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PERERU AN FEFE bR . SUNAE LT R M REHLIE , il i
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DL B2 76k P 4 D A1 Tk 28 8 48 M 1) P E L A5 B AR
i R0 S I A% TN IR B B AR B A X R B T
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VER S50 il T AMB 14 B — i 1 0 0 25 0
hnsa 4, i RS i OB ) & R 48 RS 4 Tl 3
KONEREGERTE) MZESRBE. KR
T 4 e R U IR A R S0 - T W f Be At
F Y (styrene butadiene styrene, SBS) | J& & #  #f
JE VAR R R R R A AR e A IR
RUFESE IR FH 78 50 BAA AN - SBS SO R 1
YH-791 £k 78 SBS; J& Ji ¥y 2R I 80 H J& 1H #¢ Ji i
KL 38 285500 R A Tl RS I 5 39 2 500 R T 484 — W iR

BRALE Y, JC EHPIRBAAR ; 15 25 700 R 1 A it 2
v EE s BSUE SRR T RE PR ER 2R ) 5 B B i R
TOW s o BEAH RESE I il 4% 3 O eI T 2R AT P47
W, AN A48 R REAE i £ WA 1, R S, S, A
J KBRS, S, A E B,

ESWF NG SR IE S AOF £ 38 T 3
Table 1 Preparation formulation of sealants and fillers

with different dosage additives

WINFB L%

N HZ% B
s, S, S, s,

2% 1 SBS 4 6 6 9  RSBS 5
Ha 2 4 2 6 9 SBR 3
R bl 0 216 19 SMBH 7
i) 12 12 13 15 JBe 3 25
e A 14 14 18 18 90" Wi 100
T FH 7 7 8 8 - -

701 1 100 100 100 100 - -

R SBR A T A2 ML (styrene butadiene rubber)

TESCHRL6 ], AR i 4% fle i o T R 22
K, UL FE 20 AR R A i oy Ry R R TG B
JRIERL 3 Ay iliE T R AR AT T -10.-20
F1-30 ‘CHIHBIX ™,

K2 RREBELEREAKIF
Table 2 Technical indicators for different

sealants and fillers

K A /mm BALESC O FBIME/mm TR E %

-3 7R 30~70 >80 <5 >40

[ER/Eil 50~90 >80 <5 >40

JEFERL 70~150 >80 <5 >40
1.2 #&EITE

R PERRA N SR IMAFpEMB EAH
O, M HLIA 22 4l & T2 CAn iR B 5 U] 3R K
FU A T 458 ) s mat . SRR ek e
19 SBS | J& 5 by B e 5 700 M A I A i Jo 30 7 4k
30 min, ZE A AV M ], A3 2500800 Ky A T e [+
P 3k B D7) 3 R P R A A o P R VR
FAE = A AN RS2 0 o A 36 o) VEE 4 e il 4 T
ST TR AR KA E T
JEAF IR Rl LA TR BE Ry 135 °CL HERE 0.5 b
T HR I il T R F O R Ol R AR
180 °C) , [RIE i A SBS FIE 25551, #4515 £ 5 min.
FAE U Sy e 0 R 26 59) , B s
BRI PE S min , K 0 A N B R RS 2 BT DAY
PEAT BT U1, 35 U1 4 3 000 v/min, 55 V) I E A
165~185 °C, 8511 1.5 ho SR ¥ BT VT 4F (R S 7%
Z 0 BAGEAT AR EL, 43 EGE 2 R 5 000 r/min, 3L
TR R 165~185 °C, 431 30 min, FeJm B AL FRAF 1Y
FE 5B TR (GIRE 160 C)IE KA 0.5 h,
1.3 EHEEEIRE

BRI B 56 o 0V 4 R HE A B b
PR G BE A B A R A, B
BRI IEAT 3FATIR S 0
14 THERTRAE

BBR i S0 A 40010 77 S 0 S Ak 1% ek 4 T R
R B TR U AR M SRR . SR
BBR 255 %5 b 1 /0 2 a4 0 A7 D03t 3 Ao A% SR
K AE 2 B AR B S R AR 38 m, I I B Dl - 18
F-24 °C,
1.5 Z&MIRIEEELRE

