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INTRODUCTION

Research has shown that air voids, density and asphalt film thickness are
important factors in determining the durability of asphalt pavement. Reduction
of air voids to a minimum (3-5%) is essential to satisfactory performance. The
temperature of the mixture, air and base temperature, wind velocity and solor
radiation influences the rate of cooling of a mixture placed on a base. Pave-
ment courses of different thicknesses also materially affect the cooling rate.
Idaho Specifications require plantmix surfacing to be placed at temperatures
above 40°F., In several instances this temperature has been raised to 50°F. for
0.2' courses and 60°F. for thinner courses. One objective of this study was to
determine the realistic ambient temperatures for laydown of asphaltic concrete
mixtures.

During the fall of 1969 a field study was conducted to learn the effect of
ambient temperatures and conditions on the cooling rate for 0.2' and 0.4' plant-
mix courses during the Taydown and rolling phases of construction. Thermo
couples were placed in the top, middie and bottom of the pavement course. Temp-
eratures were recorded at frequent intervals beginning with laydown and contin-
uing until all rolling had been completed. Air and base temperatures, cloud
cover and wind conditions were recorded.

During the rolling operation the location of each passage of a roller was
made recording the distance to the pavement edge and the time since the laydown
of the mixture.

Densities of the finished pavement after final rolling were determined by
both nuclear methods and by cores taken at two foot intervals across the lane.
Air void measurements were made on each core. A correlation between the roller
coverages, temperatures during rolling and the densities and air voids obtained
from tests on the cores was made of the finished pavement.
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CONCLUSTIONS

Results from this study show that:

1. The temperature drop within the middle of the 0.2' course of plantmix
is much more rapid than in a 0.4' course. The time for the mixture
to cool 100°F. after Taydown ranged from 28 to 42 minutes for the
0.2' course and from one hour twenty minutes to two hours twenty four
minutes for the 0.4' course.

2. The temperatures at the middle of the course were consistently 5-15
degrees hotter than at the top. The temperature at the bottom of the
course cooled very quickly (less than 10 minutes) as much as 100°F. and
then leveled off at this temperature, until the whole mat had cooled
to this same temperature.

3. Breakdown and intermediate rolling was completed above the specified
temperature of 140°F. and in some instances much higher. The 0.4'
courses were rolled at temperatures well above those for the 0.2' courses
averaging at mid-point of the course 13°F. higher on breakdown, 30°F.
higher on intermediate and 26°F. higher on final roliing, at time of
completion. This would indicate that rolling of the 0.2' course could
have been accomplished at an earlier time when temperatures were higher.

4. Rolling coverage of the pavement was generally well above specifica-
tion minimums, except for the outside 2-3 feet of the lay, where only
20-50 percent of the required coverages were obtained. The final roll-
ing gave a uniform consistent pattern, whereas breakdown and inter-
mediate rolling tended to concentrate in the center of the lane.

5. The 0.4' course pavement averaged higher densities and lower air voids
than the 0.2' course. The 0.4' course air voids ranged between 2 and
5.5 percent with an average of about 4 percent, whereas the 0.2' course

- -



ranged from 5 to 8.5 percent and averaged about 7 percent.

The density of the top, middle and bottom portion of 0.4' course cores
correlates with the temperatures actually measured at these Tlevels.

The middle third of the core consistently gave 0.5 to 1.5 percent less
air voids than the top third and 1.5 to 3.0 less than the bottom third
of the core.

The 0.2' core was cut into two portions and did not show any difference
in density or voids. Temperatures were measured at top, middle and
bottom and it is believed that had the core been cut into three portions

a correlation with temperature would have resulted.



DISCUSSION

PROCEDURE

The data desired for this project was obtained using the following proced-
ures:

Thermocouples were installed in the top, middle and bottom of the plantmix
course. The thermocouples and recorders to which they were attached are shown
in Figure 1. The temperatures were recorded at T, for the top thermocouple, Ty
for the middle thermocouple and T, the bottom thermocouple. These temperatures
were recorded at intervals from the time of laydown until final rolling was com-
pleted.

