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Abstract

Due to the impact of factors such as traffic loads and natural environments, asphalt pavements are
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susceptible to early cracking during their service life, which, in severe cases, can result in structural
damage and compromise the service life of the asphalt pavement. Composite modification of pilot
I-B type SBS modified asphalt was conducted using furfural extract oil (FEO), rubber powder (CR),
and organic montmorillonite (OMMT) to prepare asphalt pavement crack sealing material. A three-
factor, three-level orthogonal experiment was implemented, utilizing the softening point, cone pen-
etration, ductility at 5°C, density, viscosity, and elastic recovery of the sealing material as technical
indicators. The influence of the incorporation levels of FEO, CR, and OMMT on the performance of
the sealing material was analyzed through the range method, thereby determining the optimal mix
ratio for the sealing material. Lastly, its resistance to aging was evaluated through pressure aging
tests. The results indicated that the comprehensive performance of the sealing material was opti-
mal when using 3% FEO, 18% CR, and 2% OMMT.
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ESR SBS S0k 5 A et & S I il MR . IR MR RERVRE MRS A B, (EEAE IR BT 2 LR
B, TEERANE. il FUKSERER T 2 MBI %, 36 S EELE IR R 2 A 3L [8]-[10]. Tan 55K
BV - S R A E R S Y E SR, AR ROR . SBS Btk SBR SRR MINGIX 3 B AT
AR, BRI 25%EH . 5% SBS. 3% SBR Al 7%MINFFI Afc 155, H]4% IREAE IR B A4 BN
IRIRVERE[11]. SHT SR SBS. oKy BN AT CO Fii i Xt SR Bl d AT & A ek, @itk
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ASCR P REREH HH(FEO) BB (CR) R HLEE I L (OMMT)X HHAL-B B SBS i AT 5 &
DAY A4 997 7 6 T ES4 2 o B9 FEO CR Al OMMT 5 Boehi S4B PR RE SIS BP0 51 L N JE
SCHERE. B, FHIE. MMV ST HELR I (Ve R o
2. REHHS575E
2.1. R FEHR

Wits: HHiRI-B A SBS MEWITE, FHORTERRIE | B BB HUE(FEO), R4 WRHEATRA
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Table 1. Technical indicators of type I-B SBS modified asphalt
= 1. 1-B & SBS M B HAIEHR

fabr PSRER (] MR AE R IE
A (C) >50 74.1 T0606
£ NFE(25°C) (0.1 mm) 80~100 96.1 T0604
FEJF(5°C) (cm) >40 49 T0605
NE(C) >230 260.0 TO611
B (R IR (%) >99% 99.77% T0607
ERE15C) (g/em?) — 1.0338 T0603
JEEERGE(135°C) (pass) <3 1.14 T0619

Table 2. OMMT technical indicators
F 2. OMMT I ARIEFR

E{=tan M

A KA
KLEE/H 200
L (g/em?) 1.8
HERLE E (g/em?) <0.3
XRD (d001/nm) >2.6

2.2. WEERIE
HSERI-B SR EON 180°CHEAT I Rt IRAS, #AE R I B THRATIRIE 180°C RUINHAE

¥ FEO 2 i NBIWiEH, SebudBiY] 5 min 0 HG BIUIEZ 5000 r/min, S8R5 FZE12E5D) 25 min
FHSWHF RN, FEZE 1000 r/min; THEZE 190°C, 28N CR, 7£ 5000 r/min 5735 % R~ 5T
] 60 min, 78 CR 24 8IV145); RIGEEIAN OMMT, F94) 30 min, BI)i# & 5000 r/min; /5 {E

190°CHEAE T R T 2 h, I EEESEL .
2.3. REHFE

2.3.1. E3RAEET
T E AR LA HE, SEHL FEO. CR A1 OMMT # (5 R E0 %, FE)NEmE X,
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Table 3. Level of orthogonal experimental factors

= 3. EXHERERKF

EZRBHHREE

KF

FEO CR OMMT
K1 2% 16% 0
IKF 2 3% 18% 2%
KF3 4% 20% 3%

Table 4. Orthogonal experimental scheme
T4 EXRWHER

AN RS R

i
FEO CR OMMT
1 2% 16% 0
2 2% 18% 3%
3 2% 20% 2%
4 3% 16% 3%
5 3% 18% 2%
6 3% 20% 0
7 4% 16% 2%
8 4% 18% 0
9 4% 20% 3%

2.3.2. EMMERLE

WHE (AR TS MR SERREIAE) (TG E20—201 )Tk S A 5°CHE B RS . ik S
RAEFEAE R =R VERE, SCRERE RAEESE R IARIEERE . (7 Bk SCTREERE TR ARZNHER
FESENL, BDREERE 100 g ESEIRIE ALY, RGBT 190 CHAH | h #HATHREMN. )

