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Abstract: The application of waste rubber powder in asphalt modification technology can significantly improve
the road performance of asphalt and improve the recycling utilization of waste tires, which has brought
remarkable economic and social benefits in recent years. In view of the current situation that the content of
rubber powder in traditional rubber asphalt technology is generally low (usually no more than 20% ) , from the
point of view of rheological measurement, a comparative study on the road technical performance of asphalt
modified with large content of rubber powder (up to 50%) is carried out in laboratory. The frequency
scanning and multi-stress creep recover test on matrix asphalt and asphalts modified with different contents of
rubber powder are carried out by dynamic shear rheometer. The viscoelastic properties and high temperature
creep mechanical behavior of rubber powder modified asphalt are characterized systematically based on the
dynamic mechanical response analysis under different loading conditions and working conditions. The result
shows that (1) The addition of large content of rubber powder further significantly improved the elastic

composition of asphalt, and the storage modulus and loss modulus of asphalt increased with the increase of
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rubber powder content. (2) The dynamic shear modulus and phase angle master curves of asphalt are
constructed based on the time-temperature equivalence principle. In the low frequency zone ( high
temperature zone ) , the dynamic shear modulus of high content rubber powder modified asphalt is significantly
higher than that of ordinary rubber asphalt (20% content) , its phase angle is smaller than that of ordinary
rubber asphalt. While in the high frequency zone ( low temperature zone ), the difference of linear
viscoelastic indicator between high content rubber powder modified asphalt and ordinary rubber asphalt is
significantly reduced. (3) Under the condition of 0.1 kPa and 3.2 kPa creep stress, with the increase of
rubber powder content, the modified asphalt with 40% rubber powder content shows better anti-rutting
performance, and the viscoelastic properties and high temperature creep mechanical indicator of modified
asphalt with 50% rubber powder content are close to those of modified asphalt with 30% rubber powder

content.
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Tab.1 Technical indicators of modified asphalt with
different contents of rubber powder
70* AR B A5 B UM
BFHE 30%5E 40%iBE S0%i5E
FEABE (25°C, 55, 100g)/

EiL

76 41 42 45
(0.1 c¢m)
FERE (5°C, 5em/min)/ em 24 17 16 13
A (Trep)/ C 72 89.5 84.0 74.0
B/ C 0.5 1.0 2.0 2.5
WP (25 °C) /% 94 96 95 91

1 HEAL T (180 °C )/
(Pa - s)

1.27 3.02 2.13 3.39

5 C At B e K 1 /N — 102.8 91.3 77.6
[N& (coc)/ C 243 274 276 278
PG Z4%/°C 72~22  88~28  88~22  76~22

AT R PR DSR AT R, AR )
52 25 mm F1 8 mm, Hrr, 25 mm PATHAEEE T
Wi I (40 °C DL k), R -F A7 AR 18] B R
1 mm; 8 mm AT A T il (40 C
PITR), X RFATHRIBIEE 2 2 mm,

1.3 RWHE
1.3.1 MEAHIKE

AR AR T e R T 5 T R R ) 2 S B
FEAAR vk . MR — IR R, X R i
D)1 N )1 DA N VARG & ) PN R 1 7 W A R
HAT W PR R BTSN W Sh & s 2 g, A
WFFE A AR HE S T2 0. 1~ 100 rad/s, {5
TELEE M 10 CHR RGNS 70 °C, ARG 5T A AR JE
T HIRRE IR AR, 45 G R UR B RS
AR BE R A A4 1 B AT K2 R, A E) —
FAERWE LR MR S B IR i 4.
A WF 5% % H B9 Christensen-Anderson-Marasteanu
(CAM) J5#E R shasmia Eih& e e, B
RFIE AT
| G|
| G* 1= T (1)

