Advances in Environmental Protection #3E{R3 AT, 2026, 16(4), 654-660 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2026.164064

EXBERNMARIRGE

& &L, F 12

NI TR EARE R TR, ILT
AL THGE PR A B T E S E A B, T HR M

ks H i 20264E3H9H;; FAHHB: 20264F4H10H; KA HB: 20264F4H29H

R

RXBERHARZFREI . REXRESHHHEREIEM, HREERBRFRGK. BUT. K
FRERBLRE. AU “REHE - PaEoR - BTN AELR, RAREREXBEFRHRRS
. 377 - BRSO B R F IR R IEERT R, JIAT &R AT BRI R R 5B R,
AFEFRBREM R SRRAEPENE, SGETTRLERRBHEZONE. FIARYA, ZTREFES
RAEERL. KERFEL. HRENTNTRERE, EETICCISRIATEBIN AL, ZERHFA
DS, AR XEE TERR SFPRAERSE.

X in
RXBER, FRUAEVE, SRRREAR, BERREL, FaENTHN, RERRR

A Review of the Research Status of Subgrade
Fillers in Cold Areas

Miao Shi?, Hui Lit2

1School of Civil Engineering and Architecture, Liaoning University of Technology, Jinzhou Liaoning
2School of Urban Rail Transit, Liaoning Railway Vocational and Technical College, Jinzhou Liaoning

Received: March 9, 2026; accepted: April 10, 2026; published: April 29, 2026

Abstract

Subgrade in cold regions is long-term subjected to the coupling effect of freeze-thaw cycles, temper-
ature alternations and dynamic loads. The degradation of mechanical properties of fillers is the core
cause inducing typical distresses such as frost heave, thaw settlement and frost boiling. Taking the
thread of distress mechanism-prevention technology-monitoring and prediction, this paper sys-
tematically reviews the research advances in freeze-thaw deterioration of cold-region subgrade
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fillers, dynamic-temperature coupling effect, solid waste resource utilization and intelligent pre-
vention and control. It analyzes the advantages, disadvantages and applicable scopes of various re-
search methods, supplements the prevention contents including novel thermal insulation materials
and structural optimization, and extracts core laws via visual charts. The results reveal that this
field is developing towards the deepening of multi-field coupling mechanism, green resource utili-
zation and intelligent monitoring and prediction. Future research needs to overcome key difficul-
ties including the durability of fillers in extreme environments and multi-technology collaborative
prevention and control, so as to provide theoretical support for the construction and maintenance
of subgrade engineering in permafrost regions.
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Figure 1. Schematic diagram of the coupling relationship among formation mechanisms of main subgrade diseases in cold
regions
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Table 1. Comparison of key performance parameters of different types of subgrade fillers in cold regions
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