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Abstract: The asphalt content is up to 95% or more in Venezuela Rock Asphalt (VRA),
which is a kind of hard natural asphalt with high in asphalt content, less in ash and impuri-
ties and easy to process. In order to analyze the applicability of VRA for being used to as-
phalt modifier, and through selecting the AC-13C type of asphalt mixture commonly used in

the surface layer and five different mixing amounts of VRA mass ratio of VRA to its modi-
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fied asphalt mixture from 0% to 1% in accordance with the 0. 25% intervals, the mix de-
sign and pavement performance verification for VRA modified asphalt mixture are carried
out. Firstly, based on the results of mix design of common asphalt mixture, and according
to the principle that the pure asphalt and mineral in VRA replace the equivalent base asphalt
and mineral powder in the common asphalt mixture respectively, the adjustment formulas
of mix design are proposed for the VRA modified asphalt mixture. Meanwhile, through the
comparisons of two mixing processes between dry method and wet method, the temperature
ranges and dry process which are suitable for mixing VRA modified asphalt mixture are de-
termined. Lastly, the pavement performances of modified asphalt mixture under different
VRA mixing amounts are tested respectively. The results show that, along with the in-
crease of VRA mixing amount, all the Marshall stability, dynamic stability, flexural tensile
strength and stiffness modulus of VRA modified asphalt mixture have accelerative increas-
ing changes, both the residual stability and freeze-thaw splitting tensile strength ratio in-
crease first and then decrease, the flow value has decreasing change, the maximum flexural
tensile strain has gently accelerate decreasing change, and both the surface water permeabil-
ity coefficient and texture depth have little changes. Therefore, it shows that the mixing
VRA can effectively enhance the whole bond behavior and deformation resistance for the
VRA modified asphalt mixture, significantly increase the high temperature stability and fa-
tigue resistance and effectively improve the water stability, but it has some adverse effects
on the low temperature crack resistance and no obvious effects on the surface impermeabili-
ty and skid resistance. The VRA is more suitable for the use of asphalt pavement in the
southern areas. According to the test results, it is suggested that the suitable range of mix-
ing amount of VRA is 0.25% ~0. 75% of the mass of its modified asphalt mixture.

Key words: Venezuela Rock Asphalt (VRA); natural asphalt; modified asphalt mixture;

mix design; pavement performance
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2 VRA
1 Table 2 Screening results of VRA residual mineral
after combustion %
1.1 VRA /mm
VRA 2.36 1.18 0.6 0.3 0.15 0.075
1~3 ) . 2  VRA 100.0 94.2 8.1 82.3 73.8 59.6
o 1
9 . VRA i 3 A—707
Table 3 Test results of main performance for
' 95 % ’ | ’ ' A-707 base asphalt
’ ’ 3
, 25 C /(0.1 mm) 66 60~80
009%9 , —0.369 —1.5~1.0
VRA . 3 /C 48.0 =46
A—70% 15C  /em 148.0 =100
. 25 C /(g cm ?) 1.034 —
1 VRA 60 C /(Pa«s) 187 =180
Table 1 Test results of main performance for /% —0.019 < +0.8
VRA raw material
RTFOT 25 °C /% 78.1 =61
15 °C /em 45. 8 =15
/(g+cm™ 1.193
/% 0.62 1.2
/% 96. 84 N
/% 96. 93 , 1.5 .
/% 3.07 1.5 ) )
4
Table 4 Test results of main performance for aggregate
/ / /
% /% % /% %
17 (10~15 mm) 22.5 18.4 2.770 2.718 0. 69 10. 9 —
2% (5~10 mm) - 18.4 2.738 2.695 0.58 7.5 —
37 (3~5 mm) - — 2.727 2.693 0. 46 — —
4= (0~3 mm) - - 2.762 2.699 0. 83 - 2.0
=2.60 9.5 mm <12
<26 <28 - <2 3
=2.50 9.5 mm <18
5
Table 5 Test results of main performance for mineral powder 2 VRA AC—13C
/(g cm™? 2,745 = 2.50
| <g/% ) 0. 45 /< 1 ’ AC—13C
0.54 <3 VRA AC—

13C( VAC—13C)
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2.1 AC—13C 41 : 1, 6 . .
, 4% ~6%., 0.5% 5
AC—13C 17 2 27 . AC—13C
: 37 : 47 =19:37:2: . 4.9%,
6 AC—13C
Table 6 Design results of composite gradation for mineral material of common AC-13C %
(mm)
16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
17 100 69. 4 7.6 0.7 0.5 0.5 0.5 0.5 0.4 0.4
27 100 100. 0 94.1 5.1 1.0 0.9 0.9 0.8 0.8 0.7
37 100 100. 0 100. 0 70. 8 2.2 1.7 1.6 1.5 1.5 1.3
4= 100 100. 0 100. 0 99.7 71.8 51.8 33.2 22.0 16.9 9.8
100 100.0  100.0 100. 0 100. 0 100. 0 100. 0 96. 2 90. 7 76.6
100 94. 2 80. 3 45.3 30.9 22.7 15.1 10. 4 8.2 5.1
100 90~100 68~85 38~68 24~40 15~38 10~28 7~20 5~15 4~8
2.2 VRA )
R 2 VRA 0.075 mm
VRA 60% , ,
, VRA 1%,
VAC—13C , AC—13C 0.03%, .
1 VRA , ., VAC—13C
. @D) (2) ’
VRA VAC—13C . o
7 VRA VAC—13C
P/ _p a (1 + P, ) ] 1 Table 7 Actual contents of base asphalt and mineral powder
100 100 in VAC-13C under different VRA mixing amounts %
Pl=p,—ol—1&) 1+2). @ VRA P P
0. 00 4. 90 1. 00
;v VRA . VRA
’%;a VRA 0.25 4.65 0.99
’ % ;Pa Pm 0. 50 4. 39 0.98
% (%);P', P, e n e
VRA VRA 1. 00 3.88 0.97
(%) CZOR 2.3 VRA
VRA .
. 0.25%, , VAC
0.50%,0.75% 1. 00% VRA ( 3 ).
VAC—13C . VAC ,
. VAC—13C VAC—13C, .

