart
which will indicate the difference between the daily average and
the long-term average., To start with, the long-term average
could be based on the findings of this type of study. It would
no doubt have to be revised periodically with current data,

Appendix B outlines the necessary steps for setting up
a laboratory control chart procedure. If,in the course of chart=-
ing, a daily average is found to fall beyond either the upper or
lower limit, it must be assumed that a control problem exists and

steps would be taken to identify the problem.

Cla-R D= =yyRyigay
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Figure VII shows a control chart calculated for the period

of July 28 through November 12, 1964. It is noted that the daily
control limits are determined by the number of tests; that is, the
more daily tests the more restrictive the limits.

The daily average exceeded the upper limit on August 14,

It is speculated that the technicians did not observe this condition

and did not correct the problem until August 19. This would explain

the sudden drop at this point, Had a control chart been in regular
use it is probable that the trend would have been observed and

earlier action taken.
CONTROL OF SHIPMENTS OR LOTS

In the final analysis, most engineering is based upon

minimum or maximum limits. It is usually the extreme value which

limits the design rather than the average. Stating this another way,

we are primarily interested in the weakest link of the chain. Once
design limits are established and the variance of the production or
procegqure is determined, it is possible to prepare a specification
that will give assurance that these limits will be maintained.

As pointed out earlier, the acceptable material which is
now being purchased falls within the penetration range of 78 to 106.
Since experience has shown that this material meets our engineering
needs, these limits should be used as the basis for any new speci-
fications.

This does not mean that we can simply change our speci-

fications from 85-100 to 78-106 because this would be inviting the

-
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producers to lessen their controls. With present asphalt technology,
the probability of getting a test result of 78 from an acceptable lot
is less than 1 in 1000.

If we were to statistically judge a shipment on the basis
of one test only with a result of 78, we would have to conclude that
the lot was defective. On the other hand, if one of four results
taken from four samples from one shipment was 78 and the average of
the four was 87, it would be reasonable to assume that the lot falls
within the normal universe shown in Figure VI and it should be ac-
cepted for use.

A properly designed statistical sampling and testing plan
could provide the needed assurance that the material purchased would
fall within the 78-106 limits. Such a plan would require that three
or four independent samples be tested from each shipment and that
the average of these test results be within a specified range, say
87 to 96. This procedure would be more costly than the present plan
and, since it is recognized that we wish to continue purchasing ap-
proximately the same range of material, the plan would accomplish
very little. Therefore, a specification is needed that will provide
reasonable assurance that the refineries maintain a high quality level
and, at the same time, provide for the acceptance of the asphalt with-
in the limits of 78 to 106, or 79 to 106 for symmetry about the

present 85-100 range.

It is believed that the following specification will meet
- these two requirements without appreciably increasing the cost of
testing. This specification is not based solely on statistical prin-

ciples, but rather on a combination of economic and statistical

CHHRRD—-=paayy=Farstiro—coNT
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considerations. In addition, the numerical limits of 85 and 100 are
still used, thus allowing the designation of the grade to remain un-
changed.

PROPOSED SPECIFICATION FOR PENETRATION
REQUIREMENTS FOR 85-100 GRADE PAVING ASPHALT

The asphalt shall be tested in accordance with the standard
methods of tests of the AASHO and shall conform to the following re-
quirements, when determined in accordance with California Test

Method No.

Requirement #L:
A single penetration determination at 77°F by Test Method

T49 shall be within the range tabulated below.

Grade Aceceptable Compliance Range

40-50
60~70
85-100 79 through 106
120-150
200-300
Requirement #2:
The average penetration determination calculated in ac-

cordance with California Test Method shall be within

the range used to designate the Grade (See Appendix C).

Materials not meeting both requirements one and two shall

be

CHhRD—mppy=fast-o—co1m
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Even though this specification is only partially based on
statistical principles, it is possible to estimate the risk of re-~
jecting good material. With the average and standard deviation
determined in this study, the risk is approximately 3% and in actual
practice this would involve mostly borderline materials.