MRAE (R T NAAYELE ) (JT/T 740—2024) i ATHEAN B B, R, MR, HEANER
IF 42 i AL S DI N RE 7, 206 R AAE ME S5 R P U 2 M ARt TR M, S K 5 SR R 4 s 11 s

N

>
[aYay

2.3.3. EhENHRE

FE AT T 52 (0 B FEIE A L 2 E L E 500 g, ARG K INFA M EAE I 1448 50 g + 0.5 g TENE LA,
B ON e G TR AR TP AT 5 h AL, A S R REAE TN R J1 & AAE R AT 20 h R )
2, R AT R ARG T AR IR NGB TP o 6 L8 BRI ESEIE  EAT Ak . STCHE
FEL CHENEE. WP B dMERERE, KPR AR E 1R,
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Figure 1. Pressure aging test

E 1. EhZARE

3. ER518
3.1. EXRRBERGIT 4

SRR ) 9 HAF B R AR BT A AL SCIERE. HENFE, W, R, SR,
WIGEE R UL 5 PR .

Table 5. Orthogonal test results of grouting adhesive
5. BBERIEZRER

WE LS (C) SCHEE(cm) HEAE(Q25C) (0.1 mm) ZFJF5C) (glem®)  FiE190°C) (pass)  FMEKE (%)

1 89.2 26 66.5 0.9716 1.87 404
2 94.4 25 46.7 0.9787 2.63 42.6
3 96.1 23 46.3 0.9807 3.90 53.2
4 89.8 30 62.8 0.9515 1.76 36.3
5 92.0 28 60.5 0.9579 2.34 40.1
6 95.3 26 52.6 0.9673 3.85 49.2
7 88.9 29 63.2 0.9832 1.62 35.6
8 91.5 26 61.1 0.9852 2.26 37.9
9 94.6 24 52.1 0.9892 3.79 423
100 I

90 —7 7 7 7 7 7 7 7 7 sl

80 7 7 7

L 60 § 20 7
fﬁ 40 g Br

30 - 10 L
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10 - T

o % A 72 W G4 Vi Vi a7z A 7

EXRD IEXR2 [ER3 EX4 ERS EXR6 EXT FR8 Fx9 A1 ER2 EAR3 ER4 ERS EX6 EXT EA8 EA9
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Figure 2. Orthogonal experimental test results

2. EIREMIA LR

0
IEXR1 ER2 IEX3 B4 EXS ER6 EXR7 EX8 EX9

(f) FAPEWRE

N T EM ARG R, K& IR I A I R B 4 R ] 2 o
R ZEE DT IEAC IR ER, & DR B SRRV REFE AR AT 45 R AN 6 R

Table 6. Range analysis of performance indicators of grouting adhesive by various factors

F* 6. BEREIEERMEIETRIREN TR

fabr &K FEO CR OMMT
ki 93.2 89.3 92.0
k2 924 92.6 92.3
WAk s/ C
ks 91.7 95.3 92.9
W2 R 1.5 6.0 0.9
ki 24.7 28.3 26.0
k> 28.0 26.3 26.7
5°CLEfE /em
ks 26.3 25.3 26.3
W2 R 3.3 3.0 0.7
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ki 53.2 64.2 60.1
k> 58.6 56.1 56.7
HEFE(25°C)/0.1 mm
ks 58.8 50.3 53.9
W2 R 5.6 14.1 6.2
ki 0.9770 0.9688 0.9747
o ko 0.9589 0.9739 0.9739
EE(15C) glem?
ks 0.9859 0.9791 0.9731
W2 R 0.027 0.0103 0.0016
ki 2.80 1.75 2.66
ko 2.65 2.41 2.62
FhiE(190°C)/pa-s
ks 2.56 3.85 2.73
W7 R 0.24 2.1 0.11
ki 45.4 37.4 425
) ko 419 40.2 43.0
MR E /%
ks 38.6 482 40.4
W2 R 6.8 10.8 2.6

B DA F EAZ R0 25 ST

(1) CR X %Ak s K, HkJ& FEO A1 OMMT, Bl CR > FEO > OMMT. Ffi# CR 58,
RESERE A s K, X2 CR TEIEMANR B i R Wi 7 9 75 R A 3R R AL oy, TR K 9 Jse
RORL S SBS E UG T H O A ELAC SR A R IR 25 44, DT 12 rm JHE 4% Je 1) vl M e

(2) FEO X} 5CIEFERm A K, HJE CR A1 OMMT, Bl FEO > CR > OMMT. [## FEO B & [
I, HE S I P 4 FE S35 B, X2 RN FEO RefB (it SBS ST A, (45 HEAEIR P AR T
REJode s T BEAG ROR BB IN,  HE SR (A B IR T B, X R D IRk RORL £ B S IR AE S P AR
AR, SRR R

(3) CR MH4fENE R K, HE OMMT Al FEO, B CR > OMMT > FEO. [fi# CR Al OMMT #%
BN, RESERIHENEIZET R, Hb CR BE B IRAE N R 3% FEO B =1
T2 A HE S s A N T B

(4) CR X &R ok, HKZ FEO #1 OMMT, B CR>FEO>OMMT. [fi# CR BEHHIN, ¥
SEIR IR IR N, X R NIRRT 5 5 7 43 F IR I YA AR R TR B, TR R W
WL 4hk, BT 2 F A2 3), Im3E R .

