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331-0052 6-70
001-0014 3-32-34
169-8555 3-4-1 58-205
36 1961

Key Words :VMA air void raio compaction asphalt pavement volumetric mix design.
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) -1 NAPA
2.715 2.714 0.001
g/cm’ 2.468 2.462 0.006
) 6.4 6.4 0
2 -1 ) 15.1 15.1 0
.3 -- -
.0 3.8 0.2
18.1 18.9 -0.8
35.7 35.6 0.1
40.8 40.7 0.1
4.75mm 21.8
21.8 + 15.1 + 3.8 40.7

6
) -1 5
Ccr
19.000 |  100.0
13.200 95.0 | 100.0
As 4.750 2.0 95.0 | 100.0
2.360 0.0 3.0 98.0] 100.0] 100.0
0.600 0.5] 510 45.0 70.0 | 100.0
As 0.300 0.0] 33.0 25.0 45.0 99.5
0.150 18.0 10.0 12.0 98.5
0.075 10.0 3.0 5.0 84.0
2.680 | 2.713| 2.690| 2.690| 2.720] 2.750
-3
(3) [GEDN [¢ )] HGED N ¢ )] HGEDN KGED)
40.0 | 37.5] 35.0] 32.5 | 30.0
As 24.0 [ 23.0| 22.0] 21.0 | 20.0
13 12.0] 135 15.0] 16.5 | 18.0
9.0 | 10.0] 12.0] 12.0 [ 13.0
-2 9.0 | 100] 11.0] 12.0 [ 13.0
13 2.36 6.0 6.0 6.0 6.0 6.0
19.000 | 200 [ 200 | 200 | 200 | 1200 | 100
mm 35 50 -2 13200| 9% | 98.0] 98.1] 98.2| 98.4 | 98.5] 100
4750 | 55 | 59.4| 61.9] 64.4| 66.9 ] 69.4 | 70
2.360 | 35 | 36.3 [ 30.8| 43.2] 46.7 | 50.1 | s0
030 | 10 | 16.2] 217.3| 18.5] 19.7] 209 22
-3 _2 0150 | 6 | 9.9 | 10.4| 10.0] 12.4] 12.9] 16
005 4 | 690 | 71| 73] 76| 7.8 8
2.36mm 2.697 | 2.697 | 2.698 | 2.698 | 2.698
As o/cri 1.030 | 1.030 | 1.030 | 1.030 | 1.030
17.4] 16,9 16.4] 16.1 | 15.7
As ( 6.2 | 6.2 | 6.2 | 6.2 | 6.2
As ( 58 | 5.8 | 58| 5.8 | 5.8
o/cr 2.464 | 2.464 | 2.465 | 2.465 | 2.465
g/cr 2.365 | 2.381 | 2.394 | 2.405 | 2.415
-3 As 13.4 | 13.5| 13.6| 13.6 | 13.7
40 | 34 | 29| 24 | 21
16.5 77.0 [ 79.9| s2.5] 84.9| 86.9
100 —
As 6.2 o /w
2. 80 -
'/
9 ZZ /'I
85 50— | | 7
40 %
As 6.2 " =
20 — = —| |——
10 . -
. ]
As As 0075 015 03 0.6 236 475 132 19

