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Crack resistance of mixture with reclaimed SBS modified

asphalt pavement from central mixing plant

WANG Jie, QIN Yong-chun, ZENG Wei, HUANG Song-chang, XU Jian

(Key Laboratory of Road Structure & Material of Ministry of Transport (Beijing) . Research Institute of
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Abstract: To study the crack resistance of a mixture with reclaimed styrene-butadiene-styrene
modified asphalt pavement (RAP-SBS) from a central mixing plant, a semi-circular bending test
was performed to evaluate the effect of the RAP-SBS and rejuvenating agent content on the
resistance at medium and low temperatures via fracture energy. At the same time, the specimen
surface image during the loading process of the test was subjected to speckle processing using a
digital speckle correlation technique. The horizontal strain field at the crack tip and crack
development characteristics of the recycled mixture were analyzed as well as the variation law of

the horizontal strain-time curve. The effects of long-term aging and freeze-thaw cycles on the
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crack resistance were also analyzed. The results show that the recycled mixture crack resistance
decreases in accordance with the quadratic polynomial as the RAP-SBS content increases at
medium and low temperatures. The quadratic polynomial relationship cannot be changed by the
rejuvenating agent, but it can help to slow the deterioration trend. When RAP-SBS content is
less than 30% , the crack resistance is near that of a new mixture but the anti-aging property is
poor. The mortar of the recycled mixture easily forms a weak interface and the rejuvenating agent
can prolong the cracking time. The horizontal strain peak at the crack tip also increases. For a
mixture with high RAP-SBS contents the improvement is more obvious. The influence degrees of
low temperature crack resistance are shown in order from temperature, from reclaimed mixture
content to long term aging. The influence of temperature is highly significant. The sensitivity of
the low temperature recycled mixture crack resistance to the freeze-thaw cycle increases, as the
RAP-SBS content increases and the exponential model can better reflect the attenuation trend
between the recycled mixture crack resistance and freeze-thaw cycles. The damage degree can be
divided into two stages, a rapid damage period and a stable damage period. 10 tabs., 9 figs, 17 refs.
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RAP-SBS E‘Jﬁﬁiﬂjﬁﬁ&g{ = TE'F Tab.1 Properties of old and new SBS modified asphalt
Mg IR T | B 05 75
1 MBS HF* S AJE(25 C, 100 g2 5 $)/0. 1 mm 31.3 | 48.1
A/ C 70.0 | 69.3
1.1 iiti!,ﬁﬁ'ﬂ FERE(S5 C, 5 em s min~ ') /em 0.1 30.7
RAP-SBS Bt A b 50— JF £ C IF) oy 38 2 1% 1 135 CHifiE/(Pa+ s) 2.36 | 1.05
JZBEaDE M E & 3. 60, FRA U IR Wit | Rt/ % 0.52
FORHIT IR U5 75 9 SBS Btk 5 7 (1D 7 I B PR R T e 5 e
. N § - N X5 WEREG °C, 5 cm » min~ 1) /c 16. 1
I RS AR AR L R A (RAD B 2 4 R |EE memin D/em
x2 BEFANETEHRARIER
Tab. 2 Main properties of rejuvenating agent
i (60 CH/ TR S LA 32X 5 A IR B TS I/
24 NA/C |0 /% | 5 /%
H (Pa+s) " R R | IR AR S 0 L Tt/ Y (g+ cm=®)
ZHUE 1.202 267 26. 04 42.27 1.8 —2.62 1.013
F 2 000 A0 T M BB M A K e 2 3. ®3 BEAMEUREBE L

3 AL Y AR B AR 600 . BOME T T AT A

Tab.3 Effect of rejuvenating agent on aged modified asphalt

YHe N ~, NIE I ] 4)5 0, 4 4 L 4 ‘\
i AR 1 A PB4 T 3 /A B 15 7 B TR G T B AR - Wf*"'”’“i(f)wmz i
MY Y(JTG F40—2008) i SBS #it 4 I 5 (1-D &) :

