555 W (s 325 #)
2026 45 H

SRALA 5% %

URBAN ROADS BRIDGES & FLOOD CONTROL

DOI:10.16799/j.cnki.csdqyth.251075

SR it B v DAY P 5 4 2 i R 190 2 4 WE

BEMR, GARE
(T F e BT 2 SR B SR AT R 71, IR B 251401)

W OE XL G S A A TR AT B AP AS R S R R R B, TR R T R A e A 1 AR
BT R B TR A RS 2 o 3l ) 22 B iR 00 48 7 B8 TR = 20 S 36 I 8 s AL AL IR, 007 12 11 < T J2 T B A sk v+ 2 2
ZE R PR AN U R T BRI, ORI TR R . HE N7 4 A R PR HE AL BOR - R E R IR A R sh R e
28 500 Y /mm ($2 T+ 3145 ) AR M B AR 3 150 we ($27F2.54%) 5 1 )2 I8 B P46 2 40 mm , MR FEREAR 42% 5 4=
Az A JE AR HE B F- 6.8 1COLe/km (RUJA) 6 3 ) , REFEREAIN 40.5% , AU 5 AL BEAR 48.7% o AL ARSI RE
WS 525 R 25, (ARS8l % BRI T AT AT iR AR

FEEER: BEWR; 2RI A0 &4 ar FIPEN s B 643 Hr 5 Ik 223

HFESZES: U416.2;TU997 XHRRERD: A XEHS: 1009-7716(2026)05-0095-05

Research on Technical Characteristics and Life-Cycle Sustainability

Assessment of Polyurethane-Based Pavement Systems

GAO Xiaoduo, SHI Huajun
(Jinan Xiantou Urban Development and Investment Group Co., Ltd., Jinan 251401, China)

Abstract: To address the durability issues and high carbon emissions of traditional asphalt pavements under heavy
traffic and climate warming, a novel pavement system using polyurethane as a complete asphalt replacement was
developed. Multi-scale testing revealed the reinforcement mechanism of the polyurethane three-dimensional cross-linked
network. An innovative collaborative design theory integrating "functional surface layer thinning" and "structural base
compensation" was proposed and validated through engineering cases. A life cycle assessment framework established
the following results: the polyurethane mixture achieved a dynamic stability of 28 500 cycles/mm (31 times higher) and
a low-temperature flexural strain of 3 150 pe (2.5 times higher); the optimized surface layer thickness was 40 mm,
reducing material consumption by 42%; the life cycle carbon emission factor was 6.8 tCO2e/km (for a 1 km two-way
six-lane section), with a 40.5% reduction in energy consumption and a 48.7% reduction in the net present value of life
cycle costs. This technology demonstrates significant advantages in mechanical performance, environmental benefits,
and economic efficiency, providing a viable pathway for the transition to low-carbon transportation.

Keywords: polyurethane pavement; multi-scale mechanism; structural innovation; life cycle assessment; life cycle cost;

low-carbon transportation
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