(5) CR X #PEWR R K, H K& FEO A1 OMMT, Bl CR>FEO >OMMT. [ifi# CR &3 N,
TELE IR I BRI ST IG N, 3K AR 1 4 5 B R B B, 152 7178 TV I ml e ik i B e e W A
REEE, Al A K IS B ROk RO 5 5 75 R IR 42 03 2E 43 T F L 2 I 48 2854, 45 K B G 1) v P A 75
(ARG 285 1 o

ZEE T, CRVEIKZJGS SBS TECUIEIG T U B ELAC SARIAC HRIR 251, R EAE IR T R 4
(P PE R AN E IR ME RE . OMMT MM NS ESE AR RS, [RIIN L 4 o /ESE IR M i tE R . LR HBA
IF) R 25 PO 5 MR FH 22355 280 o [T A2 Y 4 2 RV R AR RV A, 0 VRE 48 IR ) B AR L & LU : FEO 45 3%,
CR B & 18%. OMMT B & 2%.
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H R B TN B EAE ) (/T 740—2024) HUSE (k5077 Vo0t S HERL &5 Ll ) HE A IR AT B A Mk i
WK, G R 7 s .

Table 7. Results of performance indicators for the optimal mix proportion of grouting adhesive
7. BERRERSHEMEEERER

fatn PSRRI MR

HENJE(25°C) (0.1 mm) <70 60.5
FAHARE(25°C) (%) 30~70 40.1
ZHEE(190°C) (pars) 1~4 2.34
B (g/em?) <15 0.9579

A A(C) >90 92.0

M JEPERE(1907C) ‘ . i
SEDR L 0C, 50%, 3 {XfE¥, it biiibul

HI0E 7 TR, R A E I 45 Tk RE 41 b 250196 AL vt 2 HE I AU AR SR BOR VE 25K
3.3. B HIEEEITN

RELEFIE BRI 2 J5 2 32 SIS R ZORSOE AT E R OE A, R BRIERTT, SR~
H S HZ SO RE A AR, T EN & SBOEARE R B, NSRRI v REBEAT
PP 0 ASHIT ] HE SR M L R i E SR I AT I ) B AL SRR BRI AL, 20T A RS % U g
TEbras R 8 Fis.

Table 8. Performance indicators of sealant before and after aging

8. BURIEEERMEREIERER

St Fe 41 BALR(C) (zfﬁéﬂgmm) Fi%(190°C) (pa-s) (gi%;ﬁf) HE (g/em’) (Toﬁﬁfl?f)

I >90 <70 1~4 30~70 <15 KRVCIEZ Siiibus
AT RESE I CEAG T 92.0 60.5 234 40.1 0.9579 ik
ROFHIELE IR (B ) 95.3 50.1 2.56 375 0.9512 it
TSR CEALTD) 92.6 60.0 2.41 40.0 0.9821 piibul
MRS 97.5 42.1 2.78 31.0 0.9613 AdEid

HIZE 8 RIL, AHGI A RESE R E AL G 2 Ik R TR AR AL B, BP0 AL BIVEZER s T ARG 2 Ak
Ja B BHERETEAR R BN, HB)E B R REFE AR AN R MTEZOR,  IX R AT (O E LRI R A R AT
PLEIERE. OMMT S AL T E ML RERI R K 3K, 2R OMMT [ F R G MAEIE HE
AR JZRFERR, BHAGSE T AN R FEEUN THNBIE, SN R OMMT & )
RS PR Bt 2 A A e AR 1 B 2, e B A B R

4. 578

(1) XM FEO. CR A1 OMMT *fHi1-B % SBS o143 5 #EAT 5 A e il 25 W 77 B T E4& AR, d i
BRI AT e T IR s ERC A th: FEO B84 3%, CREBEN 18%, OMMT B8N 2%.
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(2) WA IR S5 R HT A A CR AT AR s SRR S PR B2 . REEANER AL i, B35 20

T HERAREYE: FEO FIINAELEREW 1 ELE I MR AE FEAVIRIR B0, 48 1 HARIEERE; OMMT 1Y
M AELE I B A RIFRITE e vERe, @A MR ZARMERR . B RSN, B T
HELEIR AL TERE -

(3) AW FIRELEIR H & R B (VR RS, BT S RESE IR HT Z ML RESRTT 4 30%, RENS A Rt

VSRR E AL, B HE ST 1 1 P 7 4
S5 3k
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