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ABSTRACT

As a measure of the aging of asphalt concrete mixes in
the mixing and placement process, a formula was developed to
determine the percentage of expected change in asphalt
viscosity at the time of paving (Lund and Wilzon, 10884) A
value of 20 or higher was used in 1983-2 for acceptarnce on
paving projects At the conclusion of the 1081-8% study, a
follow-up survey was made of zal| projects. Two major areas
of interest were covered in the follow-up questionnaire: 1)

the characteristics of the asphalt mix and pavement at the
time of placement, and 2) the characteristics of the pave-
ment at the time of receiving the questionnaire (March,
1934) .

The responses to the questionnaire, even though they
are subjective, appear to identify and canfirm relationships
between the "C" value and asphalt mix problems The strong-
est correlation zppears to be more with problems at the time
of construction than with long term pavement performance
proolems . Using statistical tests, the significant problems
that were identified during construction were tenderness,
shaving and rutting, segregation and mix being too caold.

The long term significant problems developing after con-
struction were stripping and cracking.

When the ‘ndividual characteristiocs were evaluated, the
dreat maiority had the significance level peak at the jess
than 40 "C" value That is, a greater percentage of the

samples that were below 40 had some problems in the field

lin earily 1985, the Oregon Highway Department raised the

minimum acceptablie "C" value ta 40 . Mix with a value less
than 40 ic to be removed, or at the discretion of the
Frgineer, it may be left in place and a reduction in a

Cemposite Pay Factor calculated (0OSHD Spec. 402 36 .

In 1985, "C" values were again analyzed ta see if any
changes had occurred zince the 1921-1823% study Forty-nine
pirojects constructed or under construction from August 1923
to July 1985 were reviewed, from which 192 individual ‘aCc &
vaiues were obtained Comparing the results with the
TE81-832 data, indicated that individua! variables such zas
Burver fuel type, dust collection syslem, and plant tvpe nro
longer are associated with changes in "C" values lnstead,
the entive ocperatian ladjustment) of the asphalt plant is
the majoc 1afluence on the "Co va lue Due to plant adjust-
ments, several contractors, hzving poor results in the pzst,
Peve been sbie to vaice their average "C" value
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INTRODUCT I ON

Asphalt concrete pavement tenderness, due to inadequate

aging or unexpected soft consistency of the asphalt, has
caused problems such as rutting, surface flushing, strip—
ping, ravelling and segregation in Oregon highways over the
past ten years. In order to identify the causes of the

pavement tenderness, data were gathered from various con-
struction projects throughout the state. As a measure of
the aging in the mixing and placement process the following
formula was developed to determine the percentage of the

expected change in asphalt viscosity at the time of paving

(Lund and Wilson, 1984):

where, A = absolute viscosity of the original asphalt, B =
absojute viscosity of the asphalt residue after rolling thin
film oven aging, and R = absolute viscosity of the asphalt
recovered from the mixture. Baséd on field observations of
paving projects prior to the 1984 report, no paving probiems
(tenderness) were experienced when "C" values were above 50
percent, some problems were experienced when "C" values were

from 30 to 50 percent, and pavement probiems were always



W

esperienced when "C" values were less than 0 percent . A
value of Z0 or higher was then used in,19882-284 for accep-

tance on paving projects (OSHD Specification (403.39)

Starting in 1981 and continuing through July of feez,

data were collected from 29 different projects in Oregon. A
totai of tit samples were collected for determining e
vaiues from these projects. For each project,the contrac-—
tor, mixing plant type, dust coltlection system, asphalt
cancrete mix class, asphalt cement supplier and grade, and
burner fuel type werae recorded. These variables were

correlated against the "C" vatlue of the various paving mi %

samples .