The risk of accepting material which should be rejected
is not a constant,»but is a function of how far the true average of
the lot has shifted from the 92.5 average implied in the speci-
fication, 85-100. If the producer were to operate only slightly out
of control, the risk of accepting his product would be great, but the
quality of his product would still be within reasonable limits. Con-
vgrsely, if the product was considerably out of control, there would
be only a small risk of the control tests indicating acceptable

material.
EFFECTS OF REHEATING

The test results of the duplicate test series show that the
mean of the test resulFs on reheated samples decreases approximately
one point (1.02) from the mean of the initial samples, Statistically,
this decrease is significant at the 90% confidence level.3

Hardening of the material by reheating should be considered

when checking the work of others or retesting samples within one

laboratory.

3 = -

There is a 90% probability that the following statement i1s txue:
"Reheating measureably reduces the penetratlon tgst”results and the
most probable value for this reduction is one point .

Hy-fastroTcom
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CONCLUSTONS

A plot of the penetration test results of 85-100 grade
paving asphalt reveals that a great majority of these results fall
in a normally distributed universe. It is concluded that about one
percent of the observations fall outside this universe because of
some assignable cause, such as contamination or mislabeling of the
shipment. It is also concluded that all material falling within
the normal universe, which has limits of approximately 78 and 106,
is acceptable material and is presently purchased with our 85-100
penetration specifications.

Any attempt to strictly enforce the present 85-100 speci-
fications would require significant revision in the existing pro-
duction, handling and control procedures.

A statistical specification can be written which would
allow the purchase of the material falling in the normal universe,
shown in Figure VI, while still excluding practically all materials
affected by assignable causes, but this specification would require
considerably more sampling and testing than our present specification.

A workable compromise specification based on both economic
and statistical considerations should be considered. Such:a speci-
fication has been presented in this report. Its adoption should
provide reasonable assurance that the refineries will maintain an
adequate level of quality control.

’ It is further concluded that it is possible for laboratory
test results to be out of control for a day or two due to assignable
causes without the knowledge of the operator. A statistical control
chart of daily averages would be a satisfactory instrument for

indicating this condition at the end of each day.

EHbPRF—wrrrFasTToTCoM
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APPENDIX A

Definitions

In general, the definitions of terms used in this regport
agree with the definitions in ASTM Special Techmical Publication 15-C.

The more common terms are defined below.

The standard deviation, @ (Sigma), is a measure of the dispersion

of the measurements from their average. The mathematical

definition is:

o = S & - 0

n

Where X is the average, X; is each individual observation
and n is the number of observations. The range of a large
sample (n=30) drawn from a normal universe is approximately

equal to the limits of X130,

The standard error, g., is the standard deviation of the averages of
X

several samples, and is estimated as follows:

0"/ a

The variance, gz, is the square of the standard deviation. Quality

control people usually think in terms of variance rather than
standard deviations because variances, unlike standard devi-
ations, are additive.

The following example may give some insight into this
subject. The thickness measurements from two courses of

roadway aggregate were each found to have a standard

ClihRD \ A/ A by—F
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deviation of + 0.2". It would not be expected that the
thickest (or thinnest) areas of these courses would coincide.
Statistically, based on the theory of variances, this over-
all standard deviation of the thickness of the two courses

would be:

7 7
Seo =1/0.2 +0.2 =0.28"

An observation, Xj, is one test reading or result.

A sample is a group of readings or observations. If six cores were
taken to represent a section of pavement, this would be one
sample of six observations.

The universe is defined as all the possible observations or measure-

ments of a given lot, area, etc. Thus, if a sample of six
cores were tested to represent a section of roadway, the
universe would be "the test results of all the possible cores
that could be taken from the section of roadway".

A normal universe: When the distribution of the observations from a

universe forms a bell-shape curve it is said to be a
Gaussian or normal universe. (See Figure VI).

A histogram is a bar graph representation of a frequency distribution.

(See Figure VI).

The Confidence Level, P, is a measure of probability; it is the ratio

of the number of occurrenves po the total possible number of

occurrences. The statement X =93.5+ .3 (P = .95) means
-t

there is a 95% probability that the true X is within the

range 93.2 to 93.8.

ferstromcom
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. APPENDIX B

Use of Control Charts for Averages

Control charts may be used to indicate when a testing labo-
ratory is operating '"out of control"; that is, when some assignable
cause is adversely affecting the results. Thus, control charts pro-
vide a check on equipment calibration, personnel aptitude and profi-
ciency, and laboratory environment. Indicators which are sometimes
charted are average, range, variance, and percent out of specifications.

