ST "
=i 2005 4F 4525 % 4521 W) oy o R 5 T O# ISSN 1671—1815 3
% 2025, 25(21) :09061 -10 Science Technology and Engineering CN 11—4688/T :,..«-u

A

DOI:10. 12404/j. issn. 1671-1815. 2407893
SIARE L, Xk, EiEl, B MRS ALBUREE LI H AR S0y B SRR 1] B oR 5 TR 2025, 25(21) : 9061-9070.
Pan Min, Liu Bingfei, Wang Xinlong, et al. Mechanical properties and simulation computational efficiency of double-layer porous concrete

roads[ J]. Science Technology and Engineering, 2025, 25(21) ; 9061-9070.
WESABERRIERAFEREFTEITERNER

HA ) XNEKD AR, mAR
(1. hE R R 5 TR, K 3003005 2.t E RATKR M2 TR0, KH 300300
3. AR R g 5K FI2BE, B5rg 250061)

i B AWK s e T RE LE R Rt Foa ot F R F A RS S IR RS L E A AT R R A, A
T A FH kit EAUMRE LGRS bt AR FREAH AR EREN IR RAR AL = RS
A ERFH AR DR—IRRILR e R LA R R L FHBA AT ETH FHBTRRE-EMBTEARE3 A
I FAIUMRE L E% S RS G A A AL S AR 0g 45 ARG L nb i), SR BE-FMSBFHMEAT,
LRI R AR L AR AR —RE RE M2 R E i A KR ¥k, LR —ILIRE B354 @AIL | I8 e A I
B ey JE A LR R 8% VAN, ETF S LEA EE P R F /T HAEA T T Eshelby & 2B A Mori-Tanaka % X £E A
K, Self-Consistent F 2 BRI KA B E-FMBTRERN TTAERBER 2 KA, HANE S — 20, ILMERET, LR S 5L
AR GG 45 FARBUR iR AR L ROR A 8 N AR AT R TR K 2 L i AR R R R TR S 99.8%
ekl A Uik LR, AR, SFABA, AROTER, AT ERE

TEES IS TUS28; ikbrEg A

Mechanical Properties and Simulation Computational
Efficiency of Double-layer Porous Concrete Roads
PAN Min', LIU Bing-fei’* , WANG Xin-long’, YANG Sheng-you’

(1. School of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300, China;
2. School of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China;
3. School of Civil Engineering, Shandong University, Jinan 250061, China)

[ Abstract] In order to explore the influence of pore defects on the mechanical properties of concrete road and seek an equivalent
model to replace porous concrete road to reduce computational time. Based on micromechanics methods, the effective elastic modulus,
Poisson’s ratio, coefficient of thermal conductivity and coefficient of thermal expansion of porous concrete were calculated. Three-di-
mensional double-layer concrete roads with randomly distributed, non-interference and varying sizes of spherical pores and their equiva-
lent models were established to study their mechanical properties under three working conditions, namely, concentrated force, static ve-
hicle load, and temperature-static vehicle load coupling, and further the simulation calculation time for each model was compared. The
results show that under the coupling effect of temperature and static vehicle load, the increase of porosity has little effect on the temper-
ature and displacement of porous concrete roads at the same depth and different times. Moreover, for the same porosity, the farther
away from the pavement, the peak temperature shifts backward over time. When the porosity is within 8% , the actual porous model
can be replaced by the Eshelby equivalent model, Mori-Tanaka equivalent model, or Self-Consistent equivalent model under concen-
trated force or static vehicle load, and by the equivalent model 2 under temperature-static vehicle load. With fixed computational power
and constant porosity, the simulation time for the actual porous model far exceeds its equivalent model. Using equivalent models for re-
search can significantly shorten the calculation time, and the computational efficiency can be approximately improved by about 99. 8% .
[ Keywords | porous concrete road; mechanical properties; equivalent model; finite element modeling; simulation computational ef-
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