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Table 1 Gradation of Mixtures

Weight percent passing [%]

Location B
Binder course

Location A
Surface course Binder course

Sieve opening

[mm] Fine-and-gap Coarse graded
graded asphalt asphalt concrete

concrete Type A Type B

26.5 100.0
19.0 100.0 100.0 98.8
13.2 87.3 78.0 81.7
4.75 61.1 43.1 47.1
2.36 49.8 27.7 32.2

0.6 42.8 15.9 15.9

0.3 34.4 12.4 10.2
0.15 11.4 5.9 6.4
0.075 8.9 3.9 49

Asphalt content
[%] 5.6 5.0 5.3
Table 2 Characteristics of 3 Roller Types
Item Oscillatory Hot tandem  Macadam
Total weight [t] 6.4 7 12.4
Dlr?cuor.l of Horizontal Vertical None
vibration

Spray of water Yes None Yes
Heating of wheel None 60 None

surface [°C]
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Surface Course 5cm
Binder Course (Second Layer) z Scn 6cm
Binder Course (First Layer) 136'" 6cm
Asphalt Treated Base Course QA.Scm 9

(Second Layer) e
Asphalt Treated Base Course 9cm

(First Layer)

Subbase Course 50cm

Subgrade ® ; Thermocouple

Fig. 1 Pavement Structure

Table 3 Test Conditions for 2 Locations

Items Location A Location B
Layers Binder course Surface course Binder course
First  Second First Second
Constructed season Cold Ordinary Ordinary
Atmosphere temp. [°C] 0-5 1-3 17-20 17-27 13-18
Oscillatory Oscillatory
Type of first roller Hot tandem Hot tandem
Macadam Macadam
Treatment
None None None
Lower layers Heating (macadam)
Cold cutting (macadam : 2 section)
AiMFESEE  Sekiyu Gakkaishi, Vol. 38, No. 3, 1995



1, SHEERE 2 RIVEREHRERT CRHAILY, EB 2 o viom
BT A7 7V RELEREO 2 BH TIEEBOPRBICE
BLUBEN (Fig. 1) *HVWTEBLA,
FOVRBSHRERHE, BT HEICIZRELAEORSH
1.5m LR 2S5 BTIRBORRAMIT S A 5 2EE L7, BE
EHAEBIER 15X1.0m TH b, RKEBEOPEIZ 71 =
U —BEYLER, LY AV O -F—DEFET I T EE
L, BBILICAEBRENO SRR GEREEEL, &
BOBLETHRENEN 2K, §t4 KT o037 2L 72,
3.2.2. PRAIT77IMNREVORITEROAESE

R L7ca7oBbERLKPEREL OBE LR, BHRT
ErHWTERIFERLEL L, €612, a7 +R—EsT
2~3BIZASA4 AL, LEBLOTE, /3 EE, PR
BILUTHOMA DT EFEL ZRZRFEL 2,

175

4. BIEHER

1. 1. AREBP PRI 7V NEAHDOEREEAZEE
4.1. 1. ARBIrEEEEIEEICSIXE

FEAWB L L BEPR LIBT3 B OMEREREDRIE
KRE% TN ZEN Tables 4, 5 B LU Figs. 2,3 IRT, 22T
OMBERMRE L 3 4 K03 7HRINEFRICBT 5 EHETH
5

MFEHD Time &1, 74 =2y v — 12X 2B EYLEZKD
SORBEEBTH Y, FITIT105% 30 T TIIBREHLER
POLOREEY, T30 5 TRE—HBIEEcCOMEE S >~
Fou—7—tOHHIRENESHIL L, RbDT v ¥—-35
A VERIZEEA SRR A4 v b THhH B,

EEETo RONTIRIIESH T 0~5C, BEHT 13~

Table 4 Surface Temperature of Binder Course Constructed in Cold Season (Location A)

Oscillatory Hot tandem Macadam
Time
First layer Second layer First layer Second layer First layer Second layer
[min] temp. temp. temp. temp. temp. temp.
' 'c e ' c e
0 147.8 147.0 144.0 145.0 130.0 142.0
2 140.87 133.5 135.5 130.5 123.5 133.7
4 134.0 131.6 131.0 123.0 109.5 124.5
6 131.0 129.0 126.3 121.0 106.8 121.0
8 127.3 125.3 124.3 115.0 108.3 107.0
10 115.0(—32.8)» 121.2(—25.8) 122.3(—21.7) 109.5(—35.5) 106.3(—23.7) 90.0(—52.0)
30 97.0(—50.8) [—7.8]  85.6(—61.4)[+3.6] 101.0(—43.0)[0] 80.0(—65.0)[0] 84.3(—45.7)[—2.7] 69.0(—73.0) [—8.0]
Atmosphere 0-3 1-3 3-5 3-2 5-2.5 2-1
temp. [°C]
Maximum velocity 1 1 | 4 1

of wind [m/s]

a) Underlines indicate the starting points of rolling.

