%26 % %8 X i iE W LR ¥ IR Vol. 26 No. 8
2026 8 /A Journal of Traffic and Transportation Engineering Aug. 2026

MEHS:1671-1637(2026)08-0202-15
ETFBIM+EgEFEINEREEBX 9%
118 1T 8 2 i) 77 0%

3%@ fFf]’Z’Baii%’]»%’:‘ B IS 7‘¥]9j'] &°
(1. PEREAKY: ZERFS TR KHE 3003005 2. RV EfEAEES T TRERIFTR P L.
Kt 3004565 3. RATETFIAIH LA S TRV L, IR BE 271000)

B EATESNERAERZAEZTN S AAFMERLTE G A FHARGH 0. KA R EFE LA
BAT O IR Z T EFAS EA A (BIM) 5 & 4 R 43 B k& B AER 2R TR M i KR 55 ) 4
FMEEEBEABIGATER RN AR R, )W EESHEEEARLAR DEETN X A3
TZHRARAKMES TR KR EEZEZR SRS E @A FREGFa; R EHRAT
BIM A HEL-E@BEN N FHRE—KRLIHTE, FRERAN . HEAELEHBRORL
THEBRMAR R THE 2.0  EEEBEAHRU TR ER BT E ELEBLE . H5H
RER e Gem, EEEBELEHMEEEHBR ORLGIE i K, 82 E LRV
My R R MR EEHAZRRU KA Z;EDT LN A RKAMEEEEBESEHGIE M
¥R LA =k SR X ATH A ;@8 A%k BIM 248 B2 4T & TG FEE ST
# ¥ 5 BIM 248 k4 BIM- 7 S 8L A — 4R 4L - 7, 52 IUAR 4B 47 A% T 52 2 45 38 ) 45 A JUAT 20 48 &
AU 3 B XY I8 AT @ 25 H B ) B IR AT 3 A AT A A 4R A AR KR AR R
RAT YA R T AR ORI TR R e — R A A E L,

KER MG IR FREE; DESOFBEE AT PR ZABLEA,EBRHH
FE4SES U416, 1 XEkPREARD A DOI.10. 19818/j. cnki. 1671-1637. 2026. 323

Evaluation method for effect of subgrade weak zone distribution on
mechanical performance of pavement based on BIM and

intelligent compaction

DAI Xuan"?*, WANG Cheng-zhi', CAI Jing""*, QIAO Yang', LIU Lei®
(1. College of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300,
China; 2. Engineering Research Center of Airport Intelligent Construction and Industrialization, CAAC,
Tianjin 300456, China; 3. Shandong Engineering Research Center of Civil Aviation
Digital Innovation, Taian 271000, Shandong. China)

Abstract: To quantify the spatial distribution characteristics of compactness and their effects on
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pavement mechanical performance, an airport intelligent compaction project was analyzed, an
application framework for the information fusion between building information model (BIM) and
intelligent compaction was established, and a compaction weakness composite index for evaluating
the spatial distribution of subgrade compaction was proposed. Through California bearing ratio
tests on subgrade soil, the relationship between the compaction meter value and the subgrade
reaction modulus was analyzed. A three-dimensional finite element numerical analysis model was
established to investigate the effect of the spatial distribution of compactness on the mechanical
performance of airport pavement. Finally, an integrated analysis method for intelligent
compaction and pavement structure mechanical performance based on the BIM model was
developed. The results indicate that under the same area ratio of compaction weak zones, the
adjacency index of weak zones can differ by 2. 5 times; the compaction weakness composite index
can reflect the comprehensive effect of compaction pass rate, compaction weakness degree, and
spatial distribution of weak zones; the compaction weakness composite index increases with the
increase of the area ratio of compaction weak zones, and the degree of dispersion also gradually
increases. Furthermore, the subgrade reaction modulus exhibits a power exponential growth
relationship with the compaction meter value. The maximum flexural-tensile stress of the
pavement increases with the increase of the compaction weakness composite index, and this
relationship can be described by a cubic polynomial. Through parametric BIM modeling, attribute
information extension, visual programming, fusion of intelligent compaction data and BIM data,
and integrated analysis of BIM and mechanical model, the dynamic analysis of pavement structure
stress and service life during the operation period can be realized based on intelligent compaction
data, pavement structure geometric data, and aircraft load data, thereby improving the subgrade
compaction level. The research results provide a reference for expanding the value of intelligent
compaction data and realizing the integrated analysis of intelligent construction and operation-
maintenance of airport pavement engineering.
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Table 1 Physical and mechanical parameters of subgrade soil
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model and theoretical solution
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Table 4 Definition of extended attributes for runway

intelligent compaction evaluation
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Fig. 15 Integration of intelligent compaction data and BIM model
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