Results from the study indicated that the selection of

hurner fuel type is critical in producing a satisfactory

)

mitx Some lower grade fuels {reclaimed oils), due ta poor

combustion, cause contaminaticn of the mizx by coftening the

asphalt. Low temperature in the mixing or aggregate drying
process, especially in drum wmixer plant burners, is detri-
mental to the mizx This produces , poor combustion of burner
fuel and less aging The overatl! operation and construction
of asphalt plants, burner fue]l type, mixing temperature and
the wse of bag house dust caollectars, has = significant
ianfluernce on the tenderness of the groduced mix (lLund and

Wiisaen, 1984:



tn 1985, "C" values were again analyzed to see |f any
changes had occurred since the 1983  study. Forty-nine
projects constructied or under construction from August 1683
to July of 1985 were reviewed, from which 193 individual "C"
values were obtained. Datz on contractor operation, asphalt

plant type, dust collection system, asphalt grade and brand,
and burner fuel were collected for eazch praoject. These data

wera then compared against the "C" values from the project.

The resulte of this study are presented in a ceries of
figures which will be discussed in detail in subsequent
sections . b summary, figures one, three and five refate

average "C" values to asphalt concrete problems experienced

during and after construction. Individual average nen
values for all projects with yes and with no responses or
good and fair + paor indications of problems are shown on
bar graphs Figures two, four and six through fourteen show
the prercentage of e values that are less than the
indrcated limiting value for projects with problems and
without problems The bar graphs illustrate the yes and ho
responses or geood and fair + poor ratings of pavements when
"C" values are limited ta less than 20, 40 and 50. Values
for significance levels are included for each figure These
indicate the itnportance aof the difference in average e

values betweena the yes and no responses .
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a1t the conclusion of the 1981-22 study and the 1924
repect, 2 follow-up survey was made on all of the projects
coverad in that study. A questionnaire was developed for
this purpese, a copy of whieh is included in the Appendix.
This questionnaire was sent to Highway Division project
managers for completion. The information requested coveread
two major areas of interest: 1) the characteristics of the
asphalt mix and pavement at the time of placement, and 2)the
characteristics of the pavement at the time of receiving the

questionnaire (March 1684)

A totai of 20 questionnaires ware mailed out and 73
were returned The completed questionnaires covered 132
tadividusal sampies for which "C" values had been calculated,
and were from 34 different projects The number of samples

pev project varied from one to eleven, with the ma jority of

projects having only one or two samples . For projects with
muit:iple samples, the "C" values wera averaged for use in
tne analyse: e Some of the questionraires were only partial-
ly complete due to lack of information; thus in subsequent
caleculationse for ihis report less than 72 questionnaires are



DATA ANALYSIS QF THE 19a4 QUESTIONNAIRE

(1921-1983 PROJECTS)

Referring to the samp |l e questionnaire in the Appendix, the
data were analyzed in four different catagories as follows:
1Y whether or net there were problems during construction

Citem 1), 2) whether there were problems after construction

Citem 11>, 2) an overall rating (good, fair ar poor?), and 4)
a2 detailed analysis of individual items under the first two
categories (1 and F1). These recponses were subjective,

since no specific guidelines were given for completion of

the questionnaire.

FProblems During Constructian

The average "C" value and standard deviation for each

af the respoasesg under item | were determined The "yesg"
and "na" value results were then compared far significance
using the Student-t test The results of these analyses are

chown in Figure 1 with the data tabulated in the Appendix.

The significance level isg shown opposite each bar araph,
indicating the ievel at which the "yes!" and "not data
differ The higher the percentage of the significance
level, the greater the difference. Thus, pavements with
tenderness, shoving and rutting, and segregation appear to
e strongly influenced by the "C" value of the mix. Nate

that the pavements exhibiting tendernescs, shoving and



rutting have lower average "C" values, whereas pavements

exhibiting segregation have higher average "C" values,

Stripping (item E), ravelling (item F) and mix taoo hot

(item H) are not shown due to lack of a significant number

of "yes" responses. The average "C" value for all of the
respanses under item | is shown at the top of Figure 1.

The data from item | was also grouped according to the
rarnge of the "C" velues. Based on the initial work, ‘ug
values betwean 0 and 50 appeared to be in a critical
transition range For this reason, the percentage of e
values (20, <40 and (50 were investigated These grouping

are shown graphically in Figure 2 and the detailed data

tisted in the Appendix As can be seen the differences
between the "yes" and "no" responses are somewhat signifi-
cant for values less than 20 and 40. As was expected, those
projects that had a problem during construction (Questiaon-

naire items A through H) also had the higher percentage of
"C" values below the indicated limits of 30, 40 or 50. The

Chi-squared test was used for this analysis

The zvarage "C" value and standard deviation for each
o7 lhe resporzec uader item || were alzso determined The

Teez” 2 g T value results wera then compared for
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significance using the Student-t test . The results of these
analyses are shown in Figure 3 with thé data tabulated in
the Appendix. As can be seen from the figure, the only
statistically important items are stripping and cracking,

both being highly significant .