When the test results exhibit a normal distribution, a plot
of the daily average is sufficient. Maintaining additional charts
igs usually unnecessary, costly, and can lead to general disinterest.

When preparing a daily average control chart for most high-
way material tests, only two statistical parameters need be measured;
the long-term average, i, and the long-term standard deviation, O .
These two parameters should be determined monthly and combined with

the three previous monthly results to provide the long-term measure-

ments.

The upper and lower control limits are based on the standard
deviation, but the setting of these limits requires a judgment deci-
gion. The decision should be based on the seriousness of operating
slightly out of control and the cost of recalibrating the laboratory

equipment. When the 1imits are set to plus or minus two standard

o- L] -
errors (+ 2 ) the chart will quickly indicate problems;

ial

however, there 1s a filve percent risk of indicating a problem when

C LR ey —fars = e—E0r
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in fact there is none. Plus or minus three standard errors

(+3 —9 ) is often used. These limits are less sensitive and

VTR

will seldom give a false indication of a control problem. It should
be noted that the daily control limits are a function of the number of

daily observations, and thus fluctuate.

A complete discussion of control charts is presented in ASTM

Special Technical Publication 15-C, part 3.

ClHh-RB==—yrpyy=fasEromeon
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Preparation of Daily Average Control Charts
for the Penetration Test
85-100 Grade Paving Asphalt

Procedure
Step One:
Determine the long-term average

exclusive of unusual results

(below 75 or above 110),

Step Two:

Determine the average standard
deviation of the test results
for past four months, exclusive

of unusual results.

Step Three:

Determine the standard error.

Step Four:

Make a judgment decision about

the limits of the control chart.

This decision should depend on
how serious it is to operate
out of control and how expen-
sive it is to recalibrate the

laboratory equipment.

Example

See Figure IX for tabular pro-

cedure for determining monthly

average. Average monthly re-

sults for past four months,

(88.3490.1+90.6+91.4) = 90.01
A

Use X = 90.0

See Figure IX for determination
of standard deviation. Average
results for past four months,

(4.646.343.944.1) = 4.72
7

Use O = 4.7

Standard Error = g
A/ n
n = Number of observations for

any given day.

Use limits of X + 3 standard

errors.

ClilPBR-—spmy
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Procedure

Step Pive:

Prepare the chart.

Step Six:

Prepare a table of the
limits for daily averages.

Step Seven:

Calculate and plot the

daily average, exclusive of
any extreme values {below 75
or above 110}, Evaluate

each daily average.

«1l6-

Example

See Figure VIII

See Table II

See Figure VIII

ClihRD.
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TABLE II

xample of

Three Standard Error Limits
for Daily Averages

~17-

No. of Daily Tolerance Lower Limit Upper Limit
Observations t3_0 90.0-3 —< vo90.0+3 =<
(n) VA VH VR
4 7.1 82.9 97.i
5 6.3 83.7 96.3
10 4.5 85.5 94.5
15 3.6 86.4 93.6
25 2.8 87.2 92.8
50 2.0 88.0 92.0
75 1.6 88.4 91.6

rrvFas troTCom
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APPENDIX C

Calif. Test Method No.

TENTATIVE METHOD FOR DETERMINING COMPLIANCE WITH

PENETRATION TEST REQUIREMENTS FOR PAVING GRADE ASPHALTS

ScoEe

This method provides a means for determining compliance with
penetration test requirements for paving grade asphalts.
Procedure
A, Field Samples
All field samples from any specific contract or purchase
order shall be numbered in consecutive order of sampling.
That is, the first sample from a specific contract shall be
numbered 1; the second 2; etc.
B. Testing
All samples shall be tested by a single penetration

determination at 77°F (AASHO Test Method T49) in a designated

laboratory.
C. Compliance Requirements
1, Requirement No. 1

All field samples of paving gradg asphalt shall
have a penetration within the range given in the
specifications when tested in the designated labora-~
tory. Samples which do not comply with this require-
ment shall be considered unacceptable.