Air temperatures and weather conditions were recorded at the beginning and
end of the laydown and rolling operation. Changes in wind and cloud cover condi-
tions were observed and recorded throughout each test. Mixture temperature in
the paver and base temperature was recorded before laydown.

The beginning and ending time of each roller phase were recorded. The dis-
tance from the edge of pavement to the roller was measured to the nearest half
foot for each roller pass so that the total amount and location of rolling effort
could be plotted. Weight, type and tire pressure were recorded for each roller.

After completion of final rolling, nuclear density tests were made at 2 foot
intervals across the pavement at each test section. Later, 4 inch diameter cores
were taken at the same location as the nuclear density tests. These 0.4' cores
were also tested for density and air voids in three sections corresponding to
the top, middle and bottom thermocouples. The 0.2' cores, because of their thinner
overall dimension, were tested in two sections for density and air voids by cutting

them in half at mid-height.
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Figure 1 - -Typical Installation of Thermocouples for Recording
Pavement Temperature During Construction
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PLANTMIX TEMPERATURE COOLING RATE

The temperature cooling rate measured by each thermocouple is shown in
Appendix A. These figures show other information such as air and base tempera-
tures, weather observations and beginning and ending of each rolling operation.

These figures show that there was a rapid loss of heat throughout the full
depth of lay for a short time after laydown. The temperature change thereafter
was more gradual. The temperature change at the bottom of the course was much
more rapid than at the top.

These charts show that the 0.2' course cools more rapidly than the 0.4'
course. Figures 2 and 3 show this relationship. Figure 2 shows that it took
the thick mat about 105 minutes to cool to 200°F. but the thin 1ift cooled
to this temperature in about 33 minutes. Figure 3 shows this same type of re-
lationship but uses data obtained while paving during cooler weather. It is ob-
vious that the thicker Tift allows a greater time interval to complete the rolling.

Figures 4 and 5 have been prepared to illustrate this temperature loss at
mid-point in the pavement course, eliminating the laydown temperature as a factor
by plotting the temperature drop against time. These figures show that the
range in time for the temperature to cool 100°F. ranges from 28 to 42 minutes for
the 0.2' course and from 80 to 144 minutes for the 0.4' course.

These data suggest that to complete rolling above a specified temperature
the 0.4' course would allow about twice the time as a 0.2' course, all other
factors being equal. It also means that if rolling is done at the same time
interval after laydown the 0.4' course is rolled at a much higher temperature
than the 0.2' course.

The similarity in the shape of the temperature curves within Figures 4 and
5 indicates that higher laydown temperature can also extend rolling time if a

specified temperature for completion of rolling is used. It is apparent that

Oy, L
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should laydown temperature be increased the effect is to raise the entire curve
and thereby extend the time needed.

ROLLING PATTERN

The temperature-time figures also show the beginning and ending time for
each type of rolling. A study of Appendix A figures illustrates that the com-
pletion of breakdown and intermediate rolling were accomplished above specifica-
tion temperature minimums and in some instances as much as 50-60°F. above this
minimum.

Even though this is the general pattern and the 0.2' course was rolled much
earlier than the 0.4' course, the temperatures on completion of each type of
rolling were higher for the 0.4' course than for the 0.2' course. Table 1 shows
this relationship.

TABLE 1
TEMPERATURE AT COMPLETION OF ROLLING

0.4' Course 0.2' Course
Range Ave. Range Ave,
Breakdown 200 - 255°F. 2R1"F. V70~ Z5E°E. 208°F.
Intermediate 160 - 220°F. 195°T. 133 = 185 F, 165°F.
Finish 133 - 153°F, 144°F. 100 - 138°F. 118%F.

The time and distance from the pavement edge for each passage of a roller
at the test section were recorded. Appendix A shows the rolling pattern across
the roadway diagrammatically for each roller and also the accumulated roller
passes for each 1/2 ft. increment of pavement width.

It is apparent that the largest number of passes occurred well within the
lane and that the outer two feet were deficient in total coverages when compared

to the remainder of the lane.