AT G R FH B8 ) 22 R A2 R B s S BT VTR
AL FE 25 C T T LASIR S . Je H N 8 mm Ay I
T AT AR R Y 0.1~30.0 Hzo A RE
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Xt 4 A A B AE 163 TCRiE 5% W IR MEAR 24K 5 h
J B P A A ot AT 03K, o) 2 A T A A
T2 AR T H ASE A0 R A o B A U0 B TR A
TRy G Ay AT AR 4 R R W 4 P Y B e
I 59 B0 0 3 AR ASE f RN Bl 25 5T DDA e A R
03 VB 2 g 1 B 57 4 5 M
KR TRIE S B4 (viscoelastic continuum
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TES 8 a B 55 T RS H B, B AR 33
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(4)
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(B, — EL 1T 2000 3 7 A5 28 B0 A5 Ny AR 3k )
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C(t)=C,-C, (D))" (6)

s Co B 0.1% 2% [H] & 4R 19952 57 A -F G lsin O

MEBIE 5 €, C o LA R %, T 38 3 T Y
TR AR

lg(Cy - C(1)) =1g(C,) + C,+1g(D(r)) (7)

D (0) Ry Do R BT A5 . % g 440 1N

2022412 A
T 100 (AR T 20
3) A S B D,
1
D, =(C, - C,IC)" (8)

S €, W LR 4B O
&) ST RS R BB A

__Sf(D)
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5) Wids I IFPERES RN BT A Ky

N=A(y,, )" (10)

Koy, G E B ES R T 5 B R RN AR
B=2a,
1.6 FHEKRK

HRAE SCHR [ 12 1R E , A5k H] ND-1F A1 %
SEARIRTERE LA 5 R, VI 28 5 3 1 HAH 45
HI7E 10%~98% 2 [i] .,

2 RIEER

21 EHEgE

e 3 g IR Tk TR B 4 i E M e e 5 R
2R 3 AT R [R1B E VESE IS M R 22 S AR .
B AL (S, S,) HA R & M HE AR, (H R B AL s
L BB TF AN Tt /2 2K IR B fE4(S, . S,) BT A 45
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ah S, SRR LS, Z A L BT RIS . AR
THUHR AR R T LU R AR I 1Y, OF B 2 48 bR Z R A7
TEPERE B S, X A PERR 4 BT 2815 T & 2%
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W Uk MR 92 AR SCRI R =8 1853 43 B i i AT A
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1) i KMO(Kaiser-Meyer-Olkin ) 6 46 9% 4T
i PER S, 15 KMO fH45 F 0.621, KT 0.6, %
IR 4 TR I o =10 0 0 8

2) A ERST TR, LR 4, R4
AL — R Z, W TTER AR A 90.466% , 7% I 2R
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Iy Z, B BTRR RN 5.079%, 55— F R4 0T DIAE N AR
— E AN T A E B R, Z 0

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%195 % 44

FELF B A AR A R R & R AT R 155

X A 4R AE W) 4 L,=(0.969, -0.961,0.992, 0.908,
-0.922) , Z, Jir % B 19 ¥E AE m) & L= ( -0.144,
0.269,-0.003,0.339,-0.041) . M&—F 15
B ZVEAN BREER IR S AE B EOR (5 Bl eR
H e BRI I B E RS BRI

SRRV R I Sl (E 9 1 S Al BB g A i A
TS E 5 B s Z AR AE R — 20 s fE
B I TR 2 JSC A i Al T ) O T P A e AL i
F1 T 4 i O S fEL AR K, e, AR Bl i 5 A
TRE 5% g 1) e e R BE T 5 B

RI KBAELF AR R LR

Table 3 Routine performance test results for low-temperature sealants and fillers

i HEAFE /mm Ak wrc it S E/mm PPEYK R 1% FEFE(5 °C)/mm

% WEE ¥ W BE W M| el ¥E el M
90.3 82.4 2.90 47.7 278

S, 92.5 91.8 83.9 83.2 2.79 2.85 493 48.6 305 292
92.7 83.2 2.87 48.7 292
82.1 91.7 1.19 55.8 301

S, 83.6 82.5 91.2 92.1 1.30 1.28 54.2 55.2 293 303
81.8 93.5 1.34 55.5 314
96.8 79.3 5.79 65.8 275

S, 98.0 97.4 80.6 79.8 5.94 5.88 67.6 66.7 268 260
97.5 79.6 5.90 66.7 237
115.6 72.0 8.06 76.8 258

S, 117.5 116.0 71.2 715 8.20 8.14 75.7 76.1 241 245
114.8 71.4 8.15 75.9 237

HARZR 50~90 >80 <5 30~70 —

R4 FIEAATRKE

Table 4 Eigenvalue and contribution rate

Ty FHIEE TIRRE W /% St oTik R W%
7, 4.523 90.466 90.466
Z, 0.254 5.079 95.545
Z, 0.193 3.860 99.406
Z, 0.027 0.539 99.944
A 0.003 0.056 100.000