The data were also grouped according to "cn value
ranges of 30, 40 and 50 These results are shown in Figure
4. The differences at the {30 and <40 levels are hiaghly
stgnificant, whereas the differaence at the (50 level is only
slightly significant. This follows the same general trend
2s the results shown in Figure 2 for problems during corn-—

truction.

n
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Overall Rating

The questionnaire had three items where the project
manager could rate the overall project performance as to the

paving operation, mixing operation and the pavement perfor-

mance with time. Categories of "good", "fair"” and "poor"
could be checked. Since very few of the "poor" category
were checked, they were grouped with the "fair" values in
the analysis. The three performance items were then com-
pared for average "C" value, which is shown graphically in
Figure 5. Only the paving operation appear to show a

significant difference betwean the "good" and "fair + poor"

qroupings, and only weakly significant at that.

The paving operation results were then looked at in
more detail, The data were grouped in the <30, (40 and {50
categories. As can be seen in Figure 6, the difference

between the two groupings is highty significant for the (20
and {40 categories The significance peaks at the {40

leve | |

Ilmdividual Characteristics

Individual characteristics under items | and i were
then analyzed using the (20, {40 and (50 groupings and

tested for significance with the Chi-squared distribution
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Figures 7 through 11 illustrate the results for characteris-
tics during conmstruction. All of these‘items have a large
difference between the "yes" and "no" responses, peaking in
significance in all but one case at the (40 value. Again,

it should be noted that the segregation problem has results

opposite of the others

Figures 12 through 14 illustrate characteristics after
construction. Again almost all of the comparisons are
highly signficant, peaking at the (40 level. Note that the
ravelling problem has resglts opposite of the others, that
is, the "no responses have a higher percentage of tug!

values less than the indicated level
DATA ANALYSI|S OF THE 1883-19885 PROJECTS
The data were analyvzed in a manner similar to the

1821-1983 study and report (Lund and Witson, 1984) . This

was done 5o a comparison could be made between the two

studies. The average "(C" value for the 49 projects was
30, with a standard deviation .of 28.4 and a range from
-19.0 (very soft asphalt - tender mix) to 159 .6 (very hard
asphalt - stiff mix). A total of 14 percent had a value
below 30 (1923-24 failure Pimit) and 41.5 percent had =&
value below 40 {(])9&85 failure lirmi t) The 1981-23 data had a
mean of 53.6, 21 percent had 2 value below 30 and 42 percent

hzd & value below 40
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Variablesg Analvzed

The following variables, analyzed in the 1981-83 study

and 1984 report, were again analyzed for comparison.

| Contractor Operation

New data were available on ten of the original 12
contractor operations . The resul te indicated that the
average "C" value for each contractor remained essentially

the same, with the three operations with the lowest average

uE value improving slightily. The overall change was
statistically not significant. The 19881-R2%Z data is=s shown
below with the 19R83-25 data shown in parenthesis. Two
cperations still have extremely low average "C" values and
both would have 54 percent faiiing the 19285 specification of
4G .

TABLE 1 CONTRACTOR OPERATION VG AVERAGE "C" VALUE

Ops Number Mean "C" Sta Percent Failures
NMumber of Tests Value Dev (20 (40
i el (4 113 (R&) 65 (159 11 (0) (0
2 6 (16 7e (717 16 (z2» 0 (6) (6)
3 4 (59 71 (74) 39 (71) 0 (209 (40)
4 11 3 69 (529 16 (G 0 0 (0
5 < (33 4z (62 19 (19) 33 (0 (0)
5} 5 (59) 26 4 1) g 21 40 (19 t54)
7 49 (38 36 {209 47 (14) 49 (28) (54)
8 2 (ORI 107 (154) < — 0 (02 (0)
< = (1 8z 142 91 - 0 0 (0)
1 2 1 7 e (25 a - 0 Q) (100>
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7 Flant Type

