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Preparation and performance of high performance grouting
sealant for asphalt pavement in humid and hot areas

FENG Xin-jun, LIANG Hui, PENG Cheng
(School of Traffic and Transportation Engineering, Changsha University of Science & Technology,
Changsha 410114, Hunan, China)

Abstract: In order to develop a high-performance grouting adhesive that suitable for asphalt
pavement in hot and humid areas and to improve the durability of asphalt pavement, SBS
polymer, waste rubber powder, bio-oil, sulfur and C, petroleum resin were used to modify
SK707 base asphalt, and based on the five-factors, four-levels orthogonal test, the flow value of

the grouting adhesive for asphalt pavements, the softening point, the 5 ‘C ductility, the taper
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degree and the elasticity of the elasticity of the restoration test were used as the evaluation
indexes. Polar deviation analysis and hierarchical analysis were used to investigate the effects of
SBS polymer dosage, waste rubber powder dosage, bio-oil dosage, sulfur dosage and C,
petroleum resin dosage on the technical indexes of asphalt pavement grouting adhesive, and to
determine the optimal mixing ratios of high-performance grouting adhesive for hot and humid
asphalt pavements. The construction and ease of high-performance grouting adhesive were
evaluated by Brinell rotational viscosity test, and the construction aging performance of high-
performance grouting adhesive and the aging performance in use process were evaluated by
simulated construction aging test and asphalt rotating film heating test (RTFOT), and the water
stability of high-performance grouting adhesive for hot and humid areas of asphalt pavements
were evaluated based on the freezing and thawing cyclic pullout test of the MTS universal testing
machine. The results show that hot and humid areas of asphalt pavement high-performance
grouting adhesive with the optimal ratio of SBS polymer dosage (mass fraction, the same below)
of 8%, powder dosage of 14 %, bio-oil dosage of 3% , sulfur dosage of 0. 2%, C, petroleum resin
dosage of 0%. Preparation of hot and humid areas of asphalt pavement high-performance grouting
adhesive conventional physical properties to meet the specification requirements, and the
softening point exceeds the specification requirements of 10.1 C, taper less than the specification
requirements of the maximum limit of 41. 1%, 5 ‘C elongation up to 32. 3 cm. elasticity recovery rate of
the specification range of close to the high value of the reasonable construction temperature of 182 C,
and has excellent aging resistance and water stability. 11 tabs, 5 figs, 24 refs.
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Tab. 1 Asphalt performance indexes requirements

Ei=fap HARTEIR |45
£ ABE(5 5,100 g.25 C)/0. 1 mm 60.0~80.0| 67.2
FERF(5 cm + min~!',15 C)/cm >=100.0 | >100.0
Hibri/C =>46.0 49.1
Nri/C =260 280
e % IS Jn BREHEF AL/ % >61.0 62.9
H(RTFOT) | FREIEREG em » min 1,15 C)/em|  >=15.0 78.3
e A S AR/ % <+0.8 0.2

K2 ERME SBS HEEIEIR

Tab.2 Performance indexes of rubber powder and SBS

RIS 6 b RN SBS & #5 I3 B
Ry % 7.09 || Gk 234
Gx A B/ 0.03 || #BEHL(S/B) 30/70
BN 33.23 || L A/ MPa 20
MBIz % 47.79 || BEEE CHBEG A) 76
SEGEIE Y 7.65 || JEENIERL (g ¢ 10 minT 1) 0.2
W7 40 3/ %% 575 ||/ (g em™?) 0. 86

£ 3 1030A B £ YR
Tab.3 Parameters of type 1030A bio-oil
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Tab. 4 Factors level of orthogonal test % Tab. 6 Orthogonal test results of hot sealant for asphalt pavement
KT B R B i oy WA/ | AL/ | ABE 5,100 g, | SRR |5 CHERE/
SBS | Heky | EMrw | Co BUMMAR | B mm C 25 C)/mm | &/ % cm
IKFE 1 4 10 3 0 0.05 1 1.3 76.2 5. 40 45.6 23.1
IKF 2 6 14 6 2 0.10 2 1.9 77.6 6.12 50.7 26.5
K3 8 18 9 4 0.15 3 2.5 78.5 6.16 64.8 27.4
IK 4 10 22 12 6 0. 20 4 3.2 78.3 7.18 61.0 28.1
®5 ORMOKAERESEETERERT RS R S 83.1 5. 37 64.1 | 33.3
Tab.5 Orthogonal test scheme of hot sealant for 6 0.1 84.3 4.01 53.5 26.3
asphalt pavement % 7 0.9 81.9 6. 30 64. 2 33.0
A 2 [ 8 | 0.4 85. 9 5.77 76.0 38.9
W s | mm | o i | Co 41T NG 9 | 0.2 96. 8 6.05 80.7 | 54.9
1 4 10 3 0.05 0 10 1.0 97.7 6. 60 85.1 54.1
2 4 14 6 0.10 2 11 2.0 104.7 2.90 63.8 28.5
3 4 18 9 0.15 4 12 1.2 106. 8 4.57 78.7 32.3
4 4 22 12 0. 20 6 13 0.8 99.0 6.12 84.6 59.2
5 6 10 6 0.15 6 14 0.2 100. 0 5. 34 79.7 50. 3
6 6 14 3 0. 20 4 15 0.0 109.0 4.28 77.6 43.4
7 6 18 12 0.05 2 16 0.0 111.0 3.27 66. 8 31.2
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Fig. 3 Range analysis results of orthogonal test of high performance sealant on asphalt pavement in hot and humid area

