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Bonding Performance of Chip Seal Containing Waste Tire Rubber Particles
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Construction and Development Co., Ltd., Changsha, Hunan 410204, China; 3.School of Traffic & Transportation Engineering,

Changsha University of Science & Technology, Changsha, Hunan 410014, China)

Abstract: In order to promote the reuse of waste tires and reduce environmental pollution, chips were replaced
with the same volume of waste tire rubber particles to prepare a new rubber particle chip seal pavement. In
order to ensure the bonding between asphalt and aggregate of the rubber particle chip seal, the surface of
rubber particles was processed, and the texture characteristics of chip seal specimens with different aggregate
particle sizes and rubber content were evaluated. The five indexes of rubber particle content, aggregate particle
size ratio, shedding rate, structural depth, and pendulum friction coefficient were correlated and evaluated by
SPSS, and the MMLS3 test was conducted to simulate the driving load, so as to explore the influence of external
water temperature on the bonding strength. The results show that the rubber particles pre-coated with 1.5% hot
asphalt can effectively improve the aggregate shedding of the chip seal. The shedding rate and structural depth will
increase with the increase in particle size in the range of 7.1-9.5 mm and rubber particle ratio. The pendulum
friction coefficient shows the opposite trend with the increase in rubber particle content. The influence of low-
temperature single factor on the aggregate shedding of the chip seal is greater than that of high temperature and
water immersion, while water-temperature coupling will aggravate the looseness of aggregates. Overall, in order
to ensure that the chip seal aggregate and asphalt have good bonding strength, the rubber particle content and the
amount of hot asphalt for coating should not exceed 50.0% and 1.5%, respectively.
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Table 1 Technical performance of emulsified asphalt

HARSE R A FERER ﬁw

e L3 Pegdafrhgd g

i I 5% B 4 (1.18 mm ) % <0.10 0.08
AR E R T Cos s 8~25 23
B % =50 51
BFABE(25°C,55,100 g) 0.1mm  40~120 60
HERE(5C) cm =20 25
AL C =50 68

ML B0 B B A, 22 TR =>2/3 >2/3
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Table 2 Technical performance of limestone

RN oAU L FERER S
JEREAE % <6 23.8

AL R4 % <28 17.45

RN % <15 14.04

A BB A B T kg/m* — 1254
i1 % =4 5
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Table 3 Technical performance of rubber particles
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K5y % 4.5 <10.0
BB % 51.0 =>48.0
7 TR i 11 4 % 8.0 <14.0
21 4 % 0.5 <1.0
KR % 0.6 <1.0
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Figure 1 Limestone pre-coating under different

asphalt amounts
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Table 4 Design of different particle sizes and

rubber contents

. HERPRLAR TR 7 L/ Y ENGE RN A

s 4.75~71mm  7.1~9.5mm A Fk EeE:
1 100 100

2 25 75
A3 100 0 50 50
4 75 25

5 100 0

1 0 100

2 25 75

B 3 75 25 50 50
4 75 25

5 100 0

1 0 100

2 25 75

C 3 50 50 50 50
4 75 25

5 100 0

1 0 100

2 25 75

D 3 25 75 50 50
4 75 25

5 100 0

1 0 100

2 25 75

E 3 0 100 50 50
4 75 25

5 100 0
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Figure 2 Determination of bonding force
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Figure 4 Determination of structural depth of pavement
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Table 5 Temperature correction value

i) /C i B2 45 1F R i) /C i B2 45 1F R
0 6 25 2
5 4 30 3
10 3 35 5
15 1 40 7
20 0
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Figure 5 Determination of pendulum friction coefficient
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Figure 6 MMLS3 test
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Table 6 Rubber particles and PCR bonding force
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Figure 7 Change curve of bonding force between

rubber particles and PCR
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Figure 8 Aggregate shedding rate in sweep brush test
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Figure 9 Shedding rate reduction of pre-coated chip seal in

terms of percentage points (particle size of 7.1-9.5 mm)

i 8.9 A . 7.1~9.5 mm ki A2 B9 B K H A
50% HE AN ZE 100 %6 B, P B3 ARG 1 19.66 %6, 3%
BB 7.1~9.5 mm R0 AR 2 RHAY 5 bE 2 0 A
B I 2 B R R v 5 M R AR, AT A G 7 R 4
o it 2 TG A BGRB8 9 R B
ZHEIN, AR ORL Y ol 259 .50% .75 %, IV
BN 6~T7 AT 43 a5 X AR AU 1Y) TS 7 b B S L A
BT IR A BUAR e UKL & B 0 7 SR AR 3~5 4 4y
A H YA BURE 5 EE 10096 I S 2 5 7 R A R
i 15N H 43 i o 3 PR A It 7 3 LA 41 il i A 5T R