2, Requirement No. 2
The average penetration test result, determined
by averaging the result from the sample being consid-

ered with the result from the last previous sample from

ClHb-PBF—wrrrvr-fastrorcon
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the same contract or purchase order which met the speci-
fication for requirement #1, shall fall within the range
specified for the grade in the specifications.

The following table is an example, and does not
necessarily agree with the requirements set forth in the
specifications.

Grade and

Average Range Specification
{Requirement No. 2)

Compliance Range
(Requirement No. 1)

40-50

60-70

85-100 79 through 106
120-150

200-300

-19-

ClihRD
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Example - 85-100 Grade

Penetration
Sample No. Result Average
1 76 -
2 82 -
3 84 83
4 96 90
5 74 -
6 69 -
7 80 88
8 94 87
9 94 94
10 104 99
11 108 -
12 96 100

Contract No.

Remarks

Rejected
Accepted
Rejected
Accepted
Rejected
Rejected
Accepted
Accepted
Accepted
Accepted
Rejected

Accepted

-20-

)

HH-PBF=—wrrrvr-fastrorcom


http://www.fastio.com/

..2 l_.,

II 290l

{San|DA 3naj ayy sa1}1ubis UOIIDIOU AWIA4 ) "3OUBPIJUOD [DOUSIDIS O [3A3T=d %

‘1x2} 99s

$31195 §$94 |D103ds JO $4{NSAY 'E

"papn|oul aip O)1—-G2 40 abuoi ayy uigstm Bui[py s} nsas 1S3} Isoyy Aup 2
sj|oydsy Bulaod apoi9 QOI-G8 UO S4Nsas ||V |

0 0 S F I 8 FC68 (Paibayay) 10! = Apnyg |pioadg
- 0 ¢ G ¥8e 8 206 (iotpuy) 101 = ¥96| Qo7 04205
11 JACEV MO = = .
G3I0N10X3 I m#ﬂm;wm;, » G6=d) O «G6'=d) X | SUODAISISQQ 4O ON ¢994nog
2L 0 610 I"¥ 9% ' $226 029p =V D}DQ pauIquwo)d
090 020 2F Y 2 F9¢6 $66 =V €96( PplaNsiyog
20 81 0 I"'F 1P 2 F0i6 £991=U €961 qP1 'V
i6°0 010 S F LY P S | ) 186 =VU €961 qU7 04205
0L | 0€0 2 FLlY £ F6¢6 286 =U 2961 GO0 01905
Ol 3A08Y | G2 MO138 “=d) D = .
g30N19X3 IN3JH83d x(567=d), *Amm d) X SUO14DAIBSQQ O ON 2 924105
viva g3aisnrav
062 - 29 I"F 19 2 ¥G26 Q99 = U DiDQ PauIquio)
8¢1 — €9 2 F8Y € FLE6 000! = VU €96l platjsiayog
Sl -29 I"+.¥P ¢ +606 0l91=1U €961 g7 "Vl
0Ll - €9 CFL9 v FLI6 066 =U €96] QD] 04908
06¢Z - 0L EFo6L S ¥FGv6 0001 =u 2961 qo 0}20g
ebuny (667 =d) 0 me =d}, X SUOI}DAI3S]Q JO ON , 894nog

do0ll ‘6P L-OHSVYV

vivd 43isSnrgv NON

LIVHJSY 9NIAVd 3QVY9 00I-G8 NO SLINS3H LS3L NOILVMLIIN3d 4O SISATVNV

RS TTOTCTONT

LEHB-RPP!


http://www.fastio.com/

_22_

I 34¥NnOl4

dell 1V NOILVHLIN3d

0Ge 06l 0] 4 Ot orq Ol OOl

06 08 Ol

3AHND TTVWNON

O000I=u
6'L=0
S'v6= X

AYOLvH08V1 OLNINVHUIVS
SQY¥023Y 1S31 2961 WO
SNOI1vAY¥3IS80 000! 40 3ITdNVS

1TVHdSY INIAVd 3QVHI 001-G8
S1S31 NOILVYL3IN3d

~ L sog._mw TIT:

