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Abstract: In view of the prevalent technical deficiencies of existing garden pavements, including damage, deterioration, and
interfacial debonding from surrounding structural components, this study conducts mix proportion design and mechanical
performance tests on polyurethane-based repair materials. The optimal mix proportion of the polyurethane-based repair
material is determined via compressive and flexural tests. Composite specimens of polyurethane-based material and asphalt
concrete are fabricated, and pull-out tests are performed to explore the interfacial bonding performance between the two
materials. The action laws of different temperature factors on their interfacial bonding performance are systematically
analyzed.The experimental results demonstrate that the polyurethane-based repair material exhibits the most prominent
rigidity at 0 °C, with the minimum deformation under the same stress and excellent structural stability. At 65 °C, the plasticity
of the material is significantly enhanced, and its deformability is remarkably improved. At the same stress level, the increase
in temperature is conducive to the improvement of the interfacial bonding strength between polyurethane and asphalt
concrete.In addition, the polyurethane-based repair material not only possesses high compressive strength (7-day

compressive strength of 97.14 MPa and 28-day compressive strength of 98.57 MPa) but also shows superior early strength
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after repair compared with traditional patching materials, which can meet the requirements of rapid repair.Keywords:
Recycled brick aggregate concrete; Microbial reinforcement treatment; Mechanical properties; Frost resistance;
Microstructure

Keywords: Polyurethane; Asphalt concrete; Mix proportion Optimization; Interfacial bonding performance; Temperature
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Table 1 Performance index of isocyanate

ZiE (mPa's) B ReH B =45 (NCO, %) AR B E/ (grem)
200~300 30.5~32.0 RER R 1.1
= 2 BB Z TR PERE
Table 2 Performance index of polyether polyol
i FRIME (m TR B
LSy pH BKE (%) - wEE e -
(mPa-s) KOH/g)> (mg KOH/g) (grem™)
TR EERAE  5.0-8.0 <0.05 300-500 440 ~ 460 <0.07 1.05

KIRER RIS EM PP BRI TRER, et B &I E MR R . AR
R P-O 42.5 /Ke IPERESEUIL R 3.
R 3 KEHRSH

Table 3 Cement performance parameters

Kt aERS ] (min) PUEIRE (MPa) PLisRE (MPa)
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R (gon®)  ME (%) ™y wg e 3d 28d 3d 28d
3.1 0.6 143 214 i >17.0 >42.5 >3.5 >6.5

BRRZETEAEREAS T, RARREEMEESEK, P ERETM, ERILRSH, ¥
Wi 52 TP RER AN . PRI, (I 75 ZEA M ERIR A BRIEFRB AR, MORMRE R 4.
R 4 BRFISDR

Table 4 Material Characteristics of Dehumidifier
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Table 5 Factors, levels and orthogonal experimental design
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Fig. 1 Preparation Process of Polyurethane-Based Repair Materials
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Fig. 2 Test on Compressive Strength and Flexural Strength of Polyurethane-Based Repair Materials
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Fig. 3 Optimization test of compressive strength for the mix proportion of polyurethane-based repair materials
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Fig. 4 Flexural Strength of Mix Ratio Optimization Test for Polyurethane-Based Repair Materials
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Fig. 6 Stress-Strain Curves of Polyurethane-Based Repair Materials Under Pull-Out Action at Different

Temperatures

4 iR

MR FE 53028 0 °CL 25 °C, 45 °CHI 65 °C, IRy (7. GPa) HMAZH) K RIEAF
BETENHEZES . BAERIWT:

FE 0 °C AT, MBERIL BRI N AR, BRARREE N BN 2218 38K . iR BN 1Ak
N A-RiAR BN 4%, R BCHARIR N AR TE RE 71 A R

FE 25 °C HIZAE T, RAEMBHORARA PG, H5%IREMERFFAAL, HRA KA
BAK . IRET AR R 25 P R A KR, (B4 52 2R IR AR 1

FE 45 °C BIZ6AE T, MORHK RARE HUARIR T~ oRmE ETF, HN AR RGN R 3%, KW AR
BHE R IR T REW IR AL ECN AR 1) A8 T A

fE 65 °C HIZAF T, MR RIASE WK, BRI ARG R TR . xR, Rl
SMBHE G TR I SRR a AR TR T, AR AR S TE It IS R AR SR T

FEAR RS 7K R, AR B R FE T iy 2 30 63 ) SR B 3, AR R 0 KNI -
65°C>45°C>25°C>0°C. {EfKIRE (0°C) %M F, MENIES TS, fEMAERIIER- T4
AT, RV s iaeEtEs e (65°C) &4 T, MEAMEEN M, BIRGE
BRI VUSRIRE 43 B3 BB, R NAR Y KOl A 6 8 3 OE A Ik, AR AR A
LANEFPEARTENE . BEE R IAKCPERTE, MR N ESS MBS, WIBERREE RIS, N 5 kA2
PEASTEIIBT B, 1X —RRAELE SR 25 N OC MR, e th R 77 5 3 06 A8 1 10 Wik ] (i 2 R