(4) Fifi 3 B RS 42 ek 9 18 o 98 5% 52 1) 3 8 (L S 16
KIG D AEGR R B R 0. 05% Fl 0. 2% B9 3 8h
{ELRFF 72 BT AT T2 P B 45 4 08 3 30 fEL 19 52 T A
AN BB R AR I A AL L5 CRERE VBT AJE
9 IR S A A 52 W 49 AN B A L s 2 TR D B A A
TEGE R 2R A2 E R AR T O 4 v LA A AR
TEE .

(SR Co A B 5 2 5 193 i 3h {5 —
L BTG R ZEE R 115 mm, £ Co Al
RIS R TSR ETE 60 C M T RIS TE e 7 K
R TN . Co A7 TR IR 42 o 0 T 4 T Y Ak A
5 CHERE VER A JE AR S R 04 5 Wi 2O B L 3%
B Co Ao RS I 6T 9 B2 JC 1) el A R 1 A TR E
YUY A BE 7 R0 R A BE 225 i 5 /)N | [R) Ip ade 2
i v T ) o AR D A T A e R T AR I
T AR HE LE I B R R Co ATl S B 4
2.2 HhERESHREERSERLHE

H T i 1 R T 4 i A A i P e [ R LK F
TR 56 A8 AR 82 22 1B o T LU R O T a0 B i 4%
07 58 1A fo A B T R i PR 3R R O L A A A%
IR DR 2R 1 B 445 SR 5 W ) RHE L B g 8 o
AR B PEATPERE S IE . A 156 R AT Origin 04 X
IE 2 B0 25 R HEAT 2 R 43 BT oK 5 e A TE 1L 2

YOI 20 28 19 DE SB[ 32K A3k 7 B
£7 BRAWEEZTHBREEKF

Tab.7 Hierarchical analysis method orthogonal test factor level
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Tab. 8 Influence weights of each factor level of high performance

grouting sealant for asphalt pavement in humid and hot areas

KT AR | JERE | SR A | TS ME [P |25 A AR
1 10.057 | 0.074 | 0.140 | 0.028 | 0.235 | 0.535
2 1 0.066 | 0.093|0.152 | 0.076 | 0.090 | 0.477
SBS
3 10.071]0.120 | 0.184 | 0.057 | 0.048 | 0.480
4 10.075]0.074 | 0.189 | 0.251 | 0.048 | 0.638
1 10.035]0.053]0.040 | 0.029 | 0.016 | 0.173
} 2 10.037 | 0.049 | 0.040 | 0.038 | 0.018 | 0.182
iy
3 10.041 ] 0.041 | 0.042 | 0.022 | 0.017 | 0.164
4 10.039]0.041 | 0.043 | 0.025| 0.015 | 0.162
1 10.161|0.055|0.031|0.041 | 0.171 | 0.460
2 10.123]0.069 | 0.031|0.028| 0.072 | 0.323
Wil
3 10.108 | 0.087 | 0.030 | 0.042 | 0.050 | 0.317
4 10.096 | 0.088|0.029 | 0.024 | 0.054 | 0.291
1 0.008 | 0.016 | 0.008 | 0.029 0.017 0.077
2 0.008 | 0.017 | 0.008 | 0.020 0.015 0.069
i i
3 0.008 | 0.016 | 0.008 | 0.019 0.014 0.066
4 |0.008|0.017 | 0.008 | 0.030 | 0.016 | 0.078
1 10.014 |0.024 | 0.004 | 0.084 | 0.023 | 0.149
Cofili| 2 |0.014 ] 0.022|0.004 | 0.075 | 0.031 | 0.147
B 3 10.015(0.022 |0.004 | 0.049 | 0.024 | 0.114
4 10.015]0.021 | 0.004 | 0.031 | 0.028 | 0.100