Seven of the original 16 plants studied in 1983 had
@nough new information for comparison. Five were drum mix
plants and two were batch plants . The two plants with the

lowest average "C" values did improve their average, however
all of the other plants dropped in average "C" value. The
two plants having the Jlowest average "C" values also would
have approximately 50 percent of their tests failing the
1985 specification limit of 40 . The average value for all
drum mixer plants and batch plants are essentially the same,
differing from the 1981-1g982z study where drum mixer plants
had the lowest dAverage "C" value. The following table shows

the 1921-83 data with the 1983-85 dataz shown in parenthesis.

TABLE 2 ASPHALT PLANT TYPE VS. AVERAGE "C'" VALUE

Plant Number Mean "C" Sta Percent Failures
Type of Tesice Value Dev. (320 <40
Drum 82 (106 54 (50) 32 (22) 25 (10) (35)
Batch 16 (&87) 74 (50) 31 (35) 19 (18) (49)

DRUM M X PLANTS

1 19 (31) 61 (Z9) 46 (16) 26 (26) (48)
2 2 Ci2) 72 (485) 4 (14) 0 (0) (50)
3 24 {29 14 (55) 30 (109 75 {0 (0)
4 T 14 103 (2@g)y 70 (15) 14 (0 (0)
5 16 (3) 70 (52) 14 7 0 (0) (0
BATCH PLANTS
1 4 e 71 51) 8 (12 0 (0 (23)
Z 2 (&0 321 (41 6 (21 67 (18 (8532)
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Dust Collection System

In the 1981-1983 study, bag house dust collection
systems had a significantiy lower average "C" value and
higher failure rate when compared with wet scrubbers. In

the 1983-1985 study, the two systems had essentially identi-

£

cal results as shown in the table below. The 1983%-85 data

i1s shown in parenthesis.

TABLE 3. DUST COLLECTION SYSTEM VS. AVERAGE "C" VALUE

Dust NMumber Mean "C" Sta. Percent Failures
Svestem of Tests Value Dev (30 <40
Wet S 354 (110) 72 (51) 44 (28) 9 (13) 39)
Baa H. 42 (83) 30 (50 40 (31) 62 (16 (45)
a Azphalt Cement Grade and Supplier

Of the two most used asphalt cements, the AC20 grade
dropped significantly in average "C" value and increased in

the percentage of failures, whereas the AR4000W did not

change The remaining grades ard suppliers did change, but
due to the low numbers of data, the results are probably
ineonclusive . The data from the two most used grades are

shhown below.
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TABLE 4. ASPHALT CEMENT GRADE V5. AVERAGE "C" VALUE

Asphalt Number Mean "C" Sta. Percent Failures
Cement of Tests Value Dev. {30 {40
AC20 4 (54) 62 (41) 15 (14) 0 (13) 92
AR4OCOOW 66 (G61) 62 (61) 42 (22 30 10 (31)
5. Burner Fuel Type

Three burner fuels were common between the two studies;
Mo . 2 fuel oil, a commerciazal brand reclaimed fuel oil

{referred to as brand A in the 1924 report), and natural gas

and propane . As shown in the table below the results for
the No 2 fuel oil remained essentially unchanged, whereas
the other two are associated with poorer results. The
difference between the threa fuels from the 1983-25 data is
not statisticalty significant The data are summarized
below with the most recent information shown in parenthesis

TABLE 5 BURNER FUEL TYPE v5. AVERAGE "C" VALUE

Fuel Number Mean "C* Sta Percent Failures
Type of Teste Value Dev {Z0 {40
Mo g 45 (128) 48 (48) 27 (2%) 33 159 (529
Reclaim 11 (19 22 (43 a4 321 9 (26) ¢53)
MG/ P 16 (438 Q7 (56) 58 ¢35) 12 (167 (29)
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Lime Additives

In the past two seasons, dry lime has been added as a
fillter to open graded mix or the aggregate has been treated
with a lime slurry for all mixes on some projects. Lime is
used as a means to improve asphalt-aggregate adhesian,
especially where freeze-thaw is a problem, or in open graded
mixes to increase the effective viscosity of the asphalt
cement. No datz on | ime additives were available from the
19281-19883 study Even though there were differences between
treated mixes and untreated mixes, as shown in the following

table, these difference were not statistically sighificant
Additional study will be performed in the future on the

effects of various additives on the "C" value.