b)Numbers in parentheses are temperatures which are different from the initial temperature.
c) Numbers in brackets are temperatures which are different from the cooling temperature using Hot-Tandem-Roller for 30

min.
Table 5 Surface Temperature of Binder Course Constructed in Ordinary Season (Location B)
Oscillatory Hot tandem Macadam
Time
First layer Second layer First layer Second layer  First layer Second layer
[min] temp. temp. tem temp. temp. temp.
[cc [c c c [°’C [c
0 160.3 149.8 164.2 164.2 141.3 159.2
2 154.7 131.1 154.4 144.6 130.0 146.3
4 135.2% 124.0 149.6 137.8 121.3 137.2
6 135.2 124.9 145.6 131.4 119.2 125.5
8 133.4 124.0 144.1 126.5 109.9 131.6
10 131.6(—28.7)" 120.6(—29.3) 142.7(—21.5) 119.8(—44.4) 112.1(—29.2) 129.6(—29.6)
30 107.0(—53.3) [—14.8]9  94.2(—55.6) [—17.1] 125.7(—38.5)[0] 103.5(=60.7)  90.0(—51.3) [—12.8] 98.2(—61.0) [—22.5]
Atmosphere 25-27 18-16 27-25 16-18 17-18 13-15
temp. [°C]
Maximum velocity 7 4 6 7 9

of wind [m/s]

a) Underlines indicate the starting points of rolling.

b)Numbers in parentheses are temperatures which are different from the initial temperature.
¢) Numbers in brackets are temperatures which are different from the cooling temperature using Hot-Tandem-Roller for 30

min.
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Fig. 2 Surface Temperature of Binder Course Constructed
in Cold Season (Location A)
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Fig. 3 Surface Temperature of Binder Course Constructed
in Ordinary Season (Location B)
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Table 6 Inner Temperature of First Binder Course Constructed in Cold Season (Location A)
Oscillatory Hot tandem Macadam
Time Lower layer(—4.5 cm) Middle of binder course  Lower layer(*4.5 cm) Middle of binder course ~ Lower layer(—fh‘) cm) Middle of binder course
Temp. Difference Temp. Difference Temp. Difference Temp. Difference Temp. Difference Temp. Difference
[min] from initial from initial from initial from initial from initial from initial
[°cl temp. [°C] [°c] temp. el [cl temp. [°C] [°c] temp. [°C] [°’c] temp. [°C] [°c] temp. [°C]
0 —0.5 0.0 187.0 0.0 2.3 0.0 159.8 0.0 6.7 0.0 155.0 0.0
30 21.0 21.5 125.6 —61.4 19.8 17.5 90.2 —69.6 24.8 18.1 101.9 —53.1
60 27.6 28.1 89.0 —98.0 31.7 29.4 64.1 —95.7 33.4 26.7 72.7 —82.3
Table 7 Inner Temperature of First Binder Course Constructed in Cold Season (Location B)
Oscillatory Hot tandem Macadam
Time Lower layer(—4.5cm)  Middle of binder course  Lower layer(—4.5cm)  Middle of binder course  Lower layer(—4.5cm)  Middle of binder course
Temp. Difference Temp. Difference Temp. Difference Temp. Difference Temp. Difference Temp. Difference
[min] from initial from initial from initial from initial from initial from initial
[*c) temp. [°C] [°c) temp. [°C] [’c] temp. [°C] [°c] temp. [°C] [°c) temp. [°C] [c) temp. [°C]
0 48.1 0.0 166.5 0.0 40.8 0.0 147.5 0.0 33.1 0.0 150.6 0.0
30 68.4 20.3 121.6 —44.9 Impossible  None 116.7 —30.9 54.2 21.1 94.6 —56.1
60 72.2 24.1 96.3 —70.2 Impossible  None 101.5 —46.0 58.9 25.8 73.3 —77.3
18.0 - . T 22.0
5 16.0 | 20.0 -
= 14.0 _18.0
£12.0 £16.0
s 10.0 , 14.0
g §12.0
< 8.0 =
- ! g 10.0
f 6.0 & 8.0
5 4.0° 3 6.0
2 2.0 g w - e - 5 4.0
L $ 2.0
0 5 10 15 20 25 30 € 0.0
Time (min.) -2.0
-4.0
[ Oscillatory |

| —— |
---®--- Hot Tandem i
i

- HacadaanVQ

Fig. 4 Range of Surface Temperature of First Binder
Course Constructed in Cold Season (Location A)
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Fig. 6 Relation between Temp. of Layer Center and Sur-
face Temp. Constructed in Cold Season (Location