5

3) ZEATEM . HEE—  F R IR AE 1) B

L, L, X WA~ FE U3 1 5 25 DTBR A5 1 SR &4 R
7=0.9057,+0.051Z7, (11)

A 20 (LD TR AR B0 FE PR RE 2R & 15 47
G Z,==1.24, 2, =-2.12, Z, =0.80, Z, =2.63 , Ff
fin S, 1 PREL Z B fre K o DR Dy ™ 70 5 1 7 260 1Y)
FEARFE VR ERAN R, AR 32 B o014 e il | ™ 9€ 7Y
VEAE RS B INAE A . B S, B T8 bR B B 4 3 7 9
R ] 2 2% R AWE9E e FE RUESE RS MR . A
SCAG H A AV I TR R A I, DR I A A R 4 A

ik EE i EBE . A0 #1788, o
B &8 5 4l 7R ™ FE B T 0 T 5 AR AR 3R LA B
VRN 15 U S AR B BCR m o AR, A
il Sy S, IO T B0 (B2 A Tl A2 AV UL TR O % B R L
KGR AAR L g ) T IE R, AN BR T
JEEE il fiE A 3 B 43 T AR 3R R 3 A3 a0 AT 4
TG 455 25 FEAIR A 48 I IR R AR L IR % 57
o T e SR B A S
22 HIRES 4R
22,1 ZRMEHRIEE L

& 1 R AN [R) 8 0 70 45 ik 1 98 5% g 1 g — 1o A%
M2 &, i LR, BT YIRS 0~20% I, 45 59
I 359 BN [) R 3 ) sk i, 0 HO R S, R
FE LS o £ S B 55 YN 7 B AE AR WA, 7 20%
1) 7 A% i, LA R A A28 P, I ) (B T AN I
o FRES R BT YT iR BIEAE )T, 4E R — Bead
() %) v 0L T PR A I 208 T I, 35 5 90 Y B U
7735 B W J5 T R T U I 2R A i e 8
YRR K I ) 1 8 7 ) 7K L X R BRI SBS &
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2 53 25 22 ol S IR 245 Rk i, E SR RO i T
NS 52 B = 4 ST AR S5 481 % 57 M e
Eﬁ%o

25 [=S, 48,8, +8, ~(REMHS
B ™ o
2.0r (47.43,1.61)

JvEAl

/
Kt
(70.00,1.49)

5P 71/(10° MPa)

10 20 30 40 50 60 70
By YIRLAE /%

E1 AREGmAGZZHEERE -5 K&

Fig. 1 Siress-strain curves of sealants and fillers

with different dosage additives

1 2 g A [ 45 50 42 ) 0 2 T AR 161 1y 1 2
Pl o H 1 2 W B 5 U A % O A A A
R B RS . BTUINAE S 0~20% B, AR A
i A A B[R] B DR Sy AR A R F AL, S BT
AN TR P BE A K o 59 DD AE S 20% i, 25 A A
A A S R B T 4% i) 5 1k B4 3, BE A S, .8,
B S AE AR SR IG TN, FE i S8 TP R R MFE AL S,
BT B HAF R, WBRUORE & HE
AR N BNRHEF RN 2 S,.8,.8,.S,, K
SR LE T HAR 3R A . 502 th TR
S, S, B3 B MR Ik & B 2, IR R 2 i
RrZe s s, 565 7 b o0 e B o B i IR
I M W WA, 3 O T 00 A 0 R A 3 Y A
AN A ARG, T LA 3 JSUAE it R S 1) 286 2
K5 75 SBS 5 18 B 70 | R J A5 e LB K SR )
BB/ T AR BR S oy T R A
Yoy 5 2 6] 1) P9 2R T HI 55, G 25 AR B il
[E1) [0 AR 25 48 5 it 2 B3 45 B 1 0, R T s A
i 2 IR AR Z8 b R 1 B AR L B e, AT
oA IR M Ay B R U 5 ) B B R S K . R A
il 5 B PR A B, R A S, S BEPE IR DE , A 2
FERCR RN E2E SRR A . LR i TE AR
RGBS, B M RE B R B B LR