TARLE 6. LIME TREATMENT VS. AVERAGE vCv VALUE
Treatment Number Mean "C" Sta Percent Failures
aof Testc Value Dev {20 {40
wi | ime s52 45 15 $) 46
w/o | ime 141 52 32 17 40
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DISCUSSION AND CONCLUSIONS OF 1984‘QUEST|ONNAIQE

(1981-1983 PROJECTS)

The responses to the questionnaire, even though they

are subjective, appear te identify and confirm
relationships between the wer value and asphalt mi x
problems The strongest correlation appears to be more with

problems at the time of construction than with long term
npavement performance probliems. However, there are

sianificant long term problems that were identified.

In the analysis of the data, the Student-t test was

used to compare data where mean and standard deviation of

"C" values were available. When comparing the number of
ttems that either do or do not fall into a certain category,
25 in the case of the (20, (40 or (50 "C" values, a2 2 x 2

cantingency table tested against the Chi-squared distribu-
tion was used. 't is important té note that the statistical
tests de not indicate why there is a difference between twe
compzrisons, only that there is 2 difference and the signi f-
icance leve Generally a significance level above ©0 or 05

@& cent s considered adequate for mast engineering compari-



24

The significant problems of tenderness, shoving and
rutting and mix too cold (see Figure 1) support the conclu-
sions of the previous study (Lund and Wilson, 1984). The
results of the segregation problem are more difficult to
understand. This can best be explained in that the stiffer
(less tender) and viscous mixes are more difficult to blend.
The stripping and cracking problems identified by the after
construction data (see Figure 3) are related to the tender-
ness problem, Tenderness tends to prevent adequate compac-
tion, thus producing less dense pavements. Less dense

pavements have a greater tendency to strip and crack.

When evaluating the individual characteristics at the
(30, <40 and <50 "C" value level, the great majority have
the significant level peak at the (40 value. That is, a

greater percentage of the samples that are below 40 have
some problem in the field as compared to those samples which

have "C" values above 40

Conclusions

The use of the "C" value to predict tenderness and
retated problems in asphaltic mixes and pavements appears to
be reasonable. This field study as a follow-up to the

original 1921-83 evaluation does verify the conclusions of
that report. The 30 to 30 "C" value range still appears to

be a critical area The value of 20 was originally
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established as the minimum acceptable, however it appears
from this study that the value should be raised to 40, as

this level has a higher significance with pavement problems.

Since 1983, at least two state highway departments,
Nevada and Montana, have adopted the use of the "C" value.
Beth use the minimum acceptable value of 320. In discussion

with materials persannel at these two highway departments,
Mevada felt that the 30 value was too lenient and should be
raiced (Pradere, 1685 The Montana Highway Department has
since dropped the use of the "C" value specification due to
a problem with one contractor . They now specify the type of

burrner fuel that can be used instead (Wagner, 1985).

In early 1985, the Oregan Highway Department raised the

minimum acceptable "C" value to 40 Mix with a value less
thar 40 is to be removed, or 2t the discretion of the
Engineer it may be left in place and a2 reduction in a

Compeosite Pay Factor calculated (OSHD Specification 403.329)

This specification ic reproduced in the Appendi x
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DISCUSSION AND CONCLUSIONS OF 1922-25 PROJECTS

Discuszsion

The comparisonrn of results betwen the 1981-82 data and
the 19232-85 data indicate some significant changes . No

fonger do plant type, dust collection system and burner fuel

type appear to significantly affect the "C" value. Evident-
iy, operators have heen able to adjust for these individual
vairiables and produce mix with adequate "C" vatues. The
item thzt still appears to influence the "C" value is the
cverall operation of the asphalt mixing plant. Rather than
one individual item influencing the results, a combination

of factors tuch as burner adjustment, where the asphait

cemaent is introduced in drum mixers, the amount of air
pushed through the mixer or drier, etc., are the controlling
items .