[T+ (]
Ab, 16, | U W B SI VIR, AR5
10° Pa; m, k RIGRIEG SHG [ 0 KT I
M EIZ A B G SHG OB B, $i7a
(2) 5,

ST = XS, (2)
K, fRFPRMBIAR; & FIREMFE N T i

AR R T DA o Williams-Landel-Ferry ( WLF)
RLeE LA Oy BRI AR R, R AR L an
(3) B
D, - (T-T,)
lgp, == D, +(T-T,) (3)
b, TORTEAM B R T, 8 FEM&S %
D,, D, Jy WLF JFERHELG 280
AL B2, A5 2090 3 99 3 40 1l 50 A W] I
JETT AR AL RS DR T S BB A, Hol CAM A
BT 25 77 Sl AS AL A O (EL, K a0 DU A5 1 905
T Sl AR MR S I B R AT KL, RIA]
3 — SR RAE U R R AR Y 3l 25 2k
1.8.2 SHABETREIRE
Z v JIEAS PR 5 (Multiple Stress Creep Recover,
MSCR) {55, %I 7E sh &5 Ui 22 {X  ( Dynamic
Shear Rheometer, DSR) F5ER%, 46045 R REBUTHh
S W T bR i R A AOSE E UERE, E e
i T B A A0 5 DA B 0 bR IS o L R S R )
bt X525 0. 1 kPa 1 3. 2 kPa [ kA%
NI KPR AR FEAT B PO, AL S K- i AT
10 A JA1H, A JIAEEE 1 s BB R Befn 9 s (1)
BB, ARYR T 7 MSCR 356 v i i A0 1k 42 il 2%
g, IREARIKE RE (J,) FRE RT3
(R) 73 IRAEY T WG 2K PERE . 51> 23 ) 49
W R AT, FEPRITHR AT, BN T 4%
T 10 AGFREY R F T, ~F-BHEAE bR (E .
R:'}’p_'ym’ (4)
Y, ~ Yo
Jo=T 2 (5)

-
KB, oy, FEAINESE I N R AL 5y, AR
TSI 8% B AR 5y AT A5 B0 A 9 )
BANEAE s 7 R AR AR AL T

2 BMUERELRESES T

2.1 B#utthEEEEHE

BT AP SR B s A ), AR S B T AR
IR RN Sh A F i Heh i REAS 2 0 7 A4 R
HEMBNES I — o G RER R S Wb} Y 3
TR TR, AW RRE R BRI, Al BEAR HEBOKR,
BB L o sk B o3 MO, SRR R A2 R ) i
P ERER R S5 T A R IR PU e I B — &R
FEMHRZR o XEANIR K45 5 AR I 75 24T DSR4
SIS, JE S T U R RER i 2k




10

5
3R
St

PURERR T A Sh A 5T DI R AR

P 1 D Jitsy w1 9 7 R U G A AR A
ko PTRIE R, ATk B i e R o i
TT, FLAHREA IR B 0 5 f) 3 i S e
TEARIAIX. 70" KL BT 7 1 fff RER Bt IR IR, 40% ek 48
AR T AR A A f Ko AR T I A RE AR i
AR AR AR) L5 2 Jo 0 7 W A X0 O oo AR X
(renit) A AR 7 B4 i RE AL B (L 2 o T 2 s i
H, X RWIAREURL B I ASE I T A S A
gy, RmE TUIE R R E R . B RER T,
RAB RN O 75 10 A RE AR 4 S 28 T AR
BT (20%24) , HEEHBRSENE, e
B WAL AT N, B R AR, XA A
JeBCA RN, AR KN, 50% k& w8 K
Wi RO RHAERR 5 30% 4 1 7 Y At BB AR 2 (L
MR, —FHEIE SR RE A, I 40% I 58
BREAREERERBEE. X (Kik) fE
MR R, BT R R W T AR
T, PRIHOARE b 500 68 00 7 O A P 1 B TS A
AR N BN B, FEARIELAS T Ak S (1 5
TNFEASRE .7 Bt U i AR IR A PR RE

LEYOR 1 s, 20 C
1.E+06 |
<
% 1.E+04 |
lly S
K .:' 2 # i =
W O1LE02 | o 70 7]
se ° 20% il s
a 30% KB
1.LE+00 o 40% KiBHE
X 50% K5
1.E-02 .