P 3 g A [R5 0 77045 50 1) 0 2 s 52 5 oy D)

m A E . 3Rl BE A 5 DTN AR 2
K, BRI BB/ . TERIIRN AR T B
fin S, B &2 BB VIR gk B T 3.15%10° MPa, FE
S, By BB UM A3 T 2.11x10° MPa, &2 $055 1)
AL R R 2 B JE 4% B B AR R E B BORR A S,
S, ke AR, P RE S, TS B R
S, 1S, 1) 42 H 8T IR B Y B R AE 2 1) 4 6.04%10°
H13.42x10° MPa, ¥£ i S, # 5 K & %00 Yy A i 2
FEM S, 19 9.2 /% , X K mB RS, .S, 1Mt
I HE F e AN AR B A S, .S, 1Y . BT 28 Ky
0~40% I} AKABHE4H S, .S, FY & B Yl A e i 0l B
28R BTN A8 R 40%~T0% I, 4% K 5 i sy
VISt e aF SRR TN
621
60
58+ .
56
s4p "
52F,) 4
S0 S
481

46 ¢

44 Il Il 1 Il 1 1 1
0 10 20 30 40 50 60 70
By YN AE /%

FAREFAI(C)

B2 R R AR 5 0GB SRR A A il 2%
Fig.2 Phase angle curves of sealants and fillers

with different dosage additives

SR YIRE/(10° MPa)

BTYIN AL %

3 FRAMANGZTHEERIL KT I ZT 0L
Fig.3 Complex shear modulus of sealants and fillers

with different dosage additives

222 PEGTETIPERE SN,
A 1.5 rg(1)~(10), 115845 3] VECD
RIS, LS
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#5 LASiKI VECD A7 At
Table 5 VECD model parameters in LAS

B i a A B C, c, D,
S, L1735  4.08x107  -347 0.8 039 33567
S, 1913 1.98x10°  -3.83  0.I1 034 396.05
S, L716  841x107  -343  0.05 044 472.29
S 1778 326x10°  -3.56  0.11 030  509.11

(&1 4 it 7 g ASTR) R 0350 48 1 T o 48 IR i)
WS F . S 4T, ARG 3 E i
THE B e 92 57 M BB ZZ IR AR TE 25 53, VBB A IS 4 % 55 'k
AE MK E/NHEFARIKON £ S,.5,.8,.S,0 Horp  BE i
S, B 9% 55 75 iy hy 3.84%10° UK, 4 il & BE A S, Tl AR
a S [ 8.5 A A 4.2 f% o KL S, 9% 55 F fw ol
2.81X10° YK, 43 B FE 5 S, FITER 5 S,/ 6.2 %5 A1 3.1
%o HUL AT A, B a0 RN 59 55 7% A SN
Ko LIRS, i), 76 AH ] 1 722 95 Bl L, 76 163 °C
e 2t T LA SR AR 5 W R T AR N AR
47.43% I 35 B W 7 WA, T A 2 AL AR i S, 1Y
F—H BB, 2m W B B 2 I R N
T WA A R 2 A I B R O PR R 0 fE
ol 350 43 e TR e A N (R SOR | B  NER
KL BRI R

W& 35 FF A/ (10° )

IREAE
El4 REFAN ST T RLIA R IR T F 5
Fig. 4 Fatigue life of sealants and fillers with

different dosage additives

23 (RiBREIERE

5 [ 2 R mE WF 5T 0F K (strategic highway
research program , SHRP) [ fiff 58 B SR A Ry, 24 55 A8
HR m>0.3 H 2 BERT I S<300 MPa B, i 75 il 241K
TPTRMEREEER o AR TRIIELRE T T 42 I Y 2 P A
/N I A S B R, 27 THE B I A B B R
JIv s IO /0N | T S A Sl R ) SR i | R S SRS A T