( 7



8 VAC , VAC—13C
Table 8 Control ranges for mixing temperature of VAC , , i
/C VRA
180~190 VRA ,
A—170% 155~ 165
170~180
165~175 ’ ’
o , VRA
D) R ,
, VAC—13C
30 s, VRA 60 s; o s
60 s, 60 s, VRA o
VAC ° 9 VAC—13C
3.5 min, Table 9 Marshall test results of VAC—13C under
2) o different mixing processes
) 150 C,
VRA
VRA, 170~180 C; v/ % 7t MS/kN FL/mm
3 000 r/mln ) 2.429 16. 88 2.9
: 0.25
VRA 30~ 60 min, 2.423 17.18 2.9
VRA s 170 C 5
2.414 21.87 2.7
0.75
2.410 22.23 2.6
VAC .
s 0.25%  0.75% VRA 2.4 VRA AC—13C
VAC—13C 4.9%
, , 7
9 R VRA VAC—13C
9 , VRA , , 10 .
10 VRA VAC—13C

Table 10 Marshall test results of VAC-13C under different VRA mixing amounts

VRA v/ %

Vi 2.538 2.533 2.529 2.525 2.521 —

i 2.435 2. 429 2.421 2. 414 2. 404 —
VV/% 4.0 4.1 4.3 4.4 4.6 3~6
VMA/%  14.1 14.3 14.5 14.8 15.1 >13.5
VFA/%  71.6 71.2 70. 6 70. 3 69. 4 65~75
MS/kN 15. 50 16. 88 18.79 21. 87 25.93 >3
FL/mm 3.1 2.9 2.8 2.7 2.7 1.5~4.0
10 . VRA , 0.75% ;
VAC—13C N H ,

N , VRA VRA . ,
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VRA . .
3 VRA AC—13C
, VAC—13C
, , VRA
. , . VRA VAC—13C
.VRA ,.VAC—13C , . . .
. VRA VAC—13C . SBS AC—
, 13C . SBS
VRA , SBS 4.2% . . SBS
. , AC—13C AC—
VRA 13C . 11
o 1~6 o
11 VRA VAC—13C
Table 11  Test results of pavement performance for VAC—13C under different VRA mixing amounts
VRA
o/ % DS /( Cy/(mL «
mm~ 1) MS,/ % TSR/ % Rg/MPa en/pe Si/MPa min~ 1) TD/mm
0. 00 1441 87.8 80. 7.42 2473 3 003 59.6 0. 60
0.25 2 502 92.4 85. ¢ 7.84 2414 3 252 58.7 0. 64
VAC—13C 0.50 4 802 96. 7 88. 8.58 2 337 3679 62.3 0. 74
0.75 7728 98.9 90. 9.49 2198 4 318 60.7 0.59
1. 00 11 897 94.1 86. 10. 67 2012 5 303 64.1 0.71
SBS
— 5079 93.4 89. 9.81 2 650 3702 61.5 0.63
AC—13C
= 100
5 o T
" ‘ ‘ ‘ ! 85 ! : ! ]
0.00 025 0.50 0.75 1.00 0.00 0.25 050 0.75 1.00
VRA 1 0/% VRA B4 0/%
1 DSwv 2 MS;-v
Fig. 1 DSv change curve Fig. 2 MS,-v change curve
11 1~6 SBS AC—13C 1.52 2.34
D VRA ., VAC—13C VRA ., VRA
VRA 0.50% LVAC—13C ., VRA 0.25% ,VAC—13C
SBS AC—13C ; VRA 2400 /mm
0.75% 1.00% VAC—13C . VRA 0.25%,
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s 93 AC—13C 5.5% 1.6%.  VRA
é 90 ’
w87 , ., VRA 0.75% .
=
B 8 VRA , :
= 8l
&% ’
78
0.00 .25 0. 50 0. 75 1 00 R R
VRA B /% VRA 0.75 V °
— 3) VRA . VAC—13C
Fig. 3 TSR-v change curve
E " 1) 7 D)
= . SBS  AC—13C
R ;  VRA 0.50% VAC—13C
s3]
RN SBS AC—13C  88.2%.,
fr
b VRA .
0.00 0. 25 0. 50 0. 75 1. 00 SBS
VRA 5 0/%
4 Ry R , VAC —13C
Fig. 4 Ry-v change curve 2 000 e VRA
4 2500 o
S 23% 4 VRA VAC—13C  SBS
= 2200 AC—13C
% 2050 < 120 mL/min = 0.55 mm ,
1900
000 025 050 075 100 ’ o
VRA B & 0/% VRA
5 EpTU ’ ’
Fig. 5 ep-vchange curve ’
5500 ’
% 4900 4
& 4300
it
& 3700
= 3100
0
2 500 ’ 95% ’
0.00 025 oso 075 100 5%, ) .
VRA 5 0/% )
6 Spv . VRA
Fig. 6 Sg-vchange curve
2) VAC—13C SBS AC—13C o
2) )
8% 80% . VRA . ’
VRA : VRA
, VRA , ,
0.75% , SBS .
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