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Optimization of performance of rock-resistant SBS composite

regenerated asphalt based on response surface methodology
LIU Qi' \WANG Xiushan® LI Zhennan' YU Yewei' . HU Yiqi1
(1. School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018,
China; 2. School of Construction Equipment, Zhejiang College of Construction,
Hangzhou 311231, China)

Abstract: To fully utilize aged asphalt, a preparation method for rock-resistant SBS composite
rejuvenated asphalt was proposed. First, rock asphalt and anti-stripping agent were blended to modify SBS
asphalt, producing a rock asphalt/anti-stripping agent composite modified asphalt. The optimal dosages of
rock asphalt and the anti-stripping agent were determined using the response surface methodology. Then,
this composite modified asphalt was blended with aged asphalt to prepare the rock-resistant SBS composite
rejuvenated asphalt, and the performance improvement was verified using a rejuvenated asphalt blending
theory model. Results show that rock asphalt and anti-stripping agent enhance asphalt performance, with
the best composite modified asphalt performance at 8. 5% rock asphalt and 0. 4% anti-stripping agent. The
rejuvenated asphalt blending theory model is applicable to this preparation method. When the composite
modified asphalt content reaches 30%, the performance improvement of aged asphalt is most significant:
the maximum residual penetration ratio (76.5%), the minimum softening point increment (1.9 “C), and

the maximum elongation ratio (62.4%). The research offers reference for aged asphalt recycling and
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rejuvenated asphalt preparation.

Key words: asphalt modification; reclaimed asphalt; response surface methodology; SBS modified

asphalt; reclaimed asphalt blending theory model
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f’f;@;x e Lo RIS IE , (RS0 5 30 mins DY V152 0R , P
e ' ARBEAE 30 min, HR AU BT 165 C HIREAH
5 B /cm 11.6 . .
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1 8 0.1 40. 8 22.8 74.4 31.6 10. 4 76.5

2 10 0.5 38.6 23.1 72.7 32.5 11.5 75.9

3 8 0.9 37.8 23.5 71.9 32.4 11. 2 76. 2

4 6 0.9 44. 6 24. 4 75.6 33.6 10. 8 77.9

5 8 0.5 36. 4 16.5 79.5 29.5 8.8 82.4

6 6 0.5 37.2 16.4 79.3 29.1 8.6 82.1

7 10 0.1 34.4 17.6 78.2 30. 2 9.2 81.7

8 8 0.1 35.3 17.9 77.6 30. 6 9.5 81.5

9 10 0.5 35.1 17.6 77.4 30. 1 9.1 82.1

10 8 0.5 33.6 17.0 78.4 29. 8 8.9 81.4

11 6 0.1 34.9 17.1 78.1 30. 4 8.6 82.3

12 8 0.5 37.4 18. 8 79.3 30.9 8.7 82. 8

13 8 0.5 36.9 18. 4 80. 4 31.5 8.5 82.4

14 6 0.5 34.3 13. 4 82.3 27.9 7.4 84.9

15 10 0.9 32.4 14. 3 80.9 27.5 7.9 84. 3

16 8 0.9 31.6 14.9 80. 6 28.0 8.0 84.1
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2.3 HFESW Y, =30. 24118 — 2. 27500X, 4 0. 80000X, (4)
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Y, /cm 31. 11 <C0. 0001 0.7715

Y,/C 117. 07 <<0. 0001 0.5527
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PEE 1A 1D PTAKR IR . — 7 T Ul i& B R
HOMBeRrEL R I G BEE AR SRIIPTRIVE RN 1L
ST REAC BB N 5 5y — 7 T 2 AR E AR AR
ZI/N FIAPTRIVE RS P2 LR
&+ NFE/(0.1 mm)
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33.32

[ 32.70
2 32,09
_ 3t 3147
g 31.86
E3ip 3024
S 5l 29.62
i 29.01
2 28.39
& 27.78
27.16
6.0 .
6570, 5 f 00
T, 8.5 0.4
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0.1 :

6.0 65 7.0 7.5 80 85 9.0 95 10.0
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W v R RERE R 7 &AL ARG AiE

FESF /cm
24.40

23.30
22.20
21.10
20.00
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SRR TS . 7E TFOT Z4kJ5 . Wi Ak s
W2 T » R WA 7 PR 7% ) RE4R = SBS ot
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Ak R TN AE 5 SN AE 22 8] 1R 2E 4 00 R
2.10%0.3.40%.2.92%.2.27%.0. 71% 1 1. 21%.,
JIr A AR () T B R o T 95 %4 . X R B X R 1A
AL/ C

0.9

TR AT IS A B R LB i B Al SE k. Bk
PP W 137 T 92 AR08 1 e S Bt 25 DR 3 0 e P 0 5 1
RERIRZ IR .

ik s/ C
82.65 /\ 82.65
81.41 i 81.66
82 80.66
<07 80.16 79.67
= 78.67
@0 78.92 77 68
= 76.68
= L 75.69
B, 76.43 74.69
fé 73.70
: 75.19 72.70
73.94
01 72.70
60 65 70 75 80 85 9.0 95 10.0
EHERBEY%
(a) TFOTZALRT#R Ak pi S 4% (b) TFOTZ AR KA 3D BH T
Ak g/ C
09 85.55 A/ C
” 85.55
0.8 84.38 84.62
83.68
S 0.7 83.21 84 82.75
1 81.81
€06 82.04 ot 80.88
2 i 79.94
@ 0.5 80.88 § 79.01
204 7971 = 78.07
e 77.14
0.3 78.54 76.20
0.2 77.37 70.%
50é) %\0[0
01 76.20 %500 A N4
60 65 70 75 80 85 9.0 95 10.0 T Y. 27 N
%%%E‘]}?%/% §/0/0 ? 5100 010 %()g’ft
(o) TFOTZAL G M S 2R (d) TFOTZ A G 8 Ak s 3D BH T
B3 SUeAREER
*8 EMBEMNEREINER
g H THAE SEAE TR R/ % THE 5 S B iR 22 / %%
£ AEE/(0.1 mm) 33.4 34.1 97. 90 2.10
TFOT Ja4t AJE /(0. 1 mm) 29. 4 28. 4 96. 60 3.40
FEJE /cm 16 16.5 97.08 2.92
TFOT JGZEfE /cm 8.8 9.0 97.73 2.27
b/ C 78.9 78. 3 99. 29 0.71
TFOT Ja#k s/ C 82. 6 81.6 98. 79 1.21
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_ 145
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W2 O MRA Q) AT 15 2 F A W7 F Ak a5
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I TR 0O ERA .
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T B, B LKB Wi & E (LKB
5 LKB Wiy FE A Wi IRV e i i 10 i LD 43
B 0%6.10%6.20% .30 %6 .40 %6 1 50 Y6 it & LKB-S
Wit FE A TR
4.2 REERSH
4.2.1  EF BRI My
XA LKB Wi i | 40 e LKB-S i i 4t
N BE R 6 235 SR 5 A5 8 00 AR s 2R A 5 6 B T 4
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25 ‘C#FNE/(0.1 mm)
T~ S 3
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(3]
T
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—_

(I) 1|0 2|0 3IO 4|0 SIO
LKB#E & &/%
B4 SNERGEERSEBTTEE
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