. . . e . 25 CHEF ABE(25 °C, 100 g, )
FORZER s 85 G F 5 X A R85 R eobE Ui 5 /0. Lmm 39.6 51.2 64.9
%EE/\J*IL /Abjj TJ\KEE:/:_E Jﬁﬁiﬂ‘j 6y° ik,ﬂ:l,i/ﬂ(/ 67.5 65.1 62.8

P AC- 13 E M AU IR & B 288, RAP- FERECS em -+ min 1.5 °C)/cm|  13.8 22.2 30.3
SBS B/ 0% .15% .30% 50% 1 70% , AN[EIE & 135 CHiE/(Pa » s 1.370 1.111 0.841
BHA IO Al fE— 2, W3R 4. Fi IR T BROR B 1% Bt/ (N - m) 14, 21 11.21 7.53
e E RS UE R, LES, P/ (N - m) 5.78 5. 45 4.43
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Tab. 4 Aggregate gradation of recycled mixtures
RAP-SBS R FEFL R~ (mm) F 38 1 %/ %
BE/ % 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075

0 100.0 97.3 75.1 41.9 28.1 18.2 13.6 10. 2 8.0 6.3

15 100.0 97.0 73.2 42.4 27.3 17.8 13.4 10. 1 8.0 6.5

30 100.0 97.2 75.0 41.9 29. 1 18.7 13.8 10.3 7.9 6.2

50 100.0 97.0 73.4 40. 4 28. 2 18.4 13.7 10. 3 8.0 6.4

70 100.0 96.9 72.6 40.7 28. 4 18.6 14.0 10. 6 8.4 6.7
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Tab.5 Asphalt contents of recycled mixtures %

RAP-SBS & 0 15 15° 30% 30 50% 50 70% 70+

R 4.60 4.06 4.03 3.52 3.46 2. 90 2.79 2.28 2.13

BE R 4. 60 4.60 4. 60 4. 60 4. 60 4.70 4.70 4. 80 4. 80
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Tab. 6  G; of recycled mixture at different temperatures

AFRECCTH Gi/(J » m™ %)
RAP-SBS # 1t/ %
—20 —10 0 25

0 1563 1787 2 943 3 353
157 1542 1732 2 862 3 289
307 1450 1697 2 110 3221
507 1423 1670 2 040 2737
707 1197 1510 1790 2212
15" 1572 1801 2 867 3 390
30 1560 1827 2 677 3 388
50 1497 1727 2123 2975
70" 1457 1710 2 067 2 507
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Tab.7 Fitting results between Gy and RAP-SBS contents of recycled mixture
ATal RAP-SBS #8 4 (70) F Iy 5%
e/ c ERE N LB
15 30 50 70
KRB INFFAEF] y=—0.0682>—0.1772+1 556. 1 0.95 —2.23 —4.26 —6.98 —9.70
o W T AR y=—0.0282%+0.2692+1 568. 3 0.96 —0.57 —1.41 —2.53 —3.65
RN y=—0.03922—0.8022+1 772.5 0.95 —1.97 —3.14 —4.70 —6.26
o W T AR y=—0.0372*+1.2332+1 792.9 0.76 0.12 —0.99 —2.47 —3.94
RISIMFFAEF] y=—0.00722—17. 359x+3 004. 7 0.92 —17.57 —17.78 —18.06 —18. 34
0 W T AR y=—0.0082%—13. 784x+3 003.9 0.93 —14.02 —14. 26 —14.58 —14.90
RN y=—0.25622+1. 44220+ 3 351. 4 0.99 —6.24 —13.92 —24.16 —34.40
# W T AR y=—0.2892%+7.8992+3 355.5 0.99 —0.77 —9.44 —21.00 —32.56
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i AR CC) T G
L‘W\A RAP-SBS —20 —10 0
o == . = PR/ B/ | MR | B/ | AR | B/ | AR
A 16/ Jem DHHEFE/ Y% (T m DHEE/ %[ m DHER/%
0.05- %E(;;RAP'SBS%ESO% 0 1470 | —6.0 | 1761 | —1.5 | 2687 | —8.7
-——- %%70%,5&%7111@&% 15* 1473 | —6.3 | 1616 |—10.3 | 2581 | —9.9
-------------- B E710%, 7 n 8 A4 7 -
0.04f 30 1450 | —7.1 1582 |—13.4 | 2370 |—11.5
" 50" 1423 | —4.9 | 1577 | —8.7 | 2083 | —1.9
4 0.03
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Fig.5 Horizontal strain-time curves of recycled mixture
2.3 KEPZAXNBETBTREANRKERRGERN
AU
g )E PR U TR SRR B 2L RE
% 8 H X AL R O AL S W R BEAR AL T & 1L
Hij BT 2R BE B B HE R