D
g
0
[+
v
x
L+
»

............
..........
X 0 O
.......
.......
.......

o
TTIETTITy m
o

LLLAR R

LAARAR ARRRAY

LARJ

o o o
mnm N -

'I|‘]Il|1ff"ll'

o
¢
1 E

Q O
0 o
N3INO3

O
e o)
3043d ‘AD

Q
o
AN

III'II'!'I"lI'l'l!l‘llllTlll'lIl'lTIl'llTlTllll]'ll'll1lll]1'1l1]

‘l
Q
o

LAAR

011
02l
Eo'gl

ClihRD!


http://www.fastio.com/

..23_.

I 34N9id

404 LV NOILVYHL3INGd
0Ll 03] o]*] ocl Ol 00l 06

bbb o el aboabeadr e ek

.......
........

TVNYON

066= U
L'9=0 |
IN[-ER g

ANOLYYHO0AV OLNINVYHIVS :
SQ¥093Y 1S31 €961 WOM4 -
SNOILVAY3SE0 066 40 3IT1dWVS

1TVHdSY 9NIAvd JQV49 001-G8
S1S31 NOI1vH13N3d

08

oL

O
- ©®
o

llll"'l'lll‘ll]ll"ll'l

© O ©
Mm N -

lllIlllIlI'l’ll‘"lllll’llllll

STFO-COM

IWITRVIVNAR 22

ClbhRD!


http://www.fastio.com/

034 ot oael

——-———hnnb—Phhp——-————_—--—r“-—-

d0ll 1V NOILVH13IN3d

o]

oI 340914

JAUND TIVINHON

|~ )

0L91=U

bt =0

O’l6=X 1
AHOLVYHO8V1 SIT3ONV SO s

SQY023Y 1S3l €961 NOYd
SNOILVAY3S80 0491 40 3dNVS

11VHASY ONIAVd 3Qvy9 001-68
51531 NOI1vY13N3d

00l 06

08

N

bybpbrdrri L

072

09

I
O

o o o
n N -

lll‘i'll‘]lli‘l'lIFYI|IIIII]|]|‘|ITII

_ClibRD.


http://www.fastio.com/

._25_.

Al 34¥N9ld

do0l. 1V NOILVH1IN3d
ovl o¢l or Ol 001

pa gl gl

s laao vy lesas
i
6

09

Lo dagag

[ Ll leded

3AHND TTYWYHON

000I= U
8'b=zo
Le6=X

AdOLVYO08VT (a1314S43INve

SQY¥0J3Y 1S3L €961 NOM4
SNOILVAH3IS80 000! 40 31dNVS

L1VHASY INIAvd 30vH9 001-G8

51531 NOI1VY.13N3d

RGO ORISR, 250

-0

0l

£ 02
E0¢
O
E
06 B
e M
=09 Z
E 2
EOL-
=  m
08
E O
06 2
E T -
00l
0l
02
E0'€l

=0

fasH

A

_ClLihRD.


http://www.fastio.com/

26

A 3¥N9Id

doll 1V NOILVH13N3d
04 o¢l 0o¢l ol 00l

101 = U
6'c zo 3AUND TVNYON

206=X

AHOLYV YO8V OLN3IWVHIOVS
$31¥3S 1S3l TTVIO3dS
SNOILVAY3SE0 101 30 3TdWVS

L1TVHSY INIAVd 30VY9 001-G8
S1S31 NOILVY13IN3Id

AL —f-aSE

(AW}

ClihRD


http://www.fastio.com/

27

140

X =92.2

=46

n =4620
130

120

PENETRATION TESTS
110 .

85-100 GRADE PAVING ASPHALT
SUMMATION OF ALL TEST
RESULTS FALLING BETWEEN 75—110

NORMAL CURVE

100
PENETRATION AT 77°F

FIGURE Y1

.................................

.......................

