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Study on performance of WTR/APAO composite modified asphalt mixture

YIN Jian-wei ', XUE Bing®
(1. Zhengzhou City Highway Engineering Company,Zhengzhou 450001 ,Chinaj;
2. Henan Jiaoyuan Engineering Technology Group Co. , Ltd. ,Zhengzhou 450061 ,China)

Abstract: [ Purposes | The composite modified asphalt was applied to asphalt mixture to im-
prove the road performance of asphalt pavement, prolong its service life and enhance its
service level. [ Methods] The mix proportion of AC-13C asphalt mixture of 707 asphalt,
SBS modified asphalt, 15% WTR asphalt, 12% WTR+4% APAQO asphalt and 15% WTR
+4% APAO asphalt was designed. AC-13C asphalt mixtures of above five different as-
phalts were tested for high-temperature rutting resistance, low-temperature crack resist-
ance, water damage resistance, normal-temperature resilience modulus and fatigue resist-
ance. [Findings] The best oil-stone ratios of the five asphalt mixtures are 4. 6%, 5.0%,
5.1%, 5.1% and 5. 3%, respectively. 15% WTR-+4% APAO composite modified asphalt
mixture has the best performance of high-temperature, water stability and fatigue resist-
ance, 12% WTR-+4% APAO composite modified asphalt mixture has the best 25 ‘C de-
formation resistance, and SBS modified asphalt mixture has the best low-temperature crack-
ing resistance. [ Conclusions] WTR/APAO composite modified asphalt mixture has good
road performance and is suitable for high-grade asphalt pavement.

Key words: waste rubber powder; APAQ;aggregate gradation; oil-stone ratio; asphalt mix-

ture;road performance
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22 88 i il R S R 45 7K ST SR 5 e 3K ] 28
FrRBEMETERNER, 21 o Dok, & E A BHE &
P& AR I R B AR ., R E 2020
ARG, IR m A B S AR T Rk 15,5 1 km,
Wi I AT B R B R S B S TR AR
M T 32 0 F S 7 4% 45 F 25 70 8% 1 op 5% He 9]
AR 3G I, H Bl 5 A AR BR B 52 3l 5 Y 1
s JC R B G 0 A, R A Y I T T %
T R IR A T RRURA 1L Btk 2 A DA R T A I TR
FMHEARPEN B, TSGR B ]
PERE , 2E 27 3% 1S F 09 B, R AK S B 3R AR,
LAk SBS 2RI A W) K % 1H 8 15 I K (waste tire
rubber powder, WTR) &% ot 14 51 8% ) 1z Wi H 2 I
FIRARHTY, WTR MWW kst i 1.2 &
BARE T KR W R, TR E RS
WTR BEATHER, SR 5 FRAR U AW 1 B 0K 3
PoRAE R R TR WTR iAW 75 9 78 43 Bl i
LAT RN . RS B TR A R P R
B E Nt ek 2 kA . B WTR 25
W AEAEA G AEAE Sy B BT 10 ) 0, 38 T 10 7 %
T (14 Tl T X 2 (7 T Jo i xfe D AR IE . i fff WTR
ACPEW T R PERE AR E L AR F N E T
WTR &6 8CPEW & #4777 R R R 5.
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B UG A SR XA e 5 TR AR R 9T
HEATOEAL N R L O R IS AR I T TR A RE Y
PEBEIE T SBS et i rodERE . ok 1 AT AE S X [
AN WTR B 58847 845 . K Bl WTR i 5 72 1%
TEBTIT 2 HUK B E S B i I AR AT, e fE 4E
K& B HAER, A AR RS ol
B W) (amorphous poly alpha olefin, APAQO)
SeMERIXT WTR 5 F #5147 2 6 otk U255 ™
O O AR R W TR A R EAT OGS R,
PEFH TAR B I AC-13C 5 BRI , 43 %t 707
W .SBS Wi 15 % WTR M 12% WTR+4%
APAO Wi . 15 % WTR+4% APAO Wid 5 FiR
BORHHEAT R BT 4 B AR BT 2 Bk B M
9 95 45 Bk MR AT iU B 58, Sy WTR/APAO

