A5k % 24 A VA~ & Vol. 45 No.2
202554 A JOURNAL OF CHINA & FOREIGN HIGHWAY Apr. 2025

DOI:10.14048/j.issn.1671-2579.2025.02.001 XEHS :1671-2579(2025)02-0001-20

PEREMIIEEEEZEEARSRERIR

MER " BEEE ", XEBE
(LM%, KB T R2: MR K70 4101142, B SR8 4 (0 1 45 T8 I TR 4 ) o 0 S 06 =%
KUHLT K%, KV 410114)

T - R A T Y TR R O I R R R A 3 % W BT T R A o % ST [h] 2 B R TS0 A B A 4 A
JELIT, BT BB e Al AN BT RE AL it A BV RE AL G T S M BE AL 4 B REL S D T AT RS
WA AR T S Rt A S Y A S AR T e B A SR ) 2 R el o AR AR BE AL 5 T, PR T TR R AR PR 41
TR 4 R B e o TR 5 ZE S5 MR BE AL D T, A T CAD GBS B 50 ) 76 9% 100 45 R 150 ob 4 17 Y 5 76t T4
R REAL DT, o0 AT TR A M AR T B T T 4 e R A T A A R B A 5 T, e T B T A R
SRR AT Y 2 BUIR 5 T 5 8 A 0 A BV BB ALy T, DA TP R 3K TG ARG T R T 2 B BT BT A P B 2OR 5 0
J1o BERFRWY AR R TR TE 2N LA B R IRAS T — G MR (ELAT T IR 1 AR AR R R S B A AR
ARRAS 185 S R AR ORI A A TSt R R A 3 7 DA b A A IR AR B R A P A TS BOD T R K
A TS R RE O B L AL B A R

KRR O LR BN 5 B AE A3 5 BORLIE IR A 5 A5 R T — A1 5 R RE

HE S ES:U416.224 XEAR SRS A

Review of Intelligent Construction Development of Highway

Infrastructures and Its Prospects

ZHENG Jianlong', CHEN Mengjie">,LIU Chaochao'"

(1. Xiangjiang Laboratory, Changsha University of Science & Technology, Changsha, Hunan 410114, China; 2. National Key Laboratory of Green
and Long-Life Road Engineering in Extreme Environment, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: With the rapid advancement of intelligent construction, intelligent development of highway
infrastructures has emerged as a key research focus. This paper focused on the whole life cycle of intelligent
construction of highway infrastructures and provided a comprehensive analysis of its current status, challenges,
and future directions. The discussion was organized into five key areas: intelligent material design, intelligent
structural design, intelligent construction management, intelligent inspection and monitoring, and intelligent
maintenance management. In intelligent materials, the paper explored the application and recent advancements
of the pavement material genome program. Regarding intelligent structures, the role of computer-aided design
(CAD) in pavement structural design was emphasized. For intelligent construction management, the importance
and impact of intelligent monitoring systems throughout the pavement construction process were examined. In
the area of inspection and monitoring intelligence, the current development and potential of embedded sensing
units in pavements were discussed. Finally, in intelligent maintenance management, the paper evaluated the
effectiveness and potential of ground-penetrating radar (GPR) non-destructive testing technology in highway
quality assessment. The findings reveal that although intelligent construction technologies have made progress
in highway infrastructures, challenges remain, including incomplete technical systems, limited data integration,
and high technical costs. The future of intelligent highway infrastructure construction should focus on
standardization, technological innovation, and cross-domain collaboration, so as to establish an efficient, safe,

and sustainable intelligent highway infrastructure system.
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Figure 1 Five key stages in intelligent construction of

highway infrastructure
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Figure 2 Four-component molecular model of asphalt'’
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Figure 3 Effect of four components of asphalt on

asphalt properties
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Figure 4 Industrial CT to obtain aggregate particle

information'®
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Figure 5 Elements of pavement materials genome program
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Figure 6 Digitized extraction and twin model of microscopic structure of asphalt mixture
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Figure 7 Aggregate model’"
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design methods
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Figure 8 Development of CAD technology in pavement construction
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Figure 9 Rutting deformation cloud map by finite

element simulation'*’
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Figure 10 Development of construction monitoring
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Figure 11 Intelligent construction monitoring system architecture'
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Figure 12 Intelligent construction management platform!
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Figure 13 Input of pavement structure parameters and

establishment of parameterized model *”’
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structural construction
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