1 =



A careful study of these figures indicates that the breakdown and inter-
mediate rolling patterns were not uniform across the lane whereas the finish
rolling pattern appears more consistently uniform. It was observed that where
the largest number of breakdown and intermediate passes occurred finish rolling

could be accomplished at higher temperatures without "checking or hair line
cracking".

DENSITY AND AIR VOIDS

Density and air void data for each test are given in Appendix B. These re-
sults are also shown graphically on the accumulated roller pattern chart of
Appendix A. It is apparent that the highest densities and least air voids were
obtained with the 0.4' course. Figure 6 gives the range of values and average
for each location across the lane, Generally the 0.4' course has from 2.0 to 5.5
percent air voids with an average of about 4.0 percent. The 0.2' course has from
5 to 8.5 percent with an average of about 7 percent.

The 0.4' cores were cut into three sections corresponding to the top, middle
and bottom thermocoupies. Data given in Appendix B show a positive relationship
between the density-air voids and temperature shown to exist during rolling, as
illustrated in Appendix A. The temperature at the center of the lay is highest
and densities are correspondingly high and air voids low. The bottom of the
course consistently has the coldest temperatures and the lowest density and high-
est air voids. The top of the course lies in between as would be expected.

The 0.2' cores were considered too thin to be cut into three sections and
were cut in half. No definite correlation was obtained. It is believed a simi-
lar relationship to the 0.4' course exists, although perhaps not so pronounced.

A relationship between density-air voids and temperatures at the time of
rolling is indicated in Tables 2 and 3. These tables show that when the tempera-

ture at the middle of the course is lower before rolling is started the density

- 13 -
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is also reduced and air voids increased.

It is evident that rolling should be accomplished while the mixture is hot
to reduce the voids to a minimum. The roller pattern should be uniform and the
number of coverages adequate to obtain the desired density and air void range.
Insufficient coverages or rolling at too Tow a temperature can cause the pave-
ment to have lower densities and greater air voids than desirable.

NUCLEAR DENSITY MEASUREMENTS

Nuclear density data is given in Appendix C. The densities obtained from
cores are plotted against the nuclear values. The nuclear values give the same
trend to the density as the core value.

Nuclear values are only relative since it would have required calibration
of the nuclear gage to determine actual densities. Relative dnesity measure-
ments can be used to control compaction. The Virginia Department of Highways
requires a test rolling pattern to determine when no further densification is
being obtained. This pattern is used to provide a standard density. Al1 other
sections of pavement on the roadway are required to be compacted to a minimum of

98 percent of this standard, using the nuclear density tests.

.
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APPENDIX A

Temperature-Time, Rolling Pattern
and
Density-Air Voids Charts
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ROLLER PASSES

ROLLING PATTERN ACRNSS ROADHAY
TEST NG. 1
0.4" ATB
95 ﬁ:i?
I"Im %
90 R s S e ses.
71
ZZZNT7777
7R 7777 A
85 - e rvrvn o
80 —
Final Rolling
75 4
70_]
65 4
60 _|
7777753
7777 BN 777
¥ I ST
55 4 C 38 ]
— y 44 1
T X3 ]
C ¥ . T i ]
50+ — — vz ]
IntermediateAPo. 2 - = | i3 -
45 4 | ¥4 .
T L
! L‘3 LES 1 ]
409 - =% %
— =1 L—
T 57 |
35 1 |‘ 3% ]
r I3 |
[ ¥ ) —T
In 3L T
304 T ¥ i T
= S Y ]
1 Ry & o |
257
T i 2 B
20— ,“Int? mediate No -
Breakdown
5 -

0* 2 4 6 8 10 12 14 16 18 20 22 24 26
PAVEMENT WIDTH, FT

*Edge of lay, WBL, PL

A-15



ROLLER PASSES

65 -

45

ROLLING PATTERN ACROSS ROADWAY
TEZT NO. 2

0.4' ATB

80—

757

70

.