S UUPE W T IR G R LR B Ry TR e
A

1 E#d

1.1 EEARMIS

HERAMPIE MRSk 707 A %, B 4R
FriE R AR A A, SRR TRH &
WMERSRHRE ML) JTG E20 —2011) 19 4H &
FE XTI 0B PR AT R I L S5 R LR 1,

F1 707 ARER LT FEMBIEAFXBLER

Table 1 Test results of basic indexes of 707 A

grade paving asphalt

3t 5 BARESR R
A BE(25 °C,100 .5 )/€0. 1 mm)  60~80 71
oAb/ C =46 52.5
FERE (15 em/min,5 C)/cm =100 126
A5 B (135 “C)/(Pa+ s) — 0.56

1.2 BRI

AW WTRLAPAO W Fh s v 5 %F 707
A YPGB AW AT, WTR b E = R 1H
AR 80 H i FL4r Tt 4% 8. 5 %0 F B AL
g b H A 0k KAy 6. 9% . R B 31. 3%, BR
S 46.8%0, & 0. 0420, BLAM MBI T 7. 8%
APAO M EEFWHE AR A BEHR 1.4 g/cm’,
WA R 295 °CLJ8 THE M A o i I8 F08 P A i 28
2385 UM PR R A AR AN 1A 1 TR

X

.L"

=

(a) WTR

(b) APAO
1 7 A Bk A 89 9L
Fig. 1 Appearance of the two modifiers
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UM A SBS I-D B AW et .
BRI R A R AR L, S ROA I TR
Wi KXW IRAEHAE AR )JTG E20—2011)
1) AF SR8 X 5 A S Ak A A AT R 5 R I
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FHEAM L E WTR/APAO 5 A P 5 & % A4 M 48 51 7 29

T2 SBSIDBEAMEMDFRBISIF RS
Table 2 Test results of basic indexes of SBS I-D

polymer modified asphalt

£33 WTREHEH FLAMIEIHFRELER
Table 3 Test results of basic indexes of WTR

modified asphalt

6 5 H TARZR LR

6 5 H TARZSR  KEma R

A BE(25 °C,100 g,5 5)/(0. 1 mm) 40~60 51
HAbri/C =60 68.5

FERE (5 cm/min,5 C)/cm =20 26
KA (25 °C)/ % =175 88
BB (135 °C)/(Pa» s) <3 2.32

FFABE(25 °C,100 g,5 5)/(0. 1 mm) 30~60 43
BAbs/C =60 78.5

FEJF (5 cm/min,5 °C)/cm =5 12
AR (25 C) /% =60 71

15 B (135 °C)/(Pa = s) - 3.76

1.4 WTR/APAO ¥ iEih &

MWL £, Y WTR 9B R 15% i,
WTR Wi 09 i P Re B L. BE4h, 120 WTR+
4% APAO o 15% WTR+4% APAO FifhE &L
P HF M AR P 5. WTR/APAO & A
PEWFH RN TR A 2 frs, 2 RO8 % H
BT R B IE ) (DG/TJ08 — 2109 — 2012) Xf
WTR/APAO & & oo vk Wi 75 1 3% il 45 B 08 17 46
W, 45 R W3k 3~4,

WTR/APAO &

x4 WTR/APAO E A hmE LI imREER
Table 4 Test results of basic indexes of WTR/APAO

composite modified asphalt

iR e 4
N AR
K5t 5 g 12%WTR+ 15%WTR+
4% APAO 4% APAO
FFAJE(25 °CL100 g,
30~60 11 38
5%)/(0.1 mm)
Ak s/ C =60 67.5 71.0
HEJF (5 cm/min,5 ‘C)/em =5 7 9
AR (25 °C)/ % =60 76 84
Fi B EE (180 C)/(Pa+s) 2~5 4.08 2.31

A=
(165«

5)C

N Ll 2 000 r/min%
DR ]

i+ 20 min

70° 4| A WTR]  [JIA APAO| | AEHEDIH
UL | ] I
£ 1
l TES0CAET, | [Feisocapir,| |fE 180 TR