RIRPTAPERE LT LR . 7E—6 F1-12 “CH, f£ %
K BB R 4 FVE S e /N 1 1 0 o A A AL ek
R OFE-18 F1-24 CHFEMRLE R WK 6, FEo6n
SV T O IR B A L B 1, R R
s E A i Z [ A A R 22 5, 7E-18 °C
B, 25 F df 1 2h B A5E B s £ 1 SCiR [ 20 ] vp 78 7
ST P 90 7 B 5 AR B T 4 SR T 4 I AR R
FLAT , 1 3 B AS TR 93 1 4 e R S (IR TR BT S 1k e 4
U BENE L TR S o 75 2L
K6 EMBMAR AT
Table 6 Low temperature rheological properties of

different sealants and fillers

sy -18°C -24°C
S/MPa m S/MPa m
BT 348 0.215 - -
B S, 126 0.307 194 0.295
B S, 94 0.334 186 0.309
FEfh S, 63 0.316 135 0.294
FEALS, - - 97 0.282

FEn S, A2 i 5K, 7E-18 "CI I
KA A AN SR AR T BT A R
J738 3 HEAE RS B B 0 A I Sl R, X T R
JRAS R R AE B E . MELENE S, .S, AN S, =N FE A
TE-18 FI-24 CHH Y T %4 , SIKBmALS, .S,
AL, B S S, 005 A8 Sy BE AR I 35/, 10O 1 3 o
L AR R B R ] (A s el IR A
RE W) Z 0 BB AL, R WIMEIOR . fE-18 “CH,
WESE AR M S, .S, S, 1 05 AR 3 28 243l i m> 0.3,
TE-24 “CHY LA FE S S, R ZR . L2857 HT,
TE—18 F1-24 “CI , BE S S, B0 8 B — 0/, X
& B AR IR ) 1 A a5 {ELRE i S, 11 M L o o5 o L
JE ) B AR 2 7 A8 /0N IX R BHAE S, Bl 45 T BE 1 R
B, 1 B 018 10 7 08 st o 6 2R 9 A8 /0N 7 T IV g
R MELARA SR ST o 3 1 IS R 6% 1 v R 4
JE AR TR PR RE 5 R SR 45 1 ik 22 R 43
T £ SBS W 45 38 Wk 45 48, HASBE IR LA 301
b2 AZ B A 2 3 R A AU L 0 A A it R
FIREAR, B 1B 5 4 S, .S, 1 0 A8 ok R IR 4B 4
SS, HMK . AN, IR R B S S, S, T
Y5 2l N < £ S s ] SR =T
R BT RPERE B, 25 A i IR B R PR RE R =
FIMRHEF KRR -S, .S, .S, .S, SR I o
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24 ERFEMRE

(&1 5 FT 7 i AS TR) R 0 3510 48 i 8 48 e 1) A1 [
i RS AT AE 135 CCIF I 5 T 0 B
WY S AT T A Y, 3K 5 A S m R A AR G
R 700 7E e ek = 1B DR 7 A 0 T T R O T
i 29 JE 18 SBS AW 3 -4 ML 5 16 M B e AP
B A L SR Wy, 3k el 45 VEE A G 1) o Ak 3 () 235 4 T
FoOE A AUE T HELE IS BE RERE i e T W4k
JB ) B AT IR) 22, AR o A e e O A A R
FTAEY) BT, R RE AT, RE AT Ak 3 SBS R Bk 5
Wit Z (R AH PR L R T s T Vs K W i T
TR B2 48 Ry BURLAR RIS K, Al sl i
TR IR 2, 33 fof A5 4 5 0 3 R sl {0 R
1 HR 0 B 4% AR T 00 e TH 5K RN RE B L RE AL S,
ToHE SRR, SR R B A 3 A A e, e
U RE AT o

3.0r

2.5F

2.0F

1.5F

i/ (Pa-s)

1.0F

0.5H

0

IR
B 5 RE A 5E T R ey KA
Fig. 5 Brookfield viscosity of sealants and fillers

with different dosage additives

3

R T AR U AR B i AR T SR, R T AR
I 2% T 4% T R 1 5 e v BB S SR AT 43 AT L i
K FHHE A BE UL B s K 2R S A R 48 AR AN
TLAS TR AR % 57 1 AR AR BT R M RE 55 FR T AN W)
N TN R0 45 B 0T 75 8 A 5 1P B 1 5 e LA

F R 4 SR T, RE S, O R e e, (R
Sy S, B IE FH T FE ML X, B AL S, (S, 45 A T A IR
RIVE 2 IR AR bR ok . fELASIRIEG N, B E 4l
Sy S, BRI L AR N B DR B A5 4 bR A A48
WS, S, 1Y, YU 57 I RE 1858, il AR e

