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Performance Optimization Method of Composite Modified Asphalt Sealant

TAN Yiqiu GUO Meng CAO Liping LI Xiaolin XU Huining
( School of Transportation Science and Engineering Harbin Institute of Technology Harbin Heilongjiang 150090  China)

Abstract: In order to improve the performance of composite modified asphalt sealant the central composite
design—response surface methodology was used to optimize the contents of raw materials. The content ranges of
raw materials and processing technology were determined by single factor analysis method. Cone penetration
elastic recovery creep strength and m value of creep strain rate were analyzed by testing in central
composite model. The response surface of the overall desirability was established and the optimal contents of
raw materials were determined and verified. The test results indicate that ( 1) the optimal contents of raw
materials: rubber powder—25% additive—7% SBS—5% and SBR—3%. Central composite design—
response surface methodology is feasible and effective in optimization of the dosage of raw materials of
composite modified asphalt sealant.
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modified asphalt; performance optimization
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1.1

1 90"

Tab.1 Physical property of Liaohe Asphalt No. 90

(100g 55 25°C) /(0.1 mm) 80 ~100 83.0  JTJ T0604
(5 em/min 10 C) /em — >100  JTJ TO605
(5 em/min 15 C) /em =100 >140  JTJ TO605
Tran/C 42 ~52 46.3  JTJ T0606
( ) 1% 99.0 99.5  JTJ T0607
(€OoC) /C 230 310 JTI T0609
(15C) /(g* cm™?) 1.009  JTJ T0603
( ) 1% <3 1.5 JTJ 0615
1.2 SBS
SBS 3411
2 o
2 SBS
Tab.2 Physical property of SBS
) 25%
(shoreA) /% 1% /(MPa-s)
0.94 80 0.25 70/30 0.1 20 000
1.3 SBR
SBR
SBS
3.
3 SBR
Tab.3 Physical Property of SBR
/
/ / /% M- (1+4)
100°C !
<40 20 ~30 21.5~35 48 ~ 66
1.4
50 ~ 100 o
1.5
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Fig. 2 Flow chart of preparation process of sealant
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Tab.4 Test result of SBR powder modified Asphalt No. 90

SBR
90* .
(JTJ036—98) SBR

2.5% 4.5% 6% I-A 1I-B II-C

(25 C
100g 55s)/ 82 72 46 43 <100 <80 <60
(0.1 mm)

/°C 47 54 60 63 =45 =48 =50
(15°C) /
>140 >140 >140 >140 - - -
cm
(5%C)/
6.3 44 65 80 =60 =50 =40
cm
2.3
2
3% 7%~ 10% « 12%
2 D)
+25% ) +25%
+5% SBR . 6 7.
160
~ 140 [ —o—KIMSBR¥FK
g 120 b~ IIAS%SBRA A
S 100 [
a 80 f
1 L
2 60
& 40
2 [
) i i ,
0 5 10 15
SMERB /%
6