I'm addition to the plant operation, ACZ20 asphalt cement
appears to produce low "C" valueé. Even though this grade

was used on nine different projects, the majority of samples

{20%) were associated with one contractor. Since this
contractors operation has the lecwest average "C" value of
those studied, the low values for this asphalt cement is
mocst iikely due to the plant operation rather than the

properties of the asphait cement.
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Conclusions

The "C" value still appears to be a good measure of
asphalt properties relating to tenderness of asphalt paving
mixes, especially during the initial placement time. The
critical and most influential variable affecting this value
is the operation (adjustment) of the asphalt pltant. Once the
plant is in balance, the tenderness of the mix wi bl be
reduced. Several contractors with low average "C" values
and a high failure rate were able to improve their perfor-

mance over the past two years since the original study

The "C" value test provides a fairly reliable and rapid
means of measuring asphalt properties relating to tendernecss

znd can be used as feed-back to the contractar
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APPENDIX A Al

ASPHALT AGING PROJECT ('C" VALUE - BURNER FUEL STUDY)

Project # Project name
Project manager Paving Contractor
Sample # Date taken

Characteristics of asphalt mix and pavment at time of placement

(approximately where sample was taken):
unknown

<
[
w

A. tenderness (soft consistency)

B. shoving and rutting during rolling
C. Surface flushing-

D. segregation

E. stripping

F. ravelling

G. mix too cold

OO0 O0Onopoo
OO000 OO0 os
OO0o0oOgoon

H. mix too hot

Any other mixing or placement difficulties:

How would you rate the overall paving operation: [] [] E]
How would you rate the overall mixing operation: [j t] O
Characteristics of the pavement today (enter date: )

(approximately where sample was taken):

\<
]
0
=]
o]
c
=}
=
=]
]
)
3

A. rutting and shoving
B. surface flushing

C. stripping

D. ravelling

E. segregation

F. cracking

O O0ooooao
OO Ooooan

G. roughness
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Any other pavement problems:

good fair poor
How would you' rate the overall pavment performance to date: O 0 a

Please write any other comments below:

Please return this form to: James Wilson, Materials Section, Salem.
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APPENDIX B
STATISTICAL DATA

[iem N S.D %<2 %40 %< 5

:

All Data | 7 £52.5% 30.14 19.7 38.0 .3
All Data 11 65 52.0 31.6 20.0 38.5 50.8
Placement Prob .

Yes 51 50.3 32 23.5% 43 .1 51

No 17 57 .4 22 .4 5.9 23.5 47
Perform. Pirob.

Yes iz 50.6 33.2 26.9 46 .2 57 .7

No 12 53.6 19.8 0.0 16 .7 33.3
Paving Opzs.

Good 21 60 .1 2581 1.8 14 .3 38 .

Fairr + Poor 44 50.2 30.9 27.3 47 .7 52 .3
Mixtng Ops.

Good 52 51 .1 2 17 .3 40 .4 9

Fair + Puoi 106 49 .5 3 1 31.2 37 .5 50
Pavement Ferform.

Good 7 59.0 26 ¢ 11.6 23.5 35 .3

Farir v+ Poot 10 55 .G 33 2 15.0 30.0 42 .5
Tendeiness (1A)D

Yes 31 12 .6 340 29.0 61.3 7

Mc 10 60 .1 25 2 12.5 20.0 35.¢
Shoving & Rutting (18)

Yes 28 14 .2 35.9 28 .6 53.6 60 .

NG 44 58 .3 25 .1 13.6 27 .3 40.
Surface Flushing (1C)

e s 10 38 .1 I 40 .¢ i0.0 80.0

MNu ¢1 54 .8 ARG 16 .9 c2.d 44 3
wogivgalbion (1D

e 2% 64 .58 341 IS¢ 20.0 28

Liw LEe 4L .9 204 217 47 .8 50

....'-_ '._.\,i:(; LJ.

<. 11 39 . C 275 45 4 [ 81

56 54 3 N I 3 1 44

Sl iy (1L

A R 1.0 v .5 23.05 56 .7 Fly,

. 5 =2 C(I J o i [ 3 RES n o0
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Raveiling C1HID?