VER 2 o B ERG T, AR B 9 4% B AN 155 1B
B S, .S, FERL S, AES NGB A g if e 9
RIMELE AR 2 0 53 Oh AR WT T 4 B3 ) ) 8
T R R, U SRR T IR AS B Oy 12
PEAT B R, XA RSN GR 42 5 P SR A 4%
PERE AT AH DGR 23 Bt R 28 B A 2% 43 AT, £ ST AN [
FAR Z [H] IR AR

4 Hip

1) i 7 750V 4% i v SBS 3 25 B R K
JiE #3391 38 8 0 1 B AR 1B A B k6%
2% 2% . 12% . 14% 1 7%

2) I FH RS0 B ot {1 5L 28 % e %) i R
PEREHE bR e AT VPO, 45 1 4 A 4 51 20 A 15 2]
MR HE P AR UCH < s A VHE A BE Rk S RE T
SR R

3) LI BBR IR , 15 225 A R b 2
PERE H = BUR A HE P ARICA +S,.8, .S, .S, FE T 7 5
JEF VECD BEAY 15 31 &4 4098 55 754w ph e B4R
HIHEF RN +S,.8,.8,.S,, BRI FI B 598 55 F
Z B TC S0 538 A = R A R i 15 B A5 A
B EE T RE i B HE AR R S, .S, S5 8, T
Wits (HHESERCRERL S, .S, S, Z B A 22 AN R, &
LR T R S, R L IR RV S i

4) AR 5 A (0K Tk 8 6 2 e A 9 4R 0L T 5 ik
5 SRV AF W AR SO AL ER S M, I 20K i )
T3 A o B0 28 5 T R AT OW N FE 4y
B, DA 2B 3073 5 B 1T %) 4 FH 1 , BRI B 7 4

WA B A S A TR

(&% k)

(1] B4R B B0t 55 i R, JIRS T E R A

Rk 5 B2 RN I BE AR (D], R K S iR (H SRR i),
2019, 50(2): 460-465. DOI: 10.11817/j. issn. 1672-7207.
2019.02.027.
HUANG Tuo, QI Shuai, JJANG Haohao,et al.Stress and
stiffness characteristics of asphalt mixture under
uniaxial tensile stress state[]J]. Journal of Central South
University (Science and Technology), 2019, 50(2): 460—
465.D01:10.11817/j.issn.1672-7207.2019.02.027.

(2] BRI B EEAE KRR X R R I B TR Ak
PERERISZ R[] TP I T 24 A SR FH#R),2019,16
(4):57-63.D01:10.3969/j.issn.1672-9331.2019.04.008.

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%195 % 44

FHE D E I EARE R LR & RO AR AT R

159

(3]

(4]

[5]

6]

(7]

(8]

[9]

[10]

LYU Songtao,ZHANG Chao,FAN Xiyan,et al.The effect

of cement substituting mineral powder on the
performance of rubber asphalt mixture[J]. Journal of
Changsha University of Science & Technology (Natural
Science), 2019, 16(4): 57-63. DOI: 10.3969/j. issn.
1672-9331.2019.04.008.

JE A R Dyt Bl £1 30 A5 Ny /o 60 52 45 i SBS
W5 B VR BE 5 B PELBEL)] A VD B TR A A R (A R
Bl /7),2020,17(2):1-9.D01:10.3969/j.issn.1672-9331.
2020.02.002.

ZHOU Zhigang, CHEN Gonghong,ZHANG Hongbo,et al.
Performance and modification mechanism of SBS
composite modified asphalt by rubber powder/high
viscosity agent[J]. Journal of Changsha University of
Science & Technology (Natural Science), 2020,17(2):1-
9.D0I:10.3969/}.issn.1672-9331.2020.02.002.

LI F, DU Y, LI L. Viscoelastic

relaxation evaluation of pavement crack sealants at low

model and stress

temperature[J].Journal of Materials in Civil Engineering,
2017,29(9): 04017135. DOI: 10.1061/(ASCE)MT. 1943-
5533.0001982.

TR B IR G5 T TR R R RV S A
ARESR(J]. 22 3 3z i T A% 2 412,2009,9(2): 7-11. DOIL:
10.3321/j.issn:1671-1637.2009.02.002.

LI Feng, HUANG Songchang,XU Jian,et al.Performance
evaluation and technical requirement of sealant and
filler in asphalt pavement[J]. Journal of Traffic and
Transportation Engineering, 2009, 9(2): 7-11. DOI: 10.
3321/j.issn:1671-1637.2009.02.002.