4

60 —

55 1
P2 777547 7777 ]
(72278377777 =

50—

(7777 777772
22 657

—

Intermediate No. 2

i

40—

354 0/ —

e
i3

301

25 A

20 A

15—

10

Ireakdown

I I [ I I I I
0 2 4 6 8 10 12

| | | | L

14 16 18 20 22 24 26

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL



ROLLER PASSES

75

70

65

60

55

50

45

40

30

25

20

15

5

0

ROLLING PATTERM ACROSS ROADHAY
TEST NG. 3
0.4' ATB

.
-
TP
¥ V775 RZ77. 72
V77377772777
- V7775 e 7 /777]
] r L] 7
l'i 19 ]
I E747 N i =
" T ik —1
45 ll
I —_ 44 L_I
Intermediate No. 2 0 C = LS N T‘J
N  — 35 T
— 33 |
C p 3] | I
T 3T — 1
- | kY ]
1 W 1
X N 1
e 1
- [ ¥h [
N
I. ~
1 —
IR L "-[
J
10 ~ A S R T L
e _I‘-EII;‘_

i B ey
| | | | R | ] | 1 1

0*x 2 4 6 8 10 12 14 16 18 20 22 24 26
PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL
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ROLLER PASSES

55

ROLLING PATTERN ACROSS ROADHAY
TEST NO. 4
BOTTOM COURSE 0.20' PLANTMIX

50 4
45
40 — 7 T AT T L
35 o
30 C =y o :
I 25 T
[ 19 T
C 1 lj?.“r ) |
25 4 T Py 1
L Z% 1
: T T =1
— L ;
20 s - —7s 1
1 ITV - 1
J [ et - Intermediate No. 1
15 rf - T% ]_]7
L 1 =
10— EF Illa IJ
5 -4
e PR reakdonm
= =
I [ | | | ] I | i
o* 2 4 6 8 10 12 14 16 18 20 22 4

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL
%** One Pass with Intermediate No. 2 Roller

A-18
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ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 5

0.4' ATB

60 —
55 1
50 —
45
40 _
S S 7 i =
359 - T 5;, ]
L K 3 ]
[ -3 1
Iy - f 4 1
30 — - 7] ]
1 I35 1
Intermediate Rclling — S < T
[ 27 |
25 4 I — I? z T
4= 24 i |
<3 |
L 22 1
20 - T 2 o |
e ——
I 7
15 49 |y T
lO_ Breakdown Rolling
5 4 N e .
04 I | I | | L | | |

o* 2 4 6 8 10 12 14 16 18 20 22 24 26
PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL



ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 6

0.4" ATB

65

60 —

45 7

40 —

2778 77 2/
FIPON-FTIIV4 i

35
C 3% —
30 S — 250 A
B e | < m—
i Zh T
25. gy ‘
1 P 1 —] Intermediate
[ — 23 e — Rolling
20 e e
15 A el —
Breakdown Rolling
10
5 -
0
i 1 ] 1 T T T T |

o* 2 4 6 8 10 12 14 16 18 20 22 24 26
PAVEMENT WIDTH, FT.

* Edge of lay, W3L, PL

A-20



ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 7
0.4' ATB

30__ r 5 l‘ r- N i
C ) T , .

 siemme 3 S— 1 ) Intermediate Rolling

25 | T X3 1
T IF
T —Z3 ]
— v !
20 [ T |
A v T— | 5 ) 1
T . 1A c 1 |

P R —
10 —

Breakdown Rolling

ox 2 4 6 - 8 10 12 14 16 18 20 22 24 26
PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL

A-21



ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 8
TOP COURSE 0.20' PLANTMIX

ox 2 4 6 8 10 12 14 16
PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL
** One¢ Paver Width

A-22



ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 9
TOP COURSE 0.20' PLANTMIX

y [ i::;%II:I}
Intermediate S — b = T
10+ Rolling o - .| [
LLxg |1 !
| 7 ] |

0 w Breakdown |
1 ] I l T

0* 2 4 6 8 10 12 14 16

PAVEMENT WIDTH, FT.

* Fdge of lay, WBL, PL
*% One Paver Width

A-23



ROLLER PASSES

40 —

35

30 —

25

-

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 10

TOP COURSE 0.20" PLANTMIX

v Intermediate No.

Intermediate No.