NI E O PRI B R SR AR ST IX B (1~2 GPa) N, AEREE T I RNAR 2 N, i 6
A A AR KR AN s A X (8] (3~5 GPa) N, i [R] 0 A% 22 B Bt B F3 T B e 4K,
Ui B 1 R ) T 2 — P TEORIR BERT A RS T R o £E MGV P, R R0 IR PR IV 1 — AR i 2k
RIS G, SR X MR T B8 ) B e B R AF AR e A — 8. ek, BEE IR T
R, AR B 1AL U IR T 5, FLrR 65 °C 4 R B 2R AT RO, R AR N 1 B R ]
SIEREFE A MR, 0°CHZE T2, PRGN /A8 Ak e 5 AU

7



F2 M e e O N B3

IR T, R S RE LW v R 2 2R ER R, SEC RS TR PRI, SRS
SEVEZ S SRR R ) RE N M. TRt RAETEARIR T R ZEE A R RE 08 4E KRBT 0 /12550
BHASTERE 12, PR 7 AR S VG
5 &

(D) I ERRIE T 5 /R i, #ie T RABE B I MR R A KBS
MR 1:1.5, fERKNBE 10%. EIFA T, MRRPURRE T 100 MPa, Hidfrsm B HE 35
Mpa, FILH 7RI ERe, HEEFRP IR R i E, RUHEA BRI ert,
DR A RLE T T B R TRE

(2) i R dkEe 45 R BoR, RN T R EABREE SRS I 5 TR L [R] 1Y) SRS 45 4 e A
ARFELW . ARG, AN KT N RAS R & R sy, RUMEIRTE G IG5

2R IR BN A : 65 °C > 45 °C > 25°C > 0°C, XK IHFHHALIEE 5 F5m B 2 [0 471F
SN PRI A R

(3) FERWRFM T, RATFEMEEAMELI T RE 52 ae s T4, HEA R
Khah MERE,  RHARR S T 30 2 AR A 2% A T 7 B T B 52 TR, R UAE 5~ 35 °Ciila 1., F#9°
I E] 24 h AP, 3 A T AR S T s R TR

K
W)

S 3CHR
(1] 2R, 8%, TN, 55 JRIESHE RS R TRED]. @ERPUR, 2022, 4: 73-77.
2] &R ARG O T E R RFEDT K [D]. Kib: KIPHT R, 2018.
[3] R, I R SR AL TREME T R IR BR T[], TR0k, 2022, 16(14): 35-37
[4] Norambuena-Contreras J, Garcia A, Self-healing of asphalt mixture by microwave and induction heating[J]. Materials
& Design, 2016, 106: 404-414.
[5] Chen D, Won M, Chen X, et al. Design improvements to enhance the performance of thin and ultra-thin concrete
overlays in Texas[J]. Construction and Building Materials, 2016, 116: 1-14.
(6] ZFul, fiwfd, 30K, 5. IH BRI RGBT RBORTEREXS EURTFE[T]. 2B TR, 2013, 38(6): 33-37
[7] Kong F, Li Y, Wang R, et al. Road performance evaluation of preventive maintenance techniques for asphalt
pavements[J]. Lubricants, 2025, 13(9): 410.
[8] Dan H, Bai G, Zhu Z, et al. An improved computation method for asphalt pavement texture depth based on multiocular
vision 3D reconstruction technology[J]. Construction and Building Materials, 2022, 321: 126427.
[9] Lee S, Choi J, Le T, et al. Unraveling the optimal strategies for asphalt pavement longevity through preventive
maintenance: A case study in South Korea[J]. Case Studies in Construction Materials, 2024, 21: ¢03464.
1 ZBAEE. JRAREOR - PR SRR U W B B A MPDRHE BE B U [D]. FPK: L PRACI K2, 2019.
1 BESER. iR L DX T ER TR P AN R ) 45 S MR RERIT 7T (D], HPK: B PRAZIE KA, 2020.
1 SR BEHK-SBS H A& S RESEA R 4 T2 A H M AR R A [D]. KF: FMoKEE, 2021,
[13] AGTR]. = PRI T B B AT RHI ) 45 S5 TERE R ST [D]. KA HHORE, 2016.
1 . AR LK RARRAKE AR ¥R A[D]. KFF: RILITTE RS, 2012.
1 ESUBE, XI5, MK, FIH] MPC A REEAT 25 oMM N 64 52 BB FE[T].2 #, 2013, (8): 39-43.
] Hussain H, Zhang L, Liu G. An experimental study on strengthening reinforced concrete T-beams using new material
polyurethane-cement (PUC)[J]. Construction and Building Materials, 2013, 40: 104-117.
[17] Hussain H, Liu G, Yong Y. Experimental study to investigate mechanical properties of new material
polyurethane—cement composite (PUC)[J]. Construction and Building Materials, 2014, 50: 200-208.
[18] k#%, TkARNN, VL. REEE-FER A AN F (i % S VERERF AC[J]. DY)1 A4, 2024, 50(12): 25-26.
(191 X, =& BRI RHE KR EE A4 SPERERT 7T [D]. RJR: KRB TR, 2023.
8



F2 e 5% 3 30

FEEWE: ERPRFAECH NI H (202410201027); bR LR H 3 HH
(202301); HHE ARG MBI ; AbRER R AE R NI H

VE LEEMA: B (2005, 2o, ABMES, BRI REBREIBEME ) ¥R . E-mail:
lidansjj@126.com.

TOEWRSEEME A AUK (19790, 5, LR, BIEGR, BT SAMEESEE 0T 5.
E-mail: lengbing@beihua.edu.cn.