BE 3 12 i A R S 9 B . S TR AR T R A -
JT/T 740—2009[S]. db 50 : A B 5 i i R #E , 2009.
Research Institute of Highway Ministry of Transport.
Rubber asphalt sealant and filler of pavement: JT/T 740—
2009[S].Beijing:China Communications Press,2009.
AL-QADI T L, DESSOUKY S, YANG S H. Linear
viscoelastic modeling for hot-poured crack sealants at
low temperature[J]. Journal Civil
Engineering, 2010, 22(10): 996-1004. DOI: 10.1061/
(ASCE)MT.1943-5533.0000101.

SUN Z L,LI S T, ZHANG ] H, et al. Adhesion of
bituminous crack sealants to aggregates using surface
energy theory[J]. Journal Civil
Engineering, 2020, 32(10): 04020299. DOI: 10.1061/
(ASCE)MT.1943-5533.0003406.

JEL G R Dyt B 2130 55 AR IR /SBS S B S A
P T R ] B Pk REBFSELT]. b1 AHT41.2021,35(6):
6093-6099.D01:10.11896/cldb.19110032.

ZHOU Zhigang, CHEN Gonghong,ZHANG Hongbo,et al.
Study on the preparation and properties of modified

of Materials in

of Materials in

asphalt by rubber powder/SBS and high viscosity
modifier composite[J]. Materials Reports, 2021, 35(6):
6093-6099.D01:10.11896/cldb.19110032.

CAO L P,YANG C,WANG W J],et al. Mechanical and
functional self-healing characteristics of hot-poured

crack sealant exploiting dynamic shear rheometer and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tensile tester[J].  Journal of

Transportation Engineering,Part B:Pavements,2021,147
(3):04021018.D0I:10.1061/JPEODX.0000273.
TAN Y Q, GUO M, CAO L P, et al. Performance

optimization of composite modified asphalt sealant

low-temperature

based on theological behavior[J]. Construction and
Building Materials, 2013, 47: 799-805. DOI: 10.1016/].
conbuildmat.2013.05.015.

AL 38 i RN BB E BT BE L N B AR
R AR 5 MR TG E20—2011[S]. b 5 AR A2 il
k2011

Research Institute of Highway Ministry of Transport.
Standard test methods of bitumen and bituminous
mixtures for highway engineering: JTG E20—2011[S].
Beijing:China Communications Press,2011.

WE 258 /AL A AR RESCE I 7 R RO A
SFPERE AT S 1], 2 S KL 27 41,2011, 14(5): 712-717.
DOI:10.3969/j.issn.1007-9629.2011.05.027.

YAO Hui, LI Liang, YANG Xiaoli, et al. Mechanics
performance research and microstructure analysis of
nanomaterials modified asphalt[J]. Journal of Building
Materials, 2011, 14(5): 712=717. DOI: 10.3969/]. issn.
1007-9629.2011.05.027.

2RO, 5K 7 B SR e i A e 2R A e O 7 R AR
TEASA YW TEN]. P Ah 2 B,2019,39(3):234-240.DO:
10.14048/j.issn.1671-2579.2019.03.049.

LI Xia,ZHANG Aiqin,ZHOU Xiaojing, et al.Orthogonal
experimental study on high temperature modified
asphalt joint sealant[J]. Journal of China & Foreign
Highway, 2019, 39(3): 234-240. DOI: 10.14048/j. issn.
1671-2579.2019.03.049.

SAfrh 4R R 5RO ZE AF T E UM TR I
I THT 238 S DR 4 R R RE AT AT (1. 2 % 5 38 k452 (1 FH 45
AR h),2019,15(1):115-117,128.DOL:CNKI:SUN:GLJJ.0.
2019-01-036.

MA Weizhong, L1 Liangying, ZHANG Xingjun, et al.
Evaluation of crack sealant and filler for asphalt
pavement performance based on principal component
analysis[J]. Journal of Highway and Transportation
Research and Development (Applied Technology
Edition), 2019, 15(1): 115-117, 128. DOI: CNKI: SUN:
GLJJ.0.2019-01-036.

TR . TR R I A A K 4 90 I A R 5
BERIFSTLT). A0 M7 ,2018,32(4):45-50.D01:10.3969/j.
issn.1006-7450.2018.04.010.

WANG Guan.Fatigue performance evaluation of asphalt
binders sweep test[J].
Petroleum Asphalt, 2018, 32(4): 45-50. DOI: 10.3969/j.
issn.1006-7450.2018.04.010.