Yes 24 54 .0 341 12,5 25.0 45 .8

NG 41 50.9 30.5 26 .8 48 . 8 56 .1
Segregation (lI1E;

Yes 10 54 39.¢ 25 ; 50.0

N 44 51 .1 28 .9 20 .4 8 51.0
Cracking (IIF)

Tes 14 35.0 29 .4 q 1 73.7 34.2

No 45 5707 29.7 13.3 20 .7 37.8
Ruua-;";nesu ( VG

VEo 1o 50.8 30.3 1T 3.3 58.8

Ne 48 5. L 3204 el S a1.7 50.0

IS
t

cang UIFS, Mia Too Hot (I1HY,
AJ, and CZurface Flushing C(HIB)

yes" tesponstcs to be

Ctiippinong ul !
Rutting and Thoving (1
netl o pave sufficien

g
tgniT.cant.



APPENDIX C

STATISTICAL CALCULATIONS

Student-t Value
tem "C" Value L£<¢30
Du:ing Cunstruction 1)
Any Pioblem 0.84 2.57
Tenderness 2.49 3.02
Shewing & Rutiing 1 .83 2.44
Sut fave Flushing 1.614 3.02
Seylegalion €2.5%5) (0.34)
Ctripping =
Hdavelling - =
Mis Tue Celd 1.49 4.80
Mizx Touv Hot
Hdter Tonsbruvtron (11D
Any Faob!lem 0.3¢ §.14
Fuetiing & Shoving : -
Sudidface Flushing - :
Sliapping 2. 55 4.58
Raveiiing C0.37) (1.64.
cegregaticn (0.38) 0.15%
Craching 2.73 G.47
Houghnesy 0,19 0. 2%
Cverall Hatings
Paving Upetatiun .30 1.5¢
Miving Operation ¢.19 1.45
Pavenmvntl Derfoim. U_44 0.0t
B3TE - the fullowing symbols have been u.ed:
indicales 1nsufficient data
¢ number in parenteses indicales a re

"

Vg

Cl

Chi-squared Value
C<40

2.08 0.08
1863 7T 49
5+ 05 2.79
.05 4.39
(5.32) (7.00)
6.38 5.08
J3.51 232
6.45 5.89
(3.57) Lo0.642
.12 0.00
12.24 11.53
0. 21 9.39
¢.83 .14
.04 .02
Y. 10 0.2¢

rse relation



APPENDIX D

STATISTICAL

SIGNIFICANCE

D1

Percent Significance
ltem "C" value €<30 £<40 €<h0
Duiing Construclion (1)
Any Problem NS 89.0 84.5 NS
Tenderness 98 .5 91.5 99 .9+ 99 .3
Shoving & Rutting 94.5 88.0 g97.5 90.5
Suirface Flushing 70.5 91.5 97.5 96.0
Segregation (99.0) NS (98.0) (99.2)
Slripping - = - -
Ravelling = - - -
Mix Too Cold 86.5 97.0 99.0 97 .5
Mix Too Hot - = -
After Construction (11)
Any Problem NS 95.5 94.0 87.0
Rutting & Shoving - -
Surface Flushing - = -
Stripping 99.0 96.5 39.0 99 .1
Ravellting NG (82.0) (94.0) S
Segregation NG NG NS NS
Cracking 9.5 99.0 99.9++ 99 .9+
Roughness NG NS NG NG
Overaltl Rating
Paving Operation 80.56 96.5 99.1 1.0
Mixing Operatlion NG 77.0 NS NS
Favement Perform. NS NS NS NE&
NOTE: the following symbols have been used:
- indrtcates insufficient data
a number in parenteses indicates a reverse relation
NG indicales the dlfferencelis not significant
Student-t Distribution Values
1-alpha: 99 a 99 .0 98 .0 95.0 90.¢0 80.0 70.0
Il @ 530 df: 3.291 2 575 2.327 1 960 1 645 1 282 1.03¢
Chi-squated Distributio: Yalues
T-alpha: 99 9 an & 99 0 ars a7 .4 a5 .0 a0 ._©
Chao @ 1 df: 106_&27 T.879 6,635 f a4 L0204 3 sa1 2 T0G
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APPENDIX E

403.39 Drying, Heating and Separating Aggregates into
Designated Sizes:

(a) Drying - Aggregates shall be dried to the extent that
any remaining contained moisture does not result in visible ‘
defects in the mixture such as slumping loads, boils or slicks.