A)
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Fig. 7 Relation between Temp. of Layer Center and Sur-

face Temp. Constructed
(Location B)

in  Ordinary Season

Table 8 Relation between Temp. of Layer Center (») and Surface Temp. (x) in First Binder Course (thickness : 6 cm)

Revision of fixed numbers

Numbers of

Season Type of roller Coeflicient of . . Coefficient of . . sample
- Linear regression ) Linear regression P
correlation correlation
Cold Oscillatory 0.98 y=137x—23 0.98 y=1.33x+(1.57) 13
Hot tandem 0.98 »=1.55x—55.4 0.98 »=1.03x + (4.0) 14
Macadam 0.96 »=137x—6.0 0.96 y=127x+(3.8) 14
Ordinary Oscillatory 0.93 »=0.96x +19.4 0.93 »=0.91x + (26.0) 10
Hot tandem 0.99 7=0.71x+31.4 0.99 =0.75x + (26.0) 16
Macadam 0.98 y=1.13x—2.8 0.98 7=0.93x + (18.0) 14
a) Atmosphere temp.
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Table 9 Inner Temperature of Second Binder Course with Heating and Cold Cutting of First Binder Course Constructed
Using Macadam-roller in Ordinary Season (Location B)
Normal 2 Heating Cutting 1 Cutting 2
Time
Lower layer Middle of Lower layer Middle of Middle of Middle of
[min] (=3 cm) temp.  mixture temp. (=3 cm) temp.  mixture temp. mixture temp. mixture temp.
[°C] [°c] [°cl [°c °C el
0 15.0 161.0 52.4 173.0 165.9 165.5
30 45.5 102.5 79.8 114.4 125.0 112.8
60 49.5 74.1 76.9 83.9 88.6 89.4
Atmosphere 13-15 15-16 16-15 16-15
temp. [°C]
Maximum velocity 9 5 3 3

of the wind [m/s]

Normal 2 : Macadam-roller at second binder course (ordinary season).
Heating : Macadam-roller at second binder course with heating of surface in the lower layer (ordinary season).
Cutting 1 : Macadam-roller at second binder course with cold cutting of surface in the lower layer (ordinary season).

Cutting 2 : Ditto.
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Void Ratio (%)

Normal 1
Normal 2
Cutting 1
Cutting 2

Normal 1 : Macadam-roller at first binder course (ordinary
season) .

Normal 2 : Macadam-roller at
(ordinary season).

Heating : Macadam-roller at second binder course with

second binder course

heating of surface in the lower layer (ordinary
season) .
Cutting 1 : Macadam-roller at second binder course with
cold cutting of surface in the lower layer
(ordinary season).
Cutting 2 : Ditto.

Fig. 11 Effect of Temperature and Roughness of Surface

of Lower Layer on Void Ratio in Binder Course
Using Macadam-roller
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Normal 1
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Normal 1 : Macadam-roller at first binder course (ordinary
season) .
Normal 2 : Macadam-roller at second binder course
(ordinary season).
Heating : Macadam-roller at second binder course with
heating of surface in the lower layer (ordinary
season) .
Cutting 1 : Macadam-roller at second binder course with
cold cutting of surface in the lower layer
(ordinary season).
Cutting 2 : Ditto.

Fig. 12 Upper Void Ratio in Binder Course Using
Macadam-roller
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Normal 1
Normal 2
Heating
Cutting 1
Cutting 2

Normal 1 : Macadam-roller at first binder course (ordinary
season).
Normal 2 : Macadam-roller at second binder course
(ordinary season).
Heating : Macadam-roller at second binder course with
heating of surface in the lower layer (ordinary
season) .
Cutting 1 : Macadam-roller at second binder course with
cold cutting of surface in the lower layer
(ordinary season).
Cutting 2 : Ditto.

Fig. 13 Center Void Ratio in Binder Course Using
Macadam-roller
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Normal 1
Normal 2
Heating
Cutting 1
Cutting 2

Normal 1 : Macadam-roller at first binder course (ordinary
season) .
Normal 2 : Macadam-roller at second binder course
(ordinary season).
Heating : Macadam-roller at second binder course with
heating of surface in the lower layer (ordinary
season) .
Cutting 1 : Macadam-roller at second binder course with
cold cutting of surface in the lower layer
(ordinary season).
Cutting 2 : Ditto.