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL

*% One Paver Width

A-24




ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY

TEST NO. 11

TOP COURSE 0.20" PLANTMIX

%%
45 j t
i
40 i
]
Crzmsw7771
VT 777 RPN
35 o
30 —
[ LY
r z[lﬂ .
[ 4 d ] Intermediate No
25 - L Z4
I 1 T
{ FLI ]
[ 3 1
32,
ZT ]
20 CARMSALY - DAREIN
- - b TR~ Intermediate No

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL
*% One Paver Width

A-25




ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 12

TOP COURSE 0.20' PLANTMIX

40 e
N PO CITIPT
'I”A'l"'”"?

Breakdown Rolling

I 1 | ! 1
0% 2 4 6 8 10 12 14 16

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL
** One Paver Width

A-26

No. 2
Intermediate
No. 1



ROLLER PASSES

ROLLING PATTERN ACROSS ROADWAY
TEST NO. 13
TOP COURSE 0.20' PLANTMIX

TIIT DT,

A
I TS
[/ 773

= Intermediate

No. 2
Intermediate
No. 1

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL
**% One Paver Width

A-27




ROLLER PASSES

ROLLING PATTERM ACROSS ROADWAY
TEST NO. 14
0.20' PLANTMIX ON DETOUR

— Intermediate No. 2
& M

{ g2 ]
[ 27 ]

Intermediate No. 1

Breakdown Rolling
= ]

O T T T
O%* 2 4 6 8 10 12 14 16 18 20 22

PAVEMENT WIDTH, FT.

* Edge of lay, WBL, PL

A-28



ROLLING PATTERN VS. FINAL DENSITY AND AIR VOIDS

1

TEST NO.

% “SAION dIv

[¥e]
[§V)

2.0

0.4' ATB

A INNNNNNNN

ORI S S NSNS

ARSI A SANSNOUANNN |

AASINOERNNNNN]

BSOSO GY

DISSNNASNNASNSA NN

S BRSSO AN

B S OGN

NIRRT LR

AN NS EA NSRS ANIANN

BASNSSSNANNNY

ONNNNNNN

SOSSSSASASNNNAN

40d “ALISNIQ 340D

! I f 1 | | P 1 I

28
26
24
22

S3SSYd 437108 Q3LVINWNIJY

o [ee] O <t [QV] o (e o] O
[Q\] — — — — —

26

22 24

12 14 16 18 20

10

PAVEMENT WIDTH, FT.

26,900 #
2, 1ll1-Wheel Pneum., 32,300#, 70psi, 7.50x15

%
O

~ Finish Roller, 3-Axle Steel,

No.

- Inter.
- Inter.

Roller

No. 1

Roller

&

+ /-Wheel Pneum., 21,000#, 50psi, 11.00x20

W - Breakdown Roller, 2-Axle Steel, 19,300 # -

A-29



% *SQI0A ¥IV

NN

Djwu mﬂﬂ//bﬂﬁﬂ//WJ

BRSSO ONANNY

_ -
NNNNNNNNNNNE Eve

4.4

)
D

3.6

-

22

4.3

TBEINNNNAN

3,5 3.5

18 20

16

CURRRNANN -

SN

\NANNRANRNNNY AT TR

| NAAANRANRRNNY RN

(NAANRNNANRN BEE

” T T =l

14

o O

2

TEST NO
0.4" A7
_ 3.8

\/
5.3

y

/

|

RN VS, FINAL DENSITY AND AIR WOI

A-30

12
2, 1l-Wheel Pneum., 32,300#, 70psi, 7.50x15

. 1, 7-Wheel Pneum., 21,000#, 50psi, 11.00x20

10

No.

PAVEMENT WIDTH, FT.

