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Determination Model of SBS Content in Modified Asphalt Based on DNN

WANG Zhixiang'?®, LI Jiange'
(1. Highway School, Chang’an University, Xi’an 710064, China;
2. Guangdong Hualu Transportate Technology Co., Ltd., Guangzhou 510420, China)

Abstract: In order to determinate the content of styrene butadiene styrene block copolymer(SBS) in SBS
modified asphalt accurately, the Fourier transform infrared spectroscopy (FTIR) spectra of modified as-
phalts containing different SBS contents were collected by using FTIR instrument, and the determination
model for SBS content in modified asphalt was established based on deep neural network(DNN). The in-
{luences of different factors on the accuracy of the determination model were studied, and the accuracy,
susceptibility and applicability of the model were evaluated. The results show that mean square error of the
SBS content determination model is reduced by 70% by dimension reduction and noise reduction. Determi-
nation accuracy for SBS content in modified asphalt using DNN method compares favourably with that
using standard curve method and random forest method. It also has good sensitivity and applicability to de-
termination of SBS content in modified asphalt by the DNN determination model.

Key words: road engineering; Fourier transform infrared spectroscopy; depth neural network; modified as-
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Table 1 Performance indexes of base asphalt

Index Test result Method
Penetration(25 ‘C ,5 5,100 g) /(0. 1 mm) 62 ASTM D5
Ductility(5 em » min™",10 °C)/cm 42 ASTM D113
Softening point(R&.B) /°C 48.5 ASTM D36
Viscosity(60 ‘C)/(Pa + s) 225 ASTM D4402
Density(15 C) /(g * em™) 1. 16 ASTM D70
%2 SBS HytEEEIEHR
Table 2 Performance indexes of SBS
Index LG411 LG501
w(ash) /% 0. 25 0.28
Tensile strength/MPa 14 16
Elongation at break/% 600 700
Shore hardness/A 78 80
Melt flow rate/(g * min™") 0. 04 0.02
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Fig. 1 FTIR spectra of BA and SBS modified asphalts
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Table 3 Samples information from database

Specimen waps/ 0 N N N
BA 0 23 6 29
SBS-MA-3. 0 3.0 23 6 29
SBS-MA-3. 5 3.5 23 6 29
SBS-MA-4. 0 4.0 23 6 29
SBS-MA-4. 5 4.5 23 6 29
SBS-MA-5. 0 5.0 23 6 29
SBS-MA-5. 5 5.5 23 6 29
SBS-MA-6. 0 6.0 19 5 24
Total 180 47 227
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Table 4 Effect of data preprocessings on determination
accuracy of DNN model

Data preprocessing MSE

No preprocessing 0.171

Only dimension reduction 0. 160
Only noise reduction 0.061

Both noise and dimension reduction 0. 057
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Table 5 Comparison of determination accuracy of three
determination models

AC/%
Model R’
weps =4. 3% weps =4. 7% weps = 5. 1%
SCM  0.9805 93. 256 94. 365 93. 687
RFM  0.9752 94. 556 95. 678 94. 287
DNN  0.9989 98. 256 98. 756 97. 689
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Table 6 SBS content results of different modified asphalt

Shell-70* SK-70*% IRPC-90*
Result m(LGA11) * m(LGA11) : m(LCY3501) : m(LGA11) : m(LCY3501) *
LG411 LG501 m(LG501) = m(LG501) = m(LCY3411)= m(LG50)= m(LCY3411)=
7:3 3:7 1:1 1:1 21
N 30 30 30 50 50 10 40
TV/% 4.5 1.5 1.8 1.6 4.9 4.0 4.7
Y/ % 4.43 4.40 4.88 4. 66 4.82 4.05 4.62
Y-y | /% 0.07 0.10 0.08 0. 06 0.08 0. 05 0.08
AC/ % 98. 44 97.78 98.33 98.70 98. 37 98.75 98. 30
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