3 E{EREWIE

3.1 EAXRMRERIE
Ry T IR A DX T I T g M R T i 1
AVERE 4 BN I TR 7 S TR A R IR
FEYJTG E20—2011) F14 % I Jin #4789 5 4% e ) (JT/
T 740—2015) i L 19 5 6 B AR L & LU T A 4
i DX 90 i 5% 1 g P 4 M AT SR AR P RE A, U
AR NE 9 frn.
F9 BHEERERRERFZRIERER
Tab.9 Results of test indexes of best formula of

high temperature type grouting sealant

Eizton B ZE R R A
BAbgi/C =90.0 100. 1
5 CHERE /em 32.3
BN H/ mm <3.0 1.2
bR/ 30.0~70.0 69. 4
A BE(5 5,100 g,25 C)/0. 1 mm <70.0 41.2

H1 O AT 0 B DX 90 7 I T v P RE THE S T A
A RS AR L LR SOl LS 5K 10,1 €,
BEAEAR T R R B FRERY 41.100,5 CHEHE
I8 32,3 e SRR S S5 4 A0 LY SRV B Y i 1
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3.2 MIBRENBE

Jit T ek A 5 0 5 B T o A TR S B FH
il 14 O B R 22, il T U B 0 IR 4 5 B0 4 i 1 B
R AN Ty B N B SR RE I 0 7 TR A RHL B L 52
M) V4% Jo AT A A T B P 8 5 i TIRE &
HOHE L A Ty Ak I FLRRAR 1 &2 vk 3 1
Jitl T AR R S o BT O o T A R ) it TR
Jew mE R Origin 804X 55 1 A 7 4% I A
FG T 5 0 32 1 00 45 0 A 7 [ 5 0 BT 45 81 34 4% e 1) 6
T 2, 1 — 253 ok S 4y Ak BEAS 3 AR i 4k A Mk
RBEIR AR £ an i 4 FE S s

10

LIIR7
— WAl &
y=93388—15 235x+83x’—0.15x°

FiFE/(Pa -« s)

6r R’=0.996 8
4L
'\\\
~w—_
) L L L T~
150 160 170 180 190
HE/C

PRl 4 e i T 4 s 2 i o £

Fig. 4 High performance slotting adhesive temperature curve
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Fig.5 Differential curve of viscosity-temperature curve of

high performance sealant

Y &4 RIS AT LLUE Y, bl TR T e e
REE S BC R B — 5 T RE G e, (H 2 T R 110 3
SR /N o 756 i e Rk A e KR W sk /N L 21 182 C R
KB TR R R A IS AE 182 C ALY
Tk BE BB e /N . R T R T A R T A T
FHMERE , 25 42 I 45 2 h E B2 I 1Y 190 C A G 5% 3
JEMH AR ZLRIE BN 1~3 Pa « sV, fRHEE 5,5

PEREWE 5% I A2 182 C i ) A FQHE e B o 2. 438
Pa « s fEEORI B ML Z N 7R T 182 C
VR i 1 A 88 48 I 140 T 9L EE
3.3 mEAEEN

Xk BT AF A ) v P RE T 4 ML it 1o AR 2 AL
B T AR 22 AL L IF 43 50 %) & AL I J5 04 9 4% e b1
BHIEAT IR BN E AR R VBEARE IR (5 CIE
U [7] >R 28 Al 52 i 38 8 CGE AL R 5 2 AL A i
{H.Z OO 0 A7 28 Al %8 98 48 Jigd v R TR AE RE L DTSR P i A
PERE 5 W) 28 A5 R 2R B T 1. 3R W] S AR R i
TR bR B o IR A5 R AN SR 10 s .

R0 SHEEEREALRBRITEEERER

Tab. 10 Index results of sealant before and after aging test

- BERUIE T Ak | Bt R 1k

L L O e el L Ty (A
A/ C 100.1|101.3| 1.01 |105.5 1.05
WE{E/mm 1.2 | 1.1 0.92 1.0 0. 83
5 C4ERE/cm 32.3 | 32.1 0.99 26.3 0. 81

PR R/ X 69.4 | 66.3 | 0.95 | 56.2 0. 81
BB (5 5,100 g,
25 C)/0.1 mm

MR 10 AT LUA ), 28 T2 Ak A s 72 2 4k
Ji » i P BETE 4 I 1) A T0UIE RE 48 A 4T3 K i A2 KLY X
v ik 2 T A P ) SR L R W A A Y R AR DX 1 g
T HATIL R L E L PERE .

