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Influence of RAP Content on Performance of Micro-Surfacing Mixture

ZHANG Dabin' ,HUANG Jianhong’, YUE Aijun®’, LIN Yian’

(1. Guangxi Guitong Engineering Management Group Co. Ltd., Nanning, Gunagxi 530000, China; 2. Guangxi Jiaoke Engineering
Construction Co., Ltd., Nanning, Guangxi 530000, China; 3. School of Civil Engineering, Guilin University of
Technology, Guilin, Guangxi 541004, China)

Abstract: To evaluate the influence of different recycled asphalt pavement (RAP) content on the mix design
and performance of micro-surfacing mixtures, mixing tests and torque shear tests were conducted to assess their
workability. The mechanical and road performance were evaluated using load wheel tests, rutting tests, water
immersion Marshall tests, freeze-thaw splitting tensile tests, SCB tests, fatigue durability tests, and cohesion
tests. The study shows that, at the optimal asphalt-to-aggregate ratio, increasing RAP content leads to a decrease
in the optimal emulsified asphalt content of the recycled micro-surfacing mixture and a reduction in
workability. Correspondingly, the high-temperature rutting resistance, moisture damage resistance, and fatigue
durability all weaken, while the low-temperature cracking resistance first increases and then decreases. When
the RAP content is 50%, the moisture damage resistance of the recycled micro-surfacing mixture does not meet
specification requirements. When the RAP content is 40%, the low-temperature cracking resistance of the
recycled micro-surfacing mixture is optimal. When the curing time is extended to 80 minutes, the mechanical
properties of the micro-surfacing mixture with 40% RAP content meet the requirements for opening to traffic.
In summary, the micro-surfacing mixture with 40% RAP content exhibits excellent comprehensive performance
and is suitable for engineering application.
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Table 1 Technical specifications of SBS modified

emulsified asphalt

i H AL HARER S AE
i b ) Ay HE (1.18 mm 5 ) % <0.1 0.03
LT HL A FHESF(+) FHETF(+)
A HL R (E,5) 3~30 4.7
5% B W i % =60 65
T % >=97.5 105.5
B AJE(25°C,
0.1mm  40~100 60
R 55,100 g)
FERE(5°C,
) cm =20 34.8
5cm/min)
Ak C =57 60.3
R AT 1d T <1 0.6
FooE 5d C <5 3.1
1.2 RAP
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Table 2 Basic performance indicators of RAP

ok LRI RSl Hq; SCONfE BREDR
B ABE(25°C,
0.1 mm 48.6 40~100
55,100 g)
RAPHWIE  #EREF(15°C, )
cm 56.5 =20
5 cm/min)
Ak C 54.6 =53
LY AN =] % 17.5 <28
RAPHfYy  BF R R IBURL 5 % 7.5 <12
LA R % 14.4 <26
R AR BPN 46 >42

R3 RAPHIRAIEH LR
Table 3 Sieve analysis results of RAP before and after

extraction

i 2L F AL (nm) i B 205/ %%
9.5 4.75 2.36 1.18 0.6 0.3 0.150.075

i H

0~5 mmRAP 100 98.7 86.2 624 30.2 14.2 53 1.3

0~5 mmRAPH#i£/5 100 99.3 88.9 73.1 48.6 26.8 7.8 5.5
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Table 4 Basic technical specifications of coarse aggregate

i H LI B HARTR
W 7K % % 0.94 <2.0
IR % 11.5 <26
WIS AE % 9.5 <28
B ROIRBURL 2 % 8.7 <15
<<0.075 mm UKL 7 % 0.6 <1
5900 7 7 B A 5 =4
=5 WHEMEREARIER
Table 5 Basic technical specifications of fine aggregates
1 H oy B R HARE R
AR X %5 i 2.729 =26
b i % 84 =65
DA g/kg 0.96 <25
e A (il 3l ) $ 35 =30
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Table 6 Basic technical specifications of cement
i H A K e HORER
FEW % B g/cm’ 3.080 =25
I EE I ] min 305 =180
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Table 7 Mix proportions of micro-surfacing asphalt

