$55% H10M TR XK FFR (T F R) Vol. 55 No. 10
2025 4% 10 J Journal of Jilin University (Engineering and Technology Edition) Oct. 2025

T R DX e T I A M i

I AU MRALVKRERL,BERER R RLANFM

(1. KETI SR ATE%YR, ¥4 130012;2. THL XBR¥2HF X P, A& 130012)

W EAENAELRTNEAASS L BT EN K E MRS R RENE LRSS
MR E R KB EFNIAR,FRABR-TOPSISA & F ik , MATERTEAR B HFHR
HHREARTHEMEENERTINER ., REERXN . ENEMEENELMEEREKREF
B H AR B 90% .30% , K Hi b 5 By HE N B b R 45 B MR B R B A AR 2 B 8 50%
F0 20 %% 5 45 B Bk E B9 AT AR A 190 CCHE B 1~3 Pa-s, E NE E M ATHE X 5 em, i K5 #
4 o o KR T 18 R A7 3 M ARV A 0.06 MPa(-30 °C) Fr 0.03 MPa(-20 °C), T % Bk 18 31 5 th JE 4
J& Bk M F7 3 0 AR o A 0.03 MPa( =30 °C)#2 0.025 MPa(-20 °C) ; 5k Al % AL-TOPSIS 3 F X 7 LL
HAMBHAERELT BT URFEEN AN INERLTLEAMANMBELRANRS . KXHAR
BT R B A AR B R R R W AOME AT A K, O B X 4 IROME BE T M RO TR (53T $R B A
R R &

KW F R X ;0 F 8\ ;4 AR B A -TOPSIS;; i it 48 A&

mESES U414 XEAREH.A  XEHS.1671-5497(2025)10-3228-14
DOI:10. 13229/j. cnki. jdxbgxb. 20240876

Experiment on performance of asphalt pavement grouting

adhesive in seasonal frozen zone

WANG Wei'?*, HE Rong-sen', CHEN Zhi-guo®, SHI Jia-le',XU Liang',SUN Yan—nan’
(1. School of Civil Engineering, Changchun Institute of Technology, Changchun 130012, China; 2. Jilin Provincial
Transport Scientific Research Institute, Changchun 130012, China)

Abstract: This study builds on existing evaluation criteria by introducing additional indicators, including
cone penetration ratio, compression elastic recovery rate, and low—temperature tensile strength, which are
assessed through short—term and long—term aging tests. An evaluation model tailored to the performance of
sealants in seasonally frozen asphalt pavements is developed using the entropy weight-TOPSIS method.
The experimental results indicate the following: After short-term aging, the control standards for cone
penetration ratio and compression elastic recovery rate are 90% and 30% , respectively, whereas after long—
term aging, these standards decrease to 50% and 20%. The evaluation criteria for sealant viscosity are 1-3
Pa-s at 190 °C, with a grouting depth of 5 cm. The low—temperature tensile stress evaluation criteria for
sealants after immersion are 0.06 MPa at =30 °C and 0.03 MPa at 20 °C, while the adhesion strength after
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freeze—thaw cycles is 0.03 MPa at =30 °C and 0.025 MPa at =20 “C. The entropy weight-"TOPSIS method

not only determines whether the sample meets qualification standards but also provides a comprehensive

assessment of its quality across multiple indicators. These findings contribute to improving the application

efficiency and durability evaluation of sealant materials, offering supplementary data for performance

assessment and specification updates in cold regions.

Key words: seasonal [reezing zone; asphalt pavement; grouting material; entropy weight TOPSIS;

evaluating indicator
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Table 1 Basic parameters of heating type sealant

FEA G A A FEA B FEAC FEAD FEAE FEAF ARG A H
LAY ORI
[C2ViEN S
T R/ C —30 —30 —30 —30 —20 —20 —20 —20
HEABE/0.1 mm 110.0~120.0 115.0~120.0 120.0~125.0 115.0~125.0 85.0~95.0 75.0~85.0 90.0~95.0 80.0~90.0
A/ C 86~90 80~88 85~95 90~95 87~92 85~90 92~98 88~94
JE 45 SRR S 2R % 45~50 40~45 35~40 45~50 30~35 30~40 45~50 35~40
i3l 4/ mm 1.5~2 0 1~1.5 0 0 0 0~0.5
i R JT/T740—2015

DA R AR il T B 22 4008 3 8l M B T 4 I A
e R TR B RS T R A P BB L 455 L fib
SiR JEE R T 286 BRE 0, P T O A A AR R A% F
TR T AEERE

(@) FFFERB () UTM-10077 B IRIBHL (DIRR B IR
E1 E#iwme
Fig.1 Basic experiment
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Fig. 2 Testing process for depth of sealant filling



% 10 #1

I B, E.FARBERGOELIR AR KE - 3231 -

(DHBEKBEERE. B TERXLERS
FE,REMTS KSR ER AR B, S35
R R SN RN O a3 A B | 0
ASTM D5329-20""Fl D6690 A 3¢ Bk | K i 4%
JEAEA IR WL AE 25 “CHYZK H 96 h, I #E4T 3 ZH 11 2R
P A a2, 03k i R R R A Y B 4
WA 3(c) iR

PEAT I

() IR BRI B

(LW B EHA M

&

(o) BRI (OFERFEFRRIE
B3 EEREARKE
Fig.3 Sample test of grouting adhesive
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Table 2 Performance of sample at —30 ‘C