Roller No

Roller
. - Breakdown Roller, 2-Axle Steel, 19,300 #

7 Finish Roller, 3-Axle Steel, 26,900 #

D - Iﬁﬁér.
- Inter,.

| NANSUANNN i : PRSI
] — (INANNNNRRRRNY S < e
W.. oy = s f - L s "= "a
<T
o
3 <
= <
— ROSARARAND o
=] < NURRRANRNY APFHN
= < RNy —
)G
A B el A o =l T o T
N o oG o] < od o [o0] e} < N (ew] oo} O < (]
<t <t o o od o o~ — — — ek -

400 “ALISN3IQ 3¥CD S3ISSvd Y3108 Q3LYTINWNITY



CORE DENSITY, pcf

ACCUMULATED ROLLER PASSES

143 -

141

139 4

24 —

£2

20

18

16 —

14

TE=

ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS
Test No. 3
0.4' ATB

3.6 =
J 3.8 D
4.4 4.2 =
oO—
5.6 5.5
107
%%%%99%% y
49453%7 7P
79 g ]
7 WY
e 24,' 2595 ohiesiyN
# i Y
0| g? SN
%w V] /5/?
99997 | %% 5954
997247, 7 0
gt a9 |
5 4
“ ﬁ |
/1

2 4 6 8 10 12 14 16 18 20 22 24 26
| PAVEMENT WIDTH, FT.
= Finish Roller, 3-Axle Steel, 26,900 f#
O - Inter. ‘Roller No. 2,. li—Whéel Pneum., 32,300#, 70psi, 7.50x15

- Inter. Roller No. 1, 7-Wheel Pneum., 21,000#, 50psi, 11.00x20
I - Breakdown Roller, 2-Axle Steel, 19,300 # . '

A-31



ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS

TEST NO. 4
BOTTOM COURSE, 0.20' PLANTMIX

G

%-“SAIOA dIV

o
~

7.6

7.6

SN\

RN

ANNARRNNY

Doy

AN

NN

BN

Bl NN

(NANNNNNNY

EANRRNNRRNY

NN

BSSSIANN]

SO

AN

DO

BAAASASEM

NN\

MR

RN 5

SSNESSNE

AN EEE =

SO SNE G
SRR B

RANANNNNN 5

26

12 14 16 18 20 22

10

PAVEMENT WIDTH, FT.

= Finish Roller, 3-Axle Steel, 26,900 #

1, 11-Wheel Pneunm., 32,500#, 55psi, 7i50x15,

Di- Inter.

Roller No.

[l - Breakdown Roller, 2-Axle Steel, 19,300 #

A-32
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135~
1334 8.2
20—
184

S R
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ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS

TEST NO. 5

0.4' ATB

3.7 3.5

% SAIOAN dIV

~
©
M

147
139
137

$2d “ALISNIA HOD

135 -

o
N

BN NNNNY
NNSSNNNNSN
OSSN
NN

BRSNS
By

NN

DAY

16

14

12

AN
RSSO
?”’u’. =

—_—

BASNNNNN

DSOS NN\N
oS00

B
'NANARRNRNY
INNNNANN —
AANNNNY E—
TRARON,
Y
AN\

10

20—

| I I | |
2 O 8 6 4 2

et

14—

| |
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26,90n#

3-Axle Steel,

- Finish Roller,

-

[];-_Iﬁiér. Roller, 11-Wheel Pneum., 32,300#, 55psf, 7.50x15

50psi, 11.00x20

[ | '—B Roller,

7-Wheel Pneum., 21,000%#,
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ROLLING PATTERN VS, FINAL DENSITY AND AIR WOIDS
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PAVEMENT WIDTH, FT.

- Finish Roller, 3-Axle Steel, 26,900#

Roller, l1l-Wheel Pneum., 32,300#, 55psi,“ 7;50}(15

D ‘- .—v.Ir-lt.er..

B - 8. Roller, 7-Wheel Pneum., 21,000#, 50psi, 11.00x20
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ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS
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PAVEMENT WIDTH, FT.

[} - Finish Roller, 3-Axle Steel, 26,9004

Roller, l1-Wheel Pneum., 32,300#, 55psi, 7.50 x 15

[0 - Inter.