mixtures with different RAP content kg/m’
0~5mm 0~3 mm 3~5mm 5~10 mm .
s I K
RAP KA LR MLk
30 35 40 14 1
40 25 20 14 1
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Figure 1 Synthetic gradation curves of micro-surfacing

mixtures with different RAP contents
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Table 8 Test results of optimal emulsified asphalt content

for recycled micro-surfacing mixture

kg | MHEEEI  REREDE/ R
(g-m ) (gem ®  FHE/Y
N-MS 547 384 12.5
30-MS 521 368 12.0
40-MS 509 351 11.0
50-MS 483 342 10.5
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Figure 2 Variation of 1 h wet wheel wear and load wheel sand adhesion with emulsified asphalt content
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Table 9 Mixing test results of recycled micro-surfacing

mixture

AHXF N-MS H-A: 1

A PRI )/ HARZR/
S e T VTS PRI
8 A 35

N-MS 125 —
30-MS 137 9.6

=120
40-MS 146 16.8
50-MS 153 22.4

2 9 T B A RAP 18 134 0, 4 T 3R b
TR A RE A FE R (] 52 3000 o 0 3% K 34, b N-MS
FEFIET B Ry 125 s, 1 2 L0 H R 25K 5 2 RAP 4
K E 30% . 40% F1 50 % B, P A AL TR A kR A
B 1] 43 ) 9 K 28 137 s.146 s Fl 153 s, #H 7 4 K i J&
SN 9.6% . 16.8% . 22.4% , oy M R 2 Ui
A RHEOR RAP 5 2L A6 7 W% 7 F 5 55 1845
WL T FRAL, S BUR A B B2 T R, RN FE R
IR [R] A Jr 4B
32 HEIRE

JI 52 FUHE A RAP AR TR AL TR 5 kL L 5 P
BRI Z A An o FHIR A R ALY P SORH I
TG, 0% E 505.705.90 5,120 5,150 5,170 s,
190 s #1210 s A~ [A] H A s 8] 6 B2 i 47300 o {4
FEAR T LA (0.3340.03) /s By 55 7 ) 3 300 i 1 e 5%
S I s AN [R] P A R] 3 6 1 S5 L R, K 56 4
R 3 R

30 - y=0.092 1x+4.931,R*=0.987 2

—e-y=0.075 4x+5.152,R*=0.981 2
o5l 4 ¥=0.053 Tx+4.671 ,R*=0.973 2
v y=0.041 7x+3.249,R*=0.983 8
N = N-MS
g 20F e 30-MS
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Figure 3 Twist shear test results of recycled micro-

surfacing mixture
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4 FAERARA RSN A

41 BHERRBTEME

AR S 3 ey S 00 R 4 RO 5 R 56 R [R] 45
RAP fRA RN R A B m i v BE o ffr 4 3 56 < 5l
S RE TR A R A4 0T 1 000 R R JE B 26 RS v B
K BE 7 Ak R RAEH: m I BT AR TE 8 7 5 42 B 3 ok ]
e B8 A AN 9 ) 45 RS S 300 mm X 300 mm X 40 mm
P, 7 60 “CHEIE PR 5 b i hin 0.7 MPa Y i 48 &
SRR HULAT A5 A AR T o I i R Y Bh AR E JE &
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Table 10 Rutting test results of recycled micro-surfacing mixture

- . F NS fr 3 b IE
A dﬂ%&mfﬁj{ AHX N Miiﬁiﬂ(%&i/w
(-mm ) HR R E W e/
N-MS 2 864 —
30-MS 2172 24.16
40-MS 1909 33.34
50-MS 1703 40.53

F11 BAEMRLEGEHRATRKRER
Table 11 Load wheel test results of recycled

micro-surfacing mixture

TR T A KR SR
A S SR/ WE/ T/ WREAL WER
mm mm mm mm  JER/% R/ %
N-MS 12.5 50.79 0.81 52.67 6.48 3.7
30-MS 12.6 49.92 1.34 51.97 10.63 4.1
40-MS 12.4 51.31 1.47 52.64 11.85 4.6
50-MS 12.3 50.37 1.56 53.19 12.68 5.3
HREOR S — — - — =50