mm
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-4 As
As g/cm3
As As As
55| 1.03 | 5.213 | 2.698 | 16.4 | 2.488 | 2.378 | 12.0 4.4 73.2
56 | 1.03 | 5.303 | 2.698 | 16.4 | 2.484 | 2.380 | 12.3 4.2 74.5
57 | 1.03 | 5.393 | 2.698 | 16.4 | 2.481 | 2.382 | 12.5 4.0 75.8
58 | 1.03 | 5.482 | 2.698 | 16.4 | 2.478 | 2.385 | 12.7 3.8 77.2
59 | 1.08 | 5.571 | 2.698 | 16.4 | 2.474 | 2.387 | 12.9 3.5 78.5
60 | 1.03 | 5.660 | 2.698 | 16.4 | 2.471 | 2.389 | 13.1 3.3 79.8
61| 1.08 | 5.749 | 2.698 | 16.4 | 2.468 | 2.392 | 13.3 3.1 81.2
6.2 | 1.03 | 5.838 | 2.698 | 16.4 | 2.465 | 2.394 | 13.6 2.9 82.5
63 | 1.03 | 5.927 | 2.698 | 16.4 | 2.461 | 2.396 | 13.8 2.7 83.8
64 | 1.03 | 6.015 | 2.698 | 16.4 | 2.458 | 2.398 | 14.0 2.4 85.2
65| 1.03 | 6.103 | 2.698 | 16.4 | 2.455 | 2.401 | 14.2 2.2 86.5
-5 As
As
As As As
68 | 1.03 | 6.367 | 2.697 | 17.4 | 2.445 | 2.379 | 14.7 | 2.7 | 84.4
66 | 1.03 | 6.191 | 2.697 | 16.9 | 2.452 | 2.389 | 14.4 | 2.5 | 85.0
63 | 1.03 | 5.927 | 2.698 | 16.4 | 2.461 | 2.396 | 13.8 2.7 83.8
61 1 1.03 | 5.749 | 2.698 | 16.1 | 2.468 | 2.403 | 13.4 | 2.6 | 83.5
59 | 1.03 | 5.571 | 2.698 | 15.7 | 2.475 | 2.408 | 13.0 2.7 82.7
-6
C [ C ) C )
As (kg/cm®) a 1.030 | 1.030 | 1.030 | 1.030 | 1.030
c 2.697 | 2.697 | 2.698 | 2.698 | 2.698
ma 17.4 | 16.9 | 16.4 | 16.1 | 15.7
V- 2.5 2.5 2.5 2.5 2.5
As an v 14.9 | 14.4 | 13.9 | 13.6 | 13.2
(kg/cm3) e | C o a1(200-  D* D*100 2.381 | 2.390 | 2.398 | 2.404 | 2.410
As ) acu ot o 6.453 | 6.205 ] 5.991 | 5.809 | 5.659
As ) acs o/ (100- ) 6.898 | 6.615 ] 6.373 | 6.168 | 5.998
As ) i as 6.8 6.6 6.3 6.1 5.9
As ) il a0/ (100+ 4 )*100 6.4 6.2 5.9 5.7 5.6
(kg/cm3) ¢ | 100/C o/ FQO00- L)/ D 2.445 | 2.452 | 2.461 | 2.468 | 2.475
(kg/cn3) o | (100-  H7(100- _)* | 2.379 | 2.389 | 2.396 | 2.403 | 2.408
As o el e 14.7 | 14.4 | 13.8 | 13.4 | 13.0
vd ma~  ad 2.7 2.5 2.7 2.6 2.7
ad ad/  a*100 84.4 | 85.0 | 83.8 | 83.5 | 82.7
96 (kg/cm3) €96 096 2.284 | 2.294 ] 2.300 | 2.307 | 2.311
96 vos | 100-( g6*100- & )/ + 6.2 6.1 6.2 6.2 6.3
9% a96 a/C agt v *100 70.2 | 70.3 | 68.9 | 68.3 | 67.4
97 (kg/cm3) o7 0-97 2.307 | 2.318 ]| 2.324 | 2.331 | 2.336
97 w7 | 100-C 7*100- & D/  a 5.4 5.2 5.3 5.3 5.4
97 a97 a/ C agt ve)*100 73.3 | 73.5 | 72.1 | 71.6 | 70.7
98 (kg/cm®) c98 70-98 2.331 | 2.342 ] 2.348 | 2.355 | 2.360
98 v | 100-C 4g*100- & D/ ¢ 4.5 4.3 4.4 4.4 4.5
98 298 2/ C agt vep)*100 76.7 | 76.9 | 75.7 | 75.2 | 74.3
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PROPOSED VOLUMETRIC MIX DESIGN METHOD FOR HOT MIX ASPHALT
BASED ON THE CALCULATED VOIDS IN MINERAL AGGREGATE

Yasuo GUNJ Takemi INOUE and Hirokazu AKAGI

The Marshall stability test has been used in Japan as the mix design method for hot mix asphalt
since 1961 when this method was adopted in the "Manual for Asphalt Pavement ". Recently, this
method has been considered to be an emprical one that can especially design a durable mixture
which is rut resistant. We, therefore, propose a rational mix design method whose procedure is to
calculate the voids in mineral aggregate from the aggregate gradation then add the necessary asphalt
content to get an appropriate air voids ratio of the mixture. The required material properties are
checked in both this calculation and in the actual compacted specimens.
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