&N 33 -TT
LALALELES DR L BLER AN B LN

90

. 00 GG %
11T|YITT

80

70

IITT]11TII"TIT

60

r LA LRARAGA LA
l'?!l!ll'l'llllflll[lll’llllI|Il|’lIll|’llI|Tll!l'lll'lll'll"ll'llll"!"l“ll"'ll'll|||'|'lllll'l'lT'I'll'llllIIlll’!'l II'I!T l'lll‘

OO.OO.O.O.QO.O.O.O.O
o O ® o M 0w o T M o=

rrn
o
m —
- — T 1IN3OH3d ‘AON3ND3Y4

©
o

CHoRD— —mm-Fastromeom


http://www.fastio.com/

CONTROL CHART
85-100 GRADE PAVING ASPHALT

Daily Sample Average

w8

Figure ¥II a

g =u l 12sU
¥9-82-8 ] ¥9-82-6

ve=u O2au

v2-8 s2-6

6l=U A l =U %
02-9 «bz-s &
Ig=u ) 9 = g}
61-8 | g;-s él
L= ' ge=Uu

8|/ -8 ¢2-6

lisu 9= U j
l1-8 O 12-6

[

€=y k g 0¢s U g
vi-8 3 81-6 S
[l au 9l=U

€1 -8 91-6

pisu § 22=U

¢l-8 Ry bi-6 \
P =U 9 = g+>
i1-8 L1-6 3
glsu 64=U

L -8 ) ‘\.,, 01-6 {

o

r4AEL g - l =V

9 -8 ((ﬁﬂ § v -6

gz=u | § 3 2¢ u

s -8 | ™~ B € -6

6 =l g ;) L\Q 6b=u

v -8 S S | -6

og=u | . {[ 3 |[ zo-v K

€ -8 2 ! \ Ig-8

G au ) f‘ ol =u

og-2 | | 0c-8

g su ! |[2=u

62-4 | gz-8

gz =u N 6 =u [
v9-82-L | 9-92-8 | '
-ve | 2835388858 || U8 | 8R3538833
2100 240Q

JOVH3IAY FOVHIAY
ITdNVS A1iva IdNVYS Alivd

CHirPD

NTTas

(rTo.com


http://www.fastio.com/

q ITK 3.nbig

-29-

~

w\\m\.\E y7 jo4ku0n 4omMo7

AN

JOVHIAV
31dWVS Aivd

340Q

T

~

an —
s N A

Lrwry| 1044409 gma‘q\w\\

b =zl
¥9-21-11
€ =V
Ool=1I1
9 =Uu
9 -1
8lzu
b -1l

g =U
oge-0l
12=0l
v1-0l
ci-0l
|€= U
L -0l

2 EY
H n
F [

lal
62 -0l
02a Vv
92-0|
plau
6isV
02 -01

aboiaay ajdwog LjinQg
1TVHdSVY ONIAVd 3aVH9 001-G8
1H4VHI TTOHLNOD

JOVH3AV
31d4NWVS A1V

62z Y
¢ -0l
Ol=su
2 -0l
ges U
{ -0l
222U
0€-6
22=U
»9-6¢ -6
2i0Q

[ro.com

fas

/’\“ /

W

CTIPDF


http://www.fastio.com/

~30-

NO o9M
‘ajpasu payaayd c9|1£/8 anr-my

/

ol |\0£/8 ar

/12\82/8 | Qr-My

Asphalt
Penetration 85-100 Asp.

dinand

66\92/8 | dr-MY

/"—‘\\/

/'Upper Contro/ Limiks

& |sc/8 ar

Section
Test

LCiels/8 | My¥-4r

6/\02/8 | ar-oM

12\ 6178 r-om

ontrol Limils

Aoty pasodsy

Aynoy 3q meny e
o1 punoy sewiy|4C | 678 IM-MY

g'o/:s indicates a
control problém

\Lo wer (

MO — 9jpasu uad A
“dwsy Yog DI 211278 | Ar-MmY

HOusuy wposu ued| g2\ p1/8 | ar-MY
‘dway y/0q peyI9yYD

Figure MIII

CONTROL CHART

111178 | Qr-9M

bl Cir8| ar-oMm

ngerf
L
AT

Lon Tenm A verqge

4.7 (4months)