Fig. 6 Cone penetration varying with additive content
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Fig. 7 Elastic recovery rate varying with additive content
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5 7 OD
Tab.5 Levels of response surface experimental factors Tab.7 Summary of OD regression model
-2 -1 0 1 2 R R, R,
X, /% 15.00 18 21 24 27 1 0.830 0. 689 0.608 0.14221
X, 1% . . . 12. 15.
2 1% 3.00 6.00 9.00 00 5.00 8 OD
X3 1% 0.00 2.50 5.00 7.50 10.00 . . .
3 Tab. 8 Analysis of OD regression variance
Xy 1% 2.00 4.00 6.00 8.00 10.00
F Prob > F
X, Xy . SBS Xy
SBR ’ 1.030 6 0.172 8.492  6x107°
0.465 23 0.020 — —
2.4.2 1.495 29 — — —
SPSS 4 9 OD
~ 4 2 Tab.9 Coefficients of OD regression equation
7~ 9 i 5 t Prob >t
6 -1.018 0.316 — -3.217 0.003 8
Tab. 6 Experimental data of response surface
X, 0.023 0.010 0.274 2.354 0.027 5
Set  Type X X, X; X, / 0D X, 0.128 0.058 1. 540 2.219 0.036 6
(0.1mm) /% /MPa
X 0.137 0.038 1.368 3.621 0.001 4
4 Fact 1 1 -1 -1 92.5 55.9 249.7 0.25 0.29
X, X - - -
17 Axal -2 0 0 0 59.3 59.3 277.2 0.274 0.40 % 0-0090.003 2.046 - -3.161 0.004 4
I Fact -1 -1 -1 -1 59.0 52.3 142.5 0.355 0.52 Ko Xy 0.008 ~ 0.003  0.850  2.363  0.0270
5 Fact -1 -1 1 -1 453 61.3 113.8 0.305 0.65 XXy -0.012 0.006 -0.916 -2.069 0.0500
21 Axial 0 O -2 0 87.3 59.8 355.6 0.241 O X3 X2X2 X2X4
18  Axial 2 0 0 0 67.3 67.7 111.8 0.325 0.70
X, X, XX,
16 Fact 1 1 1 1 64.5 63.7 90.7 0.38 0.76
28 Center O O O O 61.3 57.3 123 0.292 0.54
9 Fat -1 -1 -1 1 650 543 246 0.24 0.29 0D =-1.018 +0.023X, +0. 128X, +0. 137X, -
15 Fact -1 1 1 1 81.0 63.3 125.3 0.309 0.58 0.009X,X, +0.008X,X, - 0.012X,X,.
20 Axial 0 2 0 0 73.0 583 213.6 0.269 0.42 SBS 5% SBR 3%
2 Fact 1 -1 -1 -1 79.3 63.0 82 0.33 0.64 8,
25 Center 0O O O O 68.3 68.3 90.9 0.269 0.59
13 Fact -1 -1 1 1 53.0 65.7 122.3 0.28 0.62
19 Axial 0 -2 0 O 47 60.3 248 0.219 O
3 Fact -1 1 -1 -1 123.3 47.3 144.1 0.332 O 2
30 Center 0 O O O 69.2 658 96.3 0.313 0.67
14 Fact 1 -1 1 1 53.7 66.8 97.9 0.321 0.73
6 Fact 1 -1 1 -1 53.3 66.3 158.6 0.31 0.66 4 I
10 Fact 1 -1 -1 1 71.7 59.8 174 0.27 0.47 i85 /% 0 B mmmeRy
26 Center 0O O O O 69.2 658 92.3 0.287 0.62
11 Fact -1 1 -1 1 85.7 67.3 125 0.299 0.58 8 OD N
24 Axial 0 0 O 2 59.2 65.0 144 0.29 0.61 Fig. 8 Response surface of OD varying with
27 Center 0 0 0 0 68.3 72.7 82 0.308 0.72 contents of rubber powder and additive
22 Axial o o0 2 0 70.5 757 47.3 0.362 0.85 0D
23 Axial 0O 0 0 -2 8.3 79.5 145 0.292 0.61
29 Center O O O O 78.7 65.0 110 0.33 0.64
7 Fact -1 1 1 -1 59.3 78.7 120.3 0.302 0.75
25% ; oD
8 Fact 1 1 1 -1 79.0 77.3 87.7 0.351 0.78
12 Fact 1 1 -1 1 8.0 75.0 852 0.3330.70
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9))] 10
0D 7% ~8% Tab. 10 Data of validation test
o /
m oD
25% 7 % /mm (0.1 mm) 1% /mm  /MPa
SBS SBR 9. — 73.1 70.6 —  85.3 0.347 0.746
2 0 67.3 67.7 >15 111.7 0.370 0.752
1.8
25, !m — 8.6 43— -236 -6.2 -0.38
2 85 1.4
a 1.5 : : 112 10
< 1 , 11
0.5 10.8 °
0l | E0.6
15% = : (- 15 0.4 3
R W L 10 0.2
SBRB /% 00 ‘SBS#B /% ( 1) .
9 OD SBS. SBR 25%  SBS
Fig. 9 Response surface of OD varying with 5% SBR 3% 1%
contents of SBS and SBR (2)
9 SBS (3) ’ ’
oD SBS 5%
0D SBS A "SBR
59 (4)
0D ’
(5)
SBS 5%; SBR oD
SBR SBR ’
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