Slumping loads shall not be incorporated into the pavement,
but shall be disposed of by the Contractor at his expense and in
a manner satisfactory to the Engineer.

Boils and slicks occurring in the pavement shall be immed-
iately removed and replaced with suitable materials, all at the
Contractor's expense.

The moisture content of the mix shall not exceed 0.7% at
time of discharge from the mixing plant.

(b) Burner fuel - The Contractor shall use the same burner
fuel for heating the aggregates throughout production of the
asphalt mixture unless otherwise approved by the Engineer. To
document the burner fuel actually utilized for heating the

aggregates, the Contractor shall furnish the Engineer daily
copies of invoices describing the burner fuel received for
heating purposes.

(e¢) Aging asphalt - The burner used for heating the aggre-
gates shall achieve complete combustion of the fuel and shall
heat the aggregate sufficiently to achieve acceptable aging of
the asphalt. Burner fuel combustion will be considered complete
and acceptable aging of the asphalt attained, when "C" (percent
of change in asphalt viscosity) in the following formula is equal
to or greater than 40.0.

R-A

C= g&

x 100 where;

A = Absolute viscosity (OSHD TM U417) of original
asphalt used in production of the mixture.

B = Absolute viscosity (OSHD TM 417) of rolling thin
film oven residue (AASHTO T 240) for asphalt used
in production of the mixture.

R = Absolute viscosity (OSHD TM 417) of asphalt re-
moved from the mixture (OSHD Modified AASHTO T

170).

(d) Testing for asphalt aging - Testing to determine "C"
will be made on a randomly selected sublot sample (subsection
403.16(b-2)) obtained from the first 500 tons of asphalt concrete
production, from the next 2,000 tons of production, and from each
7,500 tons of production, thereafter.

Whenever "C" is less than 45 and represents 7,500 tons of
production, two additional random sublot samples will be obtained
and tested. Each of the three random samples will represent
2,500 tons of production.
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For each failing "C" value (less than 40.0) representing
2,000 or 2,500 tons of production, a sample from each sublot
(subsection 403.16(b-2)) of that 2,000 or 2,500 tons will be
tested. Each of the random samples (failing and 3 or Y4 addi-
tional) will represent 500 tons of production or portion thereof.

(e) Nonacceptable asphalt aging - Whenever "C" is less than
40.0, the Contractor shall make appropriate plant adjustments to
comply with this requirement. Any mixture represented by such
tests which has been placed will be rejected and shall be removed
and disposed of by the Contractor at his expense and in a manner
acceptable to the Engineer. However, if acceptable to the Engi-
neer, the material may be left in place at the following reduc-
tion, in the COMPOSITE PAY FACTOR (CPF) calculated in accordance
With subsections 403.16 and 106.19.

"C" Value

Below At or Above Price Reduction
40.0 35.0 1%
35.0 30.0 3%
30.0 25.0 7%
25.0 20.0 14%
20.0 15.0 25%

For the first 2,500 tons of production, if the "C" value is
less than 40.0 but greater than or equal to 25.0, removal of the
pavement will not be required per this subsection nor will there
be a reduction made in the CPF.

(f) Heating temperatures - For screen-type plants the
temperature of_the aggregates at discharge from the drier shall
not exceed 325°F except when used for heat transfer in recycled
mixtures. For drum mix plants the temperature of the mix at
discharge from the mixer shall not exceed 325°F.

(g) Screening - Immediately after drying and heating, in
plants which have plant Screens, the aggregates shall be sepa-~
rated by screening into the designated sizes required for sepa-
rate handling and proportioning at the mixing plant and each
designated size of aggregate shall be separately handled or
stored thereat for proper proportioning in the mix. The designat-
ed sizes of aggregates required for the mix shall be those
specifically set forth for the kind of pavement and class of mix
involved as set forth in the special provisions or called for by
the plans and pertinent requirements given in subsection 403.17.
The grading of each Separated designated size of aggregate in the
bins at the mixing plant shall be maintained uniform and within a
tolerance of 20% oversize and 20% undersize.