WA U0 B TR G ORI & 1 1 BB B 255 2 RAP-SBS
B KF 50000, Wi 4 REAR fL G I B LA X 5 IR
JiF1 RAP-SBS 6 ¢

#9451 T RAP-SBS #5552 RK 1 2 1
XA 0 TR ARG TR T R R 1 T 22 A B A R B
FPEAKFH 0,05, £ 9 1, SS Ky Eg 2 F 4 Al DF
HHEELMS R4 05 2% P FAAEX W AL F
HF it



%43

I OARLE . HMFA SBS B HBF RS 33

x99 BEUBRTEIRANMBREFESHER
Tab.9 ANOVA results for G of recycled mixtures

KA SS DF MS PfE F
RAP-SBS
. |1o075013 4 268 753 0.278 2.63
B
R 6273 330 2 3136 665| <<0.001 3.24
K | 50 586 1 50 586 0. 629 4.08
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Tab. 10 Exponential model fitting results of recycled mixture

RAP-SBS a b ¢ . , o
P » — " S ” S N Ry P fH
BE/% BE bR iR 22 Bl P ofe 15 22 Bl bR iR 22

0 1244 38.1 560. 3 38.000 —0.187 0.035 617.7 0.98 2.8X10°6
15 1151 47.7 590. 2 46. 100 —0.165 0.029 579.4 0.99 3.4X10°6
30 1125 28.0 639.9 29.172 —0.212 0.025 454.3 0.99 2.0X 1075
50 1051 18.2 698.0 18. 368 —0.224 0.015 154. 2 0.99 4.7X10°7
70 943 36.6 785.9 43. 600 —0.278 0. 046 1393.9 0.98 1.6X10°




34 KEZERFZFHROARHAZR 2019 %
05 - bility of SBS modified asphalt binders[J]. Journal of
_______________________ - Materials in Civil Engineering.2017,29(8) :04017070.

4r B [3] XIAO F, AMIRKHANIAN S N. Moisture suscepti-

wsl ’/’/,/" ’’’’’’ bility and rut resistance of RAP asphalt mixtures with

# ’/ """" high percentage of natural sand[]J]. Journal of Materi-
1X0.2 — BE% als in Civil Engineering,.2015,27(7):04014217.

j;;‘_‘gégg;‘;:ggggﬁﬂ [47 DONG F.YU X. XU B, et al. Comparison of high

01 _::g%;g:ﬁ:gggg%% temperature performance and microstructure for

: 9 f : . foamed WMA and HMA with RAP binder[]]. Con-

6 9 12 15
ETTEERVE 8

B9 AT IR G R R A B 28 Bk D BE R AR i 1k

Fig. 9 D of Gy changes of recycled mixture with n

3 & iE

(D AR A5 F TR P A BT O 77 1R 5 Rk ) 7 2
ek RAP-SBS 2 it iy 38 Jin £ — Wk 2 10 300k Ik » 1
JHFF A2 700 DG 35 80 3k ol 3df i 5% 28 5 (B A B ol %
HAL S 2 RAP-SBS B8 /N T 3070 1. A4 I 5
AR PR BT HoRL  HSTBATEREA 2% .