10 8] %0 . 5 N-MS M H , F 4B R A0 1R A0k
30-MS. 40-MS. 50-MS ) 1 f& & 7 9 B& ik 1
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50-MS 7 Hi 5t AR JE R 50 53l O 4104 . 4.690.5.3%0,
HAPBA S0 RAP RERAN R A R E A 2 LB AR
BOR . L ERTRATAL B A 402 RAP I, FEAE SR A
AR SNSRI AR 1 P = 4 B
42 KIBEM

AR SR TR 7K T % 3 6 R R il B 2R T 7 3
PO AN F 2 B RAP R AN IR 5 B 2 K I E PR RE , =
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Table 12 Test results of water damage resistance of

recycled micro-surfacing mixture

i H Ml/ Mz/ Mo/ To/ Tl/ RTSR/
N
kN kN % MPa  MPa %

N-MS 11.76 11.50 97.79 0.72 0.69 95.83
30-MS 11.20 10.24 91.43 0.66 0.59 88.93

40-MS  10.98 9.77 88.98 0.62  0.52 83.37
50-MS  10.57 8.99 85.05 0.59  0.46 77.97
HORBR — — =85 — — =80

MR 0.5 h TR E B s M, R R I 48 h N AR E BE 5 M, o IR K i Bk
FRAOE B Ty i R VR A B S PTRE0R B 5 T, R 28 1 W il 9 B 244 40
PSR BE 5 Ry F9 VR RS S4BT R0 L .

2 12 77 0 - 7 AR S AR TR A R i B B AR
M, FIV il s 2450 $7 0 1 R B B % RAP B &=
BN 2T R, X R RN RAP & FHUR
AR -HDE RS S TR, 5
N-MS # o, 4= R AR A B 30-MS . 40-MS . 50-
MS ) 5 K 5% B 2 & B M, 53 5 B IR T 6.50% .
9.01% .13.03% , ¥ il B 24T 7 58 i Lb R 5390 T B
T 7.20% .13.00% .18.64% , H: i RAP $ &} 50%
B, o 3 b VR G RE R K ik B Ao B 4 3 A T BR A,
ViR Rl 8% 4 BT P 0 B LU AN T R VI R . £ BT IR
% 18 RAP (R AL IR & B R PTK 31 35 1 B8, RAP & A
HEAKRT40%,
43 RIRTREM

RIS — 10 °C, #2228 1 mm/min, i

it SCB {55 P A [7] 8 5 RAP P A 3 & AL IR 4k
AR IR A e P, A5 2R 3k 13 Fos o
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Table 13 Low-temperature crack resistance test results of
recycled micro-surfacing mixture

RARHEM  FUSRERIE/MPa #FRAE/10° ZERHE/MPa
N-MS 4.74 2728.2 17374
30-MS 4.38 2375.3 1844.0
40-MS 4.17 2164.6 1926.5
50-MS 3.84 2039.8 1897.2

H1 € 13 AT 0 7 A Tk 2 Ah TR A ek 2 i B R A
FEL R R 107 A% ¥ Bt 5 RAP 5 i A9 36 i 52 32 7 T [
BT B AR R T S S R, B
40% RAP B} ik 2 W, X £ 2 &K RAP B & 7F
0% ~40 % i}, H: 3% 1o 2 B 1H 0 75 475 BE 38 58 5 3 b IR
BRIBLETE  RAP B N 40%~50% W, B4 i # 4t
RERPIAY S RmE, SRR AT, Z
PN ST B, SRR 2 A R SRR
R TFREEHE . IR B RAP B MERGIRA
BHE TR RERCR R F ,40% B el 50% B i
HK,30% Bk E.
44 HMIEFSH A EEE

% 18 B P A R AL TR A R 20 T R RN 32 ) 3
e, R 85 U1 57 1190 07 o L AR RE . R g E
AN A RAP 8 it 5 3R A0 TR A 8 25 Bk 25 3R 32
(101.6 mm X 63.5 mm) , 7£ i 14 19 3t Al 05 B0 S8 i 14
5 )25 DL v LT o R, R B S A T 25 CCHE R
G RHEFR T R 48 ho BT Y1 55 1046 R HH UTM-100
A IR &R G0 L U6 R 0 25 °C L 3 il . 1 K F
790.1.,0.3.0.5.0.7, Jn 245 22 3% & Ay 10 Hz, i 56 45 1
WE 4 s o