Rz, XI55  SBS/ROR & & i i 75 T 53
J S ERETEAT I, o 1528 27 412, 2021,34(10):17-33.
DOI:10.3969/j.issn.1001-7372.2021.10.003.

SONG Liang, WANG Chaohui, SHU Cheng, et al.
Research progress and performance evaluation of SBS/

CR-modified asphalt[J]. China Journal of Highway and

based on linear amplitude

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



160 kI RFEFR(OE A FRKR) 20224 12 A

Transport, 2021, 34(10): 17-33. DOI: 10.3969/j. issn. powder contents[J]. Frontiers in Materials, 2021, 7:
1001-7372.2021.10.003. 622479.D01:10.3389/fmats.2020.622479.

[18] RASOOL R T,SONG P,WANG S F.Thermal analysis on [22] ZHANG W G, DING L T, JIA Z R. Design of
the interactions among asphalt modified with SBS and SBS-modified bitumen stabilizer powder based on the
different degraded tire rubber|J]. Construction and vulcanization mechanism[J].Applied Sciences,2018,8(3):
Building Materials, 2018, 182(10): 134-143. DOI: 10. 457. DOI:10.3390/app8030457.
1016/j.conbuildmat.2018.06.104. [23]  JrHE, B R A R O E U T A A

[19] ZHANG F, HU C B. Influence of aging on thermal A= I BAC 4k T2, 2017,37(1): 75-78. DOI: 10.16606/j.
behavior and characterization of SBR cnki.issn0253-4320.2017.01.017.
compound-modified asphalt[J]. Journal of Thermal FANG Binbin,ZHOU Jingjing,ZHAO Jigang,et al.Aging
Analysis and Calorimetry,2013,115(2):1211-1218.DOI: and regeneration of crumb rubber modified asphalt[J].
10.1007/s10973-013-3338-2. Modern Chemical Industry,2017,37(1): 75-78.DOI: 10.

[20] WALUBITA L F, FUENTES L, TANVIR H, et al. 16606/j.cnki.issn0253-4320.2017.01.017.

Correlating the asphalt-binder BBR test data to the [24] SIENKIEWICZ M, BORZEDOWSKA-LABUDA K,
HMA (ML-OT) fracture properties[J]. Journal of WOJTKIEWICZ A, et al. Development of methods
Materials in Civil Engineering, 2021, 33(9): 4021230. improving storage stability of bitumen modified with
DOI:10.1061/(ASCE)MT.1943-5533.0003866. ground tire rubber: a review[J]. Fuel Processing

[21] XUE H X,CAO Y B,LIU Q,et al.Stability evaluation and Technology, 2017, 159:272-279. DOI: 10.1016/j. fuproc.

mechanism of asphalts modified with various rubber 2017.01.049.

Research on preparation and performance of low—temperature asphalt
pavement of sealants and fillers

WEI Hui', DAI Yinhan'?, ZHANG Hu', ZHOU Yu', YAO Zeguang'

(1. School of Traffic and Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Guangxi Xinfazhan Communication Group Co., Ltd., Nanning 530022, China)

Abstract: [ Purposes] This paper aims to study the optimum content of each additive of low-temperature
sealants and fillers so as to prolong the service life of road effectively. [ Methods] Based on improving the
preparation process of seam filling glue, different content of sealants and fillings was incorporated and then
principal component analysis method was used to compare the result. The rheological, fatigue and cohesive
properties of the sealant were evaluated by low-temperature bending beam rheological test, linear amplitude
scanning test and viscosity test, respectively. Sebsequently, the optimum content of each additive of
low-temperature sealant was obtained. [ Findings] The optimum content of each additive of low-temperature
sealant was 6% styrene-butadiene block copolymer (SBS),2% compatibilizer,2% plasticizer, 12% waste rubber
powder,14% stabilizer and 7% tackifier. The conventional performance indicators were arranged in descending
order of importance as follows: flow value, cone penetration, softening point, ductility, and elastic recovery rate.
The fatigue life of the optimal amount of sealant and filling was 2.81x10° times. [ Conclusions ] There was no
consistency between additive content and fatigue life. The research results could provide a reference for studying
additive content and performance of low-temperature sealants and fills.

Key words: asphalt pavement; sealant and filler; principal component analysis; linear amplitude sweep test;

rheological property
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