(2) PRLE T IR BHED 3K 5 T B 32 1 555 5 T
o FH A 790 AT SE % FL O 2R 8] O $i i AR 0K P B
AR AR JUHLEE X R L) RAP-SBS P A= o i 38 2R
Cli RN

(30 P A 0 77 1R A AL ARl 70 SR A 32 iy PR R A Tk
i RAP-SBS £4 KW AL  Hrp il B A 2 1
R

CAO PR A T 77 TR A AR IR 370 2R P 18 3T R Tl 70 34
YRS A0 2 o R 42 5 ) 98 T 6 R ) i
A0 A LAl A ARG A T SR P I R Rl A 3 U ) 2
BBCAR DL » JHEABE 47 R 52 i VRl O 8P 6 I R By D
A5 ) A RE B 0 2 A B B

AL QU AE — Bl RAP-SBS BB 2 fif
EAEI . 75 RAP-SBS M A2 J5 2 B A 8 B AT
RGF A BB B A TR s HA SO BT = N
RATR A T TR

S E k-

References:

[1] RER.KER SBS BEWhT & SMA IR & 8 b H
BgELT ] o [ 28 B 24l 2001, 14 (1) - 13-20.
ZHU Meng-liang, ZHANG Qi-sen. Applied research on
SBS modified bitumen and SMA mixture[ ]]. China Jour-
nal of Highway and Transport ,2001,14(1) :13-20.

[2] GOLI A, ZIARI H, AMINI A. Influence of carbon

nanotubes on performance properties and storage sta-

[6]

L7]

[8]

L9]

[10]

struction & Building Materials,2017,134:594-601.
ZAUMANIS M. MALLICK R B.,POULIKAKOS L,
et al. Influence of six rejuvenators on the performance
properties of reclaimed asphalt pavement (RAP)
binder and 100% recycled asphalt mixtures[]J]. Con-
struction & Building Materials,2014,71:538-550.
GHABCHI R, SINGH D,ZAMAN M, et al. Labora-
tory characterisation of asphalt mixes containing RAP
and RAS[J]. International Journal of Pavement Engi-
neering,2016,17(9) :829-846.

B &L A, B A LA AT IR A
BHIGR P RLERE A 52 M [T 1. 2 B 5058 B4, 2007, 24
(3):10-14.

HOU Rui, HUANG Xiao-ming, LI Hai-jun. Influence
of recycling technology of hot-recycled asphalt
mixture’s low temperature anti-cracking performance
[J]. Journal of Highway and Transportation Research
and Development,2007,24(3) :10-14.

ikt MR e BRIEDT. S T HERREAE T IR AR
Jy2f Pk fig K v WFgE L) ], 8 506 kL 22 ik, 2016, 19
(5):871-875.

HE Zhao-yi, CHEN Long, CHEN Xian-yong, et al.
Mechanical properties and application research of hot
recycled asphalt mixture from central mixing plant
[J]. Journal of Building Materials, 2016, 19 (5);
871-875.

BOULE S 2 BR e 3k AR A U IR & pHIR T 2
PERESRIEM T R TR &2 s8Rl 5 T
TR ,2008,32(6) :1029-1032.

GENG Jiu-guang, DAI Jing-liang, CHEN Zhong-da.
Whole process evaluation of low temperature anti-
cracking property of hot-recycled asphalt mixture[J].
Journal of Wuhan University of Technology: Trans-
portation Science and Engineering, 2008, 32 (6):
1029-1032.

SABAHFAR N.AHMED A,AZIZ S R, et al. Crack-
ing resistance evaluation of mixtures with high per-
centages of reclaimed asphalt pavement[J]. Journal of

Materials in Civil Engineering,2016,29(4) :06016022.
(F#% 51 70