Jiti, T2 A I P e 2 T 40 £l v P R 4 i 1Y
oAk m T E L AR/ R3] 105.5 C L 2 ki &
Bl 1,05, Lot T Ak 2 m R KL 1. 01 Wy, X 2 i
J BRI [B] 0 U S A . AT E AR R R TR R A
IR KRR S SO LA KR IRy F SBS B fifk
B . 2 A S E A U B (B T R AIG L FL AR
R A S e R EGE F) 0. 83, R ZALREAL T
e PERERESE RS WU BN BE . 28t T2 A S I e 1k e
BE AT FEAE S AL A K o A R 0,99, 3%
B bt T 3o R T 9 2 I Y TR P BEPE RE R e R G
— WISk B R A A o P e A b e A Y A
A B JE B A, B A5 R B 0. 81, e
PR T o 2 Al 2 BT X R R % M P I TR T B
SUAE R 52 3R [0 42 S b RHZEAIRIROIR S T 52 T R R
WG RS A BE 7 B 0Lt T 3 Ak 0T o 4 Jie i) oo v R
AR /N AL I [ 8 o R 2 Ak B A AT
T HESE IR HE R R RE T o DL T A A
TG AL X 1w M RE W 4% I BH A B Y 52 i 24 85 /) L R W
e 1 R THE S IS Y 0 S W ik AR BB 32 B A2 A K

41.2 | 40.5 0.98 40.0 0.97
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3.4 KIBEMEEM

FE T R I Hb X, U T I T A 5 2 B K R
TL o 7K G XoT R 2 JGE 7R AP 1 552 Wi e A o 7 o 4 G 1Y)
IKFGE PEHEAT VR MY o X e P e T 4% I RN L BT U 43
AT ARG PR AT JS 25 C A 50 C i 4R o Ik
5 o R 5% B8 i B2 LU OV A i Pk R TR S R i BT K 0
BE 7. o T B VHE A I R L IO U 7 KRR PR i I A
k11 s,

F11 BHEEERKEEELRER

Tab. 11  Water stability test results of high performance sealant

25 CHidkam g 50 CHhrdkom
PERE | ORRLRT/ | R ARG /| Gk R R R AR/ | RS /| R R
MPa MPa H/ % MPa MPa H/ %

1.56 1.41 90. 4 0. 67 0.53 79.1

MF 1L AT RLE W AR ] — R 5T 28 Rl Ak 3
Je F o P T TR A MG A7 4 5 JRE ) S I L R BT IR K X
ey V' RETEE % JEE B BHI R A5 A AN R RE I . s 1 e T
B JIE 1A 437 AR B2 A FEE T e T AR ARG 3 ol T I
Thves i FC N TR A S A A AR AR T S L
5 B2 R AR VR RS B9 50 C 7 45 9 JEE AT 35 3
0.53 MPa, 5k B 5 B L3k 2 79. 120, £54 40 Bl
R o AR ST ] 14 T 24 52 A 6 A 3 o P i AR K B R
bR R AR BA LR GUKMERET G
IS T T 4 R M DX AR Sy B i 4 DA R

4 % iF

(1R SBS BE& Wy, Ky A= Wi i itk A1
Co AR g%t SK707 e 57 i F #6471 & G etk 38 ik
TE ARG 20 7 8 E 1 18 AR b DX 30 7 08 T e v 4
JE 1 e FE L A L - SBS 8 0 8005 IRy B it 14065 /F
Y4 | 300 B & 0. 2% Co 1 I W AR B
0%,

(2) T8 A H DX 30 7 3% T o 2k T T 4 Jd S A 2
0T e Yok 7R R B B 1 SR LR AL R R
K101 C, 8 A BEAR T 38 225K & & BR B Y
41.1%,5 ‘CHERF5E 32. 3 cm, B MK & R 8235 M 7E
BRI R 1

(3) 1 T 1, DX 30 7 1% TE v 2 e T 4 T L T
M 182 CLJf H B AL R bt & b M sE FUK 12
FE P T 2 A M DX T B T 2 G S R R R ) il

() AR SR 56 45 R AN HE 57 75 E 48 i =5 9l 30 1Y)
Serh b, J5 S 1w P B A I E SC PR TR P Y

JO7 P 3t — 25 56 UE G g I RE
Sk
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