FEAR
A B C

JT/T 740 B3k

HEAJE/0.1mm  115.6 138.9 120.7 135.2 90~150
b/ C 844 87.8 825 80.7 =80
Wi sl /mm 0.1 0.5 1.1 2.0 <5
WA R/ % 49.7 422 541 575 30~70
—30°CAS0% . L "

. W WE WE W i 12
B/ EN
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Table 3 Performance of sample at —20 'C

FEA ‘
IT/T 740 %k
E F G
HEAJE/0.1mm  99.6 102.2 88.0 84.2 70~110
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s/ mm 1.2 0.0 01 05 <5
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Fig.4 Aging process and comparative analysis of exper-

imental sample cone penetration
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Fig. 5 Comparison of softening point before and after

aging of test samples
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Fig. 6 Comparison of compression elasticity recovery

rate of sealant before and after aging
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Table 4 Cone penetration ratio, softening point difference, and compression elastic recovery rate ratio of sealant test samples

IR AR A HEAB FEAC FEA D HAE HARF FEAG HAH
J WAL S I HE A /% 87.4 79.2 94.2 100 100 89.6 98.8 98.8
KM AT HEABE T/ 2% 69.7 54..1 52.0 46.7 46.1 55.6 85.1 74.9
EAACE S A -VAE —3.1 —6.4 1.5 0 0 2.2 —9.1 0
FE ARG W TR 4R s v A %/ % 37.7 35.2 30.5 43.3 30.4 30.3 30.2 31.6
I 2 A0 00 R 4 s vV SR R % 69.20 93.9 100 51.01 90.5 99.7 46.0 76
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Table 5 Liquidity of each sample before and after aging

EEN
A B C D E F G H
EALFF B E /mm 01 05 1.1 1.1 1.2 0 0 1.1
ZAEWAE/mm 0 0 05 0 09 0 0 0

(B, B 25 2R AN 3R 6 B, A 7 5 07 B8 14 ¢ & il
P 7 TR

7, 25 REAS TR R i i B rp 8 OR R AR R
TEBEAT S UG IRIT 28 1 R B e T W1 R B2 1, 46 3
DR TG PS5 R B RSy o % T 3B E 4T R4
AL BHE LI, B A 6 B U N, e A gl Bl
ZU8/IN o AT UL AR L A A X A I A ) S T RE R
Wi A 5 o R ] O A JRRE A Y (6L A 2 R B
AR R S, BA DR A SRR AR o Bl L
A, A R TS AR Fr B3 I (AR T R B 8
DLW BT —E BN T R AR 1Y
HESEI IO 2 At B )b R e KA I R
ACIE /I, AT L T 4 JE 114 2 A X 37 3 ) SR U )
Fo WA Ry HESE T D H 7E AL S 1 it A 3
TREAR KT WAL, X R W 1L
Xif 9 4% I AE 0 I B BRI AR B B 4 o R Y AT R

Fo6 RIBR MR

Table 6 Maximum tensile strength under low—temperature stretching

FEA A FEAB AR C HEA D HAE FEATF FEAR G A H
EALHTE L RAG A e KT /N 868 662 1533 759 305 163 617 560
EALTTHS 3 RAE e KA1 /N 728 553 1006 606 292 149 540 301
AR L RIG A B KPS /N 559 414 305 499 297 144 574 307
EALE S 3G A e KT /N 447 282 295 275 284 129 350 287
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Fig.7 Low temperature tensile force displacement relationship curve of each sealant sample
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Fig. 8 Adhesive and temperature curve of sealant sample
M F il ook AR b T N U AR R A &
190 °C, 75 & B UE 48 e 35 2 B 190 “CI 25 B2 A T
1~3 Pass fEH — DS hrifl, & A8 MG B 2% R

ZHESE I RE R AN TR
(2)TENTRPE BT o X E 2 e i 00 A AR iR A 7
TEAREE M, &l 9 s o X B — 30 CHE 4% I
55— 20 “CHEZE B i B ARVE A TR, 7E — 30 "ClE 4%
JEREA T, CREA 1) AR e K o 7E — 20 “CHjE

BEICARA T EREAS B WE A TR O, JL LR
A BB TR A5 A AR T EOH: TR SRR %
AV EE RS . TR0 I A I A S O R B
P b 35 P O AN T 1 R 4 B THE N TR A T e IX
S PR, DAHE AR 5 em 1 R PFH 48 B3 14 0 5]
fHo MG, B IR F WA RIE =5 em
HEANEBERR IR, <5 cm 9B A TR H .

(3) K FSTE PRI BT o N TE 48 JEE A I K I
HEAT AR, I A5 A4 98 4 TR K S B Ok AL
JIANER TR AR A 0 2 2R 2 o] 45 B AR A
BOKIGHLTT S5A0R% 9 5¢ R M £, W& 10 o .

N

-F- N EY=5 cm

1|

A B CDE F G H
JEFN

9 BREERHERAENRE
Fig. 9 Depth of injection for each sealant sample
RT EERRKERREAN

Table 7 Maximum tensile force of sealant after

immersion in water N
FEA
A B C D E F G H

910 572 590 1181 564 175 853 324
860 505 487 708 303 155 802 304
853 325 305 375 285 128 720 297
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Fig. 10 Relationship curve between tensile strength and displacement of sealant after immersion and stretching
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Table 8 Maximum tensile strength during freeze—thaw cycles

A

A B C D E F G H
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Fig. 11 Relationship curve between tensile force and displacement of each sealant under freeze—thaw cycles
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