Roller, 7-Wheel Pneum., 21,000#, 50psi, 11.00 x 20

B.
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CORE DENSITY, pcf

ACCUMULATED ROLLER PASSES

\\|

B e O

ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS
TEST NO. 8

TOP COURSE, 0.20' PLANTMIX

16 =

14

184

10 —

Finish Rol

Inter. Roller No. 2, 7-Wheel Pneum., 21,000#, 50psi, 11.00x20

Inter. Roller No. 1, 11-Wheel Pneum., 32,300#, 60psi, 7.50x15

Breakdown Roller, 2-Axle Steel, 19,300#

4 6 8 10
PAVEMENT WIDTH, FT.
ler, 3-Axle Steel, 26,900#

12
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ROLLING PATTERN VS.. FINAL DENSITY AND AIR VOIDS
TEST NO. 9

TOP COURSE, 0.20' PLANTMIX
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PAVEMENT WIDTH, FT.

Pl - Finish Roller, 3-Axle Steel, 26,900#
[ - Inter. Roller, 7-Wheel Pneum., 21.000#_ S0nzi. 11.00x70

B-:. Roller, 2-Axle Steel, 19,3004
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CORE DENSITY, pcf

ACCUMULATED ROLLER PASSES

i\

m = O

ROLLING PATTERN VS. FINAL DENSITY AND AIR VOIDS
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10 4

Finish Roller, 3-Axle Steel, 26,900#

Inter. Roller No. 2, 1l1-Wheel Pneum., 32,300#, 60psi, 7.50x15

Inter. Roller No. 1, 2-Axle Steel, 19,300#
B. Roller, 7-Wheel Pneum., 21,000#, 50psi, 11.00 x 20
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TOP COURSE 0.20"' PLANTMIX
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TEST NO. 10
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CORE DENSITY, pcf

ACCUMULATED ROLLER PASSES

E O

ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS
TEST NO. 11

TOP COURSE 0.20' PLANTMIX
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PAVEM"NT WIDTH, FT.

- Finish Roller, 3-Axle Steel, 26,900#

- Inter. Roller No. 2, 11-Wh .el Pneum., 32,300#, 60psi, 7.50x15
- Inter. Roller No. 1, 2-Axle Steel, 19,300#

- B. Roller, 7-Wheel Pameum., 21,000#, 50psi, 11.00 x 20
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ROLLING PATTERN VS, FINAL DENSITY AND AIR VOIDS
TEST NO. 12

TOP COURSE 0.20' PLANTMIX

CORE DENSITY, pcf
AIR VOIDS, %
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0 2 4 6 8 10 12 14 16
PAVEMENT WIDTH, FT.
- Finish Roller, 3-Axle Steel, 26,900#

O - Inter. Roller No. 2, 1l-Wheel Pneum., 32,300#, 60psi, 7.50x15
[ - Inter. Roller No. 1, 2-Axle Steel, 19,300#

B - 8. Roller, 7-Wheel Pneum., 21,000#, 50psi, 11.00 x 20
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CORE DENSITY, pcf

ACCUMULATED ROLLER PASSES -
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ROLLING PATTERN VS. FINAL DENSITY AND AIR VOIDS
TEST NO. 13

TOP COURSE 0.20' PLANTMIX
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PAVEMENT WIDTH, FT.
Finish Roller, 3-Axle Steel, 26,900#
Inter. Roller No. 2, l1-Wheel Pneum., 32,300#, 60psi, 7.50x15

Inter. Roller No. 1, 2-Axle Steel, 19,300#

B. Roller, 7-Wheel Pneum., 21,000#, 50psi, 11.00 x 20

A-41



CORE DENSITY, pcf

ACCUMULATED ROLLER PASSES

ROLLING PATTERN VS, FINAL DENSITY A'D AIR VOIDS
TEST NO. 14
0.20" PLANTMIX ON DETOUR
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PAVEMENT WIDTH, FT.
- Finish Roller, 3-Axle Steel, 26,900#
[] - Inter. Roller No. 2, ll-Wheel Pneum., 32,300#, 60psi, 7.50x15
~ Inter. Roller No. 1, 2-Axle Steel, 19,300#
B - B. Roller, 7-Wheel Pneum., 21,000#, 50psi, 11.00 x 20
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Density-Air Voids Tables
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APPENDIX C

Nuclear Density and Core Density
VS.
Distance from Pavement Edge
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