—m-y=9 894.9x 7% R2=0.998 9

120 000
—e—y=5243.6x %%, R?=0.997 6
100 000 - —a—y=4348.5x "7 R?=0.997 4
—~y=3613.5x "*"° ,R?=0.997 8
K 80000f = 0-MS
= e 30-MS
= A 40-MS
e 60000f v 50-MS
R
= 40000}
20 000 |
0

0.1 02 03 04 05 06 0.7
N 17K
B4 BERRLREHRUESTHAERE
Figure 4 Fatigue resistance and durability of recycled

micro-surfacing mixture
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MS . 40-MS . 50-MS B9 57 i 43 B T 12.6 %0~
37.3% .24.5%~50.9% .28.7%~54.4% , H b 7 w5
N S1 K 0.7 44 F ,RAP B # i 40% , IR &5 K
% 57 77 A YOO IR R T 50%0 . R, AR TSR
AR Ak I TR DR N ik i A 5 T T S O R
TR A BHE & 42 0 ) AKSFAS 77 A2 9% 55 R, RAP #
EHAKT40%.

5 RAPAHAMEAENRAEH N FH4E

SR AR i A AR v R SR B B AR D Ik
Tl 3 A O i 52 T 9 AR o AR DR 25 CCRE L SR TN
£ 60 mm = B 10 mm A9 32 A 24T 26 3R 0l
B A 25 AR 3 R A5 AE 200 kPa, i 50 45
N 14 PR
R4 BERRLEAHEBALRER
Table 14 Cohesion test results of recycled micro-surfacing

mixture

AR FEBS ] (min) T RAP A iR A0 R 4k

H Aok
iR e S /(N - m)
30 40 50 60 80 100
N-MS 1.31 1.62 1.87 2.14 2.31 2.83
30-MS 1.02 1.39 1.71 1.88 2.22 2.71
40-MS 0.94 1.26 1.64 1.76 2.11 2.60
50-MS 0.81 1.11 1.49 1.63 1.97 2.38
FARTR =12 — — =2.0 — —

3% 14 A1 F2 47 8F ) 24 30 min ., 60 min B, F
A F AL TR A B 30-MS . 40-MS  50-MS %5 8 S R
AT A2 B R0 R IR R B i RS ) BER . Bl
SRR RE 0, AN R 48 B RAP R AN R & kY
B B, FE 5 aF 2 80 min, RAP f§ £ 4b
T4 B 30-MS 40-MS 19 6 7143 51 4 2.22 Nem |
2.11 Nem, g i /& 3 22 5K 09 F ik 28 38 25 14 (>2.0
N-m), i 38 hn 35 47 i 18] 2 100 min, RAP A= {3 55 4b
TR 50-MS 2558 /1 0 2.38 Nem, ik 2 T i 32 3 5
RK(>2.0N-m). % L Frid, {4 R A IR Ak T 72
N FH B BT R A SR B ) T) DL AR UE 2 2R ) e R
T 1 o

(1) HE R AR AR 1 h B FE A | 1T 46 36
Wh i K T A2 L 2 B B RAP 5 00 3 5 F F& s
OB A 30% .40% 50 % RAP 14 i % &b % A2 3L Ak
HHESHHR12.5%.12.0% .11.0% .10.5% .

(2) W% RAP 5 & 1935, # 4R G R AL IR & R
AL PE R ) A T 28 K, 4 AR R 522 B A 34, it T A
by tE T .

(3) B % RAP 5 & 03 m , A4 il % A0 TR &
(4 1o il B 2 AR TR R R L 0K T R B B O
IR BB AN W AT T A1 T 7 24 e e 1 s R AIG, I
LB A 40% RAP (9 330 3% A0 TR & R 0 6 F P Re A
R, R0 B AT o

(4) RAP LR AR A B 52 bR T8 1 A1, RAP
B A KT 400, H %30 0 0] N7 38 >4 1 i DL £2
AR TR AL IR A LR 3 T 3 B I 1 o

S % Uk :
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