L5 000 r/min
PR 2 L g T
Y] 60 min

> r/min 1Y% |

T, i1 000

W 4 FE 20
min, AR

2 WTR/APAO H &8 Wi # 4n iR A2
Fig. 2 Processing flow of WTR/APAO composite
modified asphalt

2 E&EITREAEREIKE

2.1 BE&ELiEt
ABFoE e AC-13C B RBC R IT 9, K

M E R R 10~15.5~10 Fl 3~5 mm A K
HIEA AE RN 0~3 mm B A K E LAY, I
WEA AT I S 200 0 3 o KL L AR B B R 1
B 5 = T B B /N T 11 D5 3 NG 5
E)JTG F40—2004) L3R . AC-13C #7 B BL
MBIt R LR 5, o, SR AL 2. 36 mm 1Y
WAt N 36. 0%, W R A KT 400 MR, 1
AC-13C # BB F. 707 W& .SBS . 15%
WTR ¥ % .12% WTR + 4% APAO i . 15%
WTR+4%APAO Wi 5 Fh i 1R A R B A
A1 L B BRI B S5 R L3k 6.

£S5 AC-13C FH A B &t 4R

Table 5 Design results of AC-13C aggregate gradation %

i3 B9 L (mm) (9 BT BT R

WAk %E
13.2 9.5 4.75

. 36 1.18 0.6 0.3 0.15 0.075

LR 100. 0 85.0 68.0
AC-13C TR 90.0  68.0 38.0
Bt 95.5  78.7 52.1

50.0 38.0 28.0 20.0 15.0 8.0

24.0 15.0 10.0 7.0 5.0 4.0
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Table 6 Optimal oil-stone ratio of different asphalt mixtures and Marshall test results

- A BEBME FER/ O ORHEBR RAE/ R/ WE/

f/ % XTEEE % /% % kN mm

07 BiE 4.6 2.441 4.97 15. 20 68. 5 10. 02 3.2

SBS Wi & 5.0 2.435 4.73 15. 40 69. 3 11.87 3.1

15% WTR i 5.1 2.433 4. 68 15. 60 70.2 11. 46 2.4

12% WTR+4 % APAO Wi 5.1 2.431 4.66 15.50 70.6 13.67 2.1

15 % WTR+4% APAO Wi & 5.3 2.428 4.49 5. 81 71.5 11. 98 2.3

2.2 BERBEER 2.3 [O#EE
FEE 21 T R A T T2 R )2 O R 7] e A 2 A S 0 O T R R Y S R 2

MR AT 238 3] 60 C LA 1. W I If & — Fh
BN SN JZ L DRI 1 v il R 7 0 i 2 ) 3 R A
FITR A% &t BRI AR T T 14 i, 3zl A0 AL
RS L A B A5 R U0 T O I g R AR RE R 22 Y
TERBE S L B BROR R E B R DL K G
IO 1R SR R AR E TR R A 8 O i
ABFFEEEH 60 °C & N RHOLE R DAY 5 AT
AR R YT A RE 1 SR 1AL 3 BR
g
6l
4l

20

[

"N PHH

N EE(x10° K -mm™)

QX
‘S\ \W ‘?‘ \5““ \5\ i
N\/b?‘? A(u/g?x

Wi Fhi 2

ol A “,\@
o

B3 60 CEAFRKBER

Fig. 3 Results of indoor rutting test at 60 ‘C

I 3 AT LLE .4 Fhelo v U & I Ak SBS.
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4% APAO B e FE I 45 R R “1~3 X
f) s Fa € BEAE T 2 800 K /mm” fyE SR, 1fij 707
DIFIREG B IR EE R el ~3 KAKT
1000 ¥/ mm” iR ;3% 4 Fhk v 5 IR & kL 50
BEERIRKE R 707 ME SRS T 2.7,
1.9.2.5 F1 3.5 fi5, e 8] WTR,APAO W Ff o o4
FILEZ DNSORITEES SN =R T Y G AR S T
L HA 15 % WTR+4% APAO B W 5 1 Ak
1) 1o ek 1 B SR AL .