Fig. 14 Lower Void Ratio in Binder Course Using
Macadam-roller

Table 10 Vertical Void Distribution of Binder Course
Using Macadam-roller in Ordinary Season

Type Void Difference
P (%] (%]
Normal 1 2.8-4.3 1.5
Normal 2 2.7-4.5 1.8
Heating 2.4-4.2 1.8
Cutting 1 4.1-6.6 2.5
Cutting 2 3.9-6.5 2.6

Normal 1 : Macadam-roller at first binder course (ordinary
season) .

Normal 2 : Macadam-roller at second binder course
(ordinary season).

Heating : Macadam-roller at second binder course with
heating of surface in the lower layer (ordinary
season).

Cutting 1 : Macadam-roller at second binder course with

cold cutting of surface in the lower layer
(ordinary season).
Cutting 2 : Ditto.
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Table 11  Surface Temperature of Surface Course Constructed in Ordinary Season (Location A)

Time Oscillatory Hot tandem Macadam
temp. temp. temp.

[min] [c [°C [c

0 156.0 160.4 157.3

2 143.7 146.5 143.7

4 137.1 138.8 126.2

6 128.2% 131.4 118.9

8 118.0 127.2 109.2

10 113.7(—42.3)® 120.5(—39.9) 97.4(—59.9)

30 69.7(—86.3) [—8.2]¢ 82.3(—78.1) [0] 61.5(—95.8) [—17.7]
Atmosphere temp. [°C] 18-19 17-18 19-20

a) Underlines indicate the starting points of rolling.

b)Numbers in parentheses are temperatures which are different from the initial temperature.

c)Numbers in brackets are temperatures which

Hot-Tandem-Roller for 30 min.

170.0 —- E—
L ———r TR
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Fig. 15 Surface Temperature of Surface Course Con-
structed in Ordinary Season (Location A)
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Fig. 16 Vertical Void Distribution in Surface Course
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are different from the cooling temperature using

Table 12 Vertical Void Distribution of Surface Course in
Ordinary Season (Location A)

Type of roller Void [%] Difference [%]
Oscillatory 5.7-7.8 2.1
Hot tandem 3.0-5.6 2.6
Macadam 3.4-6.7 3.3
Cold Season Ordinary Season
Binder Course Surface Course

Void Ratio (%)
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£
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2 § £ & § T EEEER
s § = & § §ff=8G¢8
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3 3y 33

2 g = 2

[} High Temperature
B Lov Temperature

Heating : Macadam-roller at second binder course with
heating of surface in the lower layer (ordinary
season) .
Cutting 1 : Macadam-roller at second binder course with
cold cutting of surface in the lower layer
(ordinary season).
Cutting 2 : Ditto.

Fig. 17 Void Ratio for Different Surface Temperatures
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Table 13 Multiple Regression Analysis of Void Ratio (y) between Initial Temp. of Lower Layer (x;) and Surface Temp.

after 30 min (x) in Binder Course

Void ratio Initial temp. Surface temp.
Type of roller [°c] of unger layer after[o?yCO]mm Multiple regression analysis

J X1 Xo

Oscillatory 5.2 —0.5 97.0 y=—0.44x,—0.030x,+7.96 R=097
5.1 0.4 85.6
2.4 48.1 107.0
4.4 25.7 94.2

Hot tandem 3.8 2.3 101.0 y=-—0.032x,—0.013x,+5.38 R=0.93
4.1 3.6 80.0
2.3 40.8 125.7
4.0 15.2 103.5

Macadam 4.8 6.7 84.3 »=—0.020x, —0.026x,+6.84 R=0.92
5.1 33 69.0
3.4 33.1 90.0
3.7 15.0 98.2
3.2 52.4 111.0
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Summary

Temperature and Void Ratio of Asphaltic Layers Constructed

in Cold and Ordinary Seasons

Katsuya Tokumrtsu', Akihiro MorivosH1'?, Kazuyuki KAwaMURA'2,
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This paper describes temperatures and void ratios of
asphaltic layers constructed using three roller types in
cold and ordinary seasons, and the effects of heating and
cold cutting of the surfaces in lower layers.

The following conclusions were obtained:

The void ratios of asphaltic layers constructed in cold
season were larger than those of layers constructed in

Keywords

ordinary season due to the effect of temperatures in the
lower layers.

The void ratios and their vertical distributions of
asphaltic mixtures were influenced by roller types,
roughness of the surfaces in the lower layers, gradation
and thickness of the mixtures.

Asphalt pavement, Asphaltic mixture, Void ratio, Surface temperature, Roller type, Surface roughness
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