1.0E-03 1.0E+00
PSR/ (rad-s )

1 AREHEMEEERE Lk

Fig. 1 Master curves of storage moduli of

1.0E-06 1.0E+03

different asphalts

PR R T DL B 4 38 58 728 £F 200 TR AREN
TR LR A0 E RPN RERE, AR R AL
BHEHURIERRE S, AT LATE— @ REBE B30 U & A4
BRI o7 Fe 1k, BABRLE B, RIAIH MR
OB TR BE o 181 2 J2 ok el 0 v A o 0
APAFERL & i<k, FTLAEH, NigRsE il d ik
SRR, DRI i 2 2 B i O R 1 3
TATSE TN o AEARAR X 707 3 J 30 75 114 B RS ek e 1K,
40% KKy 15 AR BE W 5 R BIFER i e K. 5 AR
HETTAEE , K45 b ) R U 75 ) A FE A 4

HoOR %396
1.E+08 }
SH S 20 C
1.E+06 |
<
&
]
1.LE+04 | o
= 0 70" HE T
g © 20% Y iH 5
LE+02 | A 30% K5
0 40% K5 &=
x 50% K5 =
1.E+00 .

1.0E-03 1.0E+00
B (rad-s)

B2 AEGBFHREREEHE

Fig. 2 Master curves of loss moduli of different asphalts
K, XATRER t TARIWURL A 18 Z 34 T 1 55 N T
KAEPEER LR, NI T 44 6 A 45 2% O A 4
SRERERL 1 AT SRR, 50% IR 15 EEAR I
T RIL A2 R 5 30% A 48 AR I I
MIF, “HB AR TS fERTIX 70" 55
WE R AR R i O 2l AR R 40 FE R
X IR RIURL 9 I ACKT Y. 2 5038 IR s 0 75 4 )
APTRE S5 Fr ik o A DX PR 3 Gl AR T8 7 1 i AR A
WMET KRB R B, 05 AR5 XA ] 1
&, EEBIE I S ORE R Ok vk I R 2 A
BN L, W AR B HUE 55 R 2R
TRBEER ST, B Bk 57 i i A BE 6 1%
SEPIH PRI IT REE ST, HeElR A N R
AP 57 BE 0 W20 T It ek e . SR
FAEE, TRt elovh 0 7 A 3 S 4 1) v 7 4 S 0
RIBVUITRAEST

LR T ARSI 75 1 B 25 0 )R i T 2 A
WLF ARSI 54 an 18 3 FE 4 s, shasy
DI T AL S A A A E T 38 B AR AR,
YONIIE 2R RO, R P4 3RE
ATER, EEBIX (i) 40% k8 B AR B I
T i 0 BB, R 7 AR R (E ]
MRTHA 4 MR T, W AR U 75 1 S B0 i
ENMR TR OB B o fEE AR (M
i) UG, AR 5 KB Bk i S U
MR E 22 5 B TR, AR B SAFERES.
X UER 58 AS R A L, KB R JROH B i
T RPUFRAE D PR THE MR I A A 2 o BeAt,
Bk iB X I B F R A RE R, &
YL, AR 7 S ROk B TR 5 1 i
TGN, 40% A5 15 AR 7 1) S BORE R (e D i
T 30% Bk B AR Wi H S AR o

1.0E-06 1.0E+03



%73 FEYE, & KB EB DI g B A PEsexT L5 11

LEYO8 T ssimpe. 20 C
o LE+06}
& —
| >
= &
= LE+04f 0 70" T &
7 © 20% N5 R ®
2 | pol 8 30% Kfp it

' 0 40% K5 H:
x 50% K5 x 50% K15
1.E+00 . . . 0 : - -
1.0E-06 1.0E-03 1.0E+00 1.0E+03 1.0E-06 1.0E-03 1.0E+00 1.0E+03

BEnH =/ (rad-s)
3 HBEYIREE ML

Fig. 3 Master curves of dynamic shear modulus
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