T I 10 B T I 2 A HOR AR bR L SO T A R
SR ARIE i R R N 5 AR R EEAE SR AR . AT
i 1o 5 [ 25 M2 B K3 iy A 2 Hp o M Y 1]
PRI K PR SR ISR . 25 “CF 5 R
AR R 25 R a4 s

7,

0

W ; (TR A
B\ L oo wh (‘Q\ﬁ ff/ﬁm: o 6“/&?%
) M
NS GRS
N\/o?\? Au/g?‘v
JUREREIES

—_— N WA N
T

5] #LASE 5/ (x10° MPa)

B4 25 CHisfXpagR

Fig. 4 Results of indirect tensile test at 25 ‘C

d I 4 7T DL B, 707 W 0 ] R i BN,
42 237 MPa, SBS ##.15% WTR ¥ .12%
WTR+4%APAO Wid A 15% WTR+4 % APAO
Wi A FhECPED R GO [ SRR L 707 W
gy Bl B om T 49.7%. 131.2%. 192.6%
112. 1%, Hri 12% WTR+4 % APAO Bk I 75 18
AR Bl AT B K, ol 6 546 MPa, 5 707 i
FH G, SBS 10 7 171 3 A5 B 114 38 W AN K, 78 56 0o A
g & B SBS U H IR A B K 2 1 N 7 G 2 Y
K AR A2 W/ NF A s H WTR/APAO &A1
PRI T IR G RE K 32 19 N 7 5 25 1 R Y W) B, R AR
5 /N, R WTR/APAO & & st 1R
Ok 25 CHH PR TE BE I AR .
2.4 RIEMAEM

Wi X i B B U TEARIR R B R &
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F A5 M 3k http://cslgxbzk. csust. edu. en/cslgdxxbzk/home



#195% 18
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MR . 78 24T PR VKR X, 24 SR I 25 )2 P
14 25 R P E AR T DR 3 B2 A% Ak T 7= A 1 98 46 1 )
B W 6 vk 4 kAR Rk s R R Al ) 2
B QNSRRI DA A B 45 T B f L Btk 4 4k R K
ErEERE . AMRE — 10 CRIR/NRD
RISk PR AN 5 Fh U6 IR A R K IR B
fE LS PR L R KA N AR I I 25 R W 5~6
FiR .

101
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Fig. 5 Test results of bending tensile strength
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Fig. 6 Test results of maximum bending tensile strain
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IR RIEAe R SRR AL L I Sy R VA VA AT
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Fig. 7 Results of immersion Marshall test
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Fig. 8 Results of freeze-thaw splitting test
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PEWI 5 1R GBI 7K B BOR B BR A e BE K il B

2458 B8 o EE L A A BT Ok, Horp, 1506 WTR +
4/APAOE£U${F R 5 W, 43 il b 707
HHE T 14.6% M 17. 7% ;s WTR/APAO &
HIRA R KR EEHEET WIR Wi IRA
BhX FH 4% APAO BB AR IR & Bk FR
JE T e B o A R AR .
2.6 JEMERE
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X W 7 1R G B BEAT 2 97 1 50 R DF O 1 55 1R B ORHAY
PUwe o5 PERE . 158 B T A /N 2R 19 RSS2 380
mm X 50 mmX 63 mm, 5 FPidE RS EAE RN
LIS 9% 97 X g 25 SR WL 9 R,

70" i
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JpAREA
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Fig. 9 Results of fatigue test
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Wi 1R A B % 55 B KR . 707 W 7 1R 6 Y
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53 4 08
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Bl FH M RE R B 5T, 15 0 LR 4518

1) 4 ek I 5 1R A R s AR BE Y il 56 25
Bk 707 iE IR AR, Hd 15 WTR+4%
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FHIRA R PR B F 58 1 B0 T 707 3 U 5 IR
AR H AP 15U WTR+4% APAO Wi IR AR
A s TE R 7 e AR R, 15 % WTR 44 % APAO i
HIR AR E 57 B K. Wk, 159 WTR +
A0 APAO Wi IR A BHE H A 4 Fh i 1R A& A
A AR B IR PG R BRI E B o7 e .

2) 4 BRI T IR A R0 I 1] B RE L R

BHOFHERES 5 707 Wi IRA KA B E %,
Hrp L 12%WTR+4% APAO E45 MM H RS
B 25 CHUEIE e J1 5 AL . SBS I F 1R & B I%
TR IT 21 e fe
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