A& R PEH 48 A T A BT AR R O T G IR T A
b, R S5 T AR AN 1 B 7 R 45 R K
23 RELE
231 MERE
Sk VS WA R 3 SRR 1 R T R vk
IR BRI 4R 9 0.15~0.30 mm B9 4 & 7, F 1
SRR R A AR S L, R
REAFHA DR, F—al 03 B
(L, W00 A5 A Ay b )2 3 3 T A T S 0 R A R R 45
R0,
6
S| o COm

4+

H49 38 PR i /mm

O. o
12345 12345 12345 12345 12345
A B C D E

E10 AERGHERE Dy
Figure 10 Structural depth D, of different specimens
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Figure 11 Pendulum friction coefficient of

different specimens

457 N
W Bk o5 L /%
40t 50
—25
w 33 =50
& 3.0 —==75
fm —=-100
&€ 25
¥
20[.
1.57
1.0 ‘ ‘ ‘
25 50 75 100
I kL 5 /%

E12 MRBHEEZEXEBRRH KA N 7.1~9.5mm)
Figure 12 Pendulum friction coefficient of pre-coated chip
seal (particle size of 7.1-9.5 mm)
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Table 7 Jarque-Bera test

HR x df p1E
4.75~7.1 mm Bife 4 3.169 2 0.214
Bt % = 1.247 2 0.545
R R A 3.635 2 0.171
I R A5 2.617 2 0.245

T 1 TR 2.043 2 0.356
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BHEVE, 7] DIPEAT Pearson AH I PE 4 #T, 45 5 L 36 8.

%8 PearsonfAX S

Table 8 Pearson correlation analysis
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75 » . Bikx »
Bt B W BR
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1.000
R 7 H
R UKL 15 4k 0.000 1.000
Jit V& 2 —0.491" 0.692  1.000
Fay 3t R i —0.797" 0.572"  0.8217 1.000
EREEZE  —0.7177  —05767 —0.021 0.232  1.000

e LRl It 5% 1% W E MK

26 S AT 4.75~7.1 mm i 5 kb 45 13 ot EE 4
E QN B R S S i SO
4.75~7.1 mm R AR 5 b, VR R M i TR S 1 R
PR RO BRSO R PR 8 5 5 T R A 1
TRIE 0 EAR OGN BE I R BUFIE A OCOC &R,
BRI R 45 1 00 380 25 3 R A B 2 R RN BT
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Figure 13 Aggregate retention rate of rubber particle chip seal at different temperatures
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Figure 14 Aggregate retention rate of rubber particle chip seal under different soaking time



% 4 MR, S B BRI B 3 R R 135
100 . 100 . 100 o
A A 5 /% A A 5 /% G R 5 H /%
951 W —0 =75 95+ —0 =75 951 —=0 -=-75
X L N, v 25 =100 c\\° L v-25 =100 °\\° L »-25 =100
o 90 \ \+50 e %0 . =50 oy %0 —~=50
& 85 \ & 85 \ & 85
® 30 S = %0 o = 30 5
i 75t \f i 75t \g i 75t \
70t - 70} . 70} \"
esb— 65— osb—r
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Fif ] /min i ] /min ][] /min
(a) 6h (b) 12h (c) 48h
E15 ZERE-10C . AREBXEHTEHERENBEEHEERRITE
Figure 15 Aggregate retention rate of rubber particle chip seal at —10 °C under different soaking conditions
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Figure 16 Aggregate retention rate of rubber particle chip seal at 25 °C under different soaking conditions
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Figure 17 Aggregate retention rate of rubber particle chip seal at 50 °C under different soaking conditions
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