8-3/- 64

v\ /11/8 y r-4

£/ L78 Ar-My

to

cl| 98| ar-md

2apnIIxs G/ S
J0 Buipoal duQ £2| 6/8 | IM-MY

‘Appo; yiom Of it -
Palivis d0g vyopr 6|8 me

8-3-64

Long Term Standard Deviation

resft is lof Iifitle cd

OccasionLr/ baardenyine

o£\ £/8 | oM~ M /[

From

>
SINIWWOD |=N|31vd|SHOLYH3dO 3978 IAY

Date:

CIPD WAV fastio.com


http://www.fastio.com/

-31-

X1 24nbig

iloydsy “ojoog

SL1VHASY ONIAVd 3Avy9 O0I1-S8 NO
S17NS3Y 1531 NOILVHLINId 40 AMVYWWANS ATTHINOW

AHOLVHO8Y _— . , . v v . v
— v6g = = - = AT = - ¥ -
P NOMA 317 €28 m_\,, 600 - 2¢5°SH > g d\/ 0 6006 = & + 06 = X
zessi=%| veo s § - OlI-GL UOYL JIWI0 SHNTaY
BlE¥ =0 92+:=4 TR gllel[el|w| e[| # s|ojoL Kjieq
o0t 02+ oll
19¢€ 61 + 19¢ i+ 601
bic 81+ :{e]]
68°¢ Li+ 201
962 9|+ 901
g2¢e G+ G011
9€ 1| l+ 0|
691 el + €01
LA 2l + b1 2L+ 201
il 11+ 101
[410} 4 o + 00} 01+ fale]]
291 8l + I8 & + €6
962 2¢ + -4 8 + 96
96 | 82 + € [53:4 i + i6
2632 r + | 9¢ 9 4 96
00¢ 09 + b 2z g2 g + $6
262 9 + | i FA 14 | 2 91 v + b6
06 0t + £ | 2 1) € + €6
PO | 26 *+ ! 2| v 2| ¢ 4 2+ 26
8z 8 + Z | | r4 £ 1 € I i + 16
o ¢ 2 €| v IR 1| 9 i) 0 06
22 2e - 1 r 2 £ 2 4] 1 [ 68
9G | 8L - ] 4 < 9 1 14 4 14 2 - a8
402 8% - 1 2 + ¢ [ £ - i8
9£e 8 - Fl S | 1 Y] v - 99
Q0% o0l - | £ 2 | [ 1 S - S8
9% g9 - +8
&t L - 4]
4 8 - FA:]
'8 6 - i 18 6 - 18
Qo1 Q] - og
eve 2g - | | 121 b~ 6l
vb | 2l - 84
691 el - il
9s 1 i - -7
S22 gl - | $2¢ gl - Gl
m._xoo m.woo 61/1]81/1|51/1 a2iztlnntan|en|onl ezl po1] 171 06 Woid wos
. uocyommagl 08 F]
€109 27090 31vd J0 aonbg | uoloIAIQ uad
Juunjogy | 9 uwnwey L STviol A1Iva ? NWAT0D g uwn|on|Z uwnje) | | uwnjod

INIWLYV4IQ HOHVIS3H B8 SIVIH3ILVN

TTINTTasro.com

~EHhPD


http://www.fastio.com/

	E:\images\000009\00000935.tif
	image 1 of 39
	image 2 of 39
	image 3 of 39
	image 4 of 39
	image 5 of 39
	image 6 of 39
	image 7 of 39
	image 8 of 39
	image 9 of 39
	image 10 of 39
	image 11 of 39
	image 12 of 39
	image 13 of 39
	image 14 of 39
	image 15 of 39
	image 16 of 39
	image 17 of 39
	image 18 of 39
	image 19 of 39
	image 20 of 39
	image 21 of 39
	image 22 of 39
	image 23 of 39
	image 24 of 39
	image 25 of 39
	image 26 of 39
	image 27 of 39
	image 28 of 39
	image 29 of 39
	image 30 of 39
	image 31 of 39
	image 32 of 39
	image 33 of 39
	image 34 of 39
	image 35 of 39
	image 36 of 39
	image 37 of 39
	image 38 of 39
	image 39 of 39




