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NUMERICAL STUDY ON OPTIMUM GRAIN-DIAMETER FOR
THE CRUSHED ROCK EMBANKMENT OF QINGHAI—TIBET RAILWAY

QUAN Xiao-juan® LI Ning* ? LI Guo-yu*
(1. State Key Laboratory of Frozen Soil Engineering Cold and Arid Regions Environmental and Engineering Research Institute
Chinese Academy of Sciences Lanzhou 730000 China
2. Institute of Geotechnical Engineering Xi'an University of Technology Xi'an 710048 China)

Abstract The crushed rock embankment can provide cool energy for the permafrost beneath it and guarantee the
stability of permafrost without thawing. The cooling effects of the crushed rock embankment are already seen to be
verified by in-situ data. However the mechanism is still to be explored and the design parameters also need to be
optimized. The heat transfer in crushed rock railway embankment could be treated as the air convection problem in
porous media. Here thelocal thermal equilibrium is assumed to exist between the air and the grains and theair is
expressed by the Boussinesgue approximation. The heat transfer equations the motion equation and the
conservation equation are achieved with finite element formulas of Galerkin's method and then a program
3G2003 to simulate the heat transfer in crushed rock embankment is developed. Simulations are performed on the
crushed rock roadbeds composed of crushed rock with diametersof 3 6 9and 15cm  respectively. The results
shows that the 9 cm-crushed rock embankment has the best cooling effect  which will cause a decrease of 1.18

in the temperature at the base of embankment and air convection occurs in entire interior embankment. The
temperature field shows prominent nonlinear characteristics and the average air speed at the bottom of
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embankment is 0.73 m/h. The embankment composed of crushed rock of 6 cm in diameter will induce a decrease
of 0.78 in temperature accompanied by weak air convection with air speed of 0.21 m/h at the base of
embankment. The embankments consisting of 3 cm and 15 cm diameter crushed rock have poor cooling effect
which will have 0.21 and 0.28 decrease in temperature respectively where air speed at the bottom
approximate zero. Therefore the 9 cm diameter crushed rock is recommended for the construction of Qinghai—
Tibet railway so that permafrost embankment can be protected.

Key words road engineering crushed rock embankment permafrost porous medium Qinghai—Tibet railway
cooling effect
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