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Fig. 1 Particle size distribution of the studied soil
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Table 1 Physical properties of the soil
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Fig. 4 The experimental instrument pictures of frost heave test
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Fig. 9 Temperature changes inside the samples of frost heave test
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Table 7 The temperature increases of mPCM incorporated soil sample after 24h
R4 AL LT C
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S-B10 1. 68 1. 14 1.34 1.47 0. 64 1.25
S-P4 1.32 0.98 1.08 1.38 0. 68 1. 09
S-P8 1. 40 0.90 1.28 1.45 0.74 1.16
S-P10 1.70 1.28 1.58 1.84 1.07 1. 49
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Fig. 10 The temperature change of the samples at different heights
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Freezing depth changes over time (a), freezing rate changes over time (b)
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Fig. 12 The frost heave change of soil over time (a), the frost heave ratio change of soil over time (b)
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Study on frost heave of microencapsulated phase change material
incorporated silty clay

RAO Youzhi'?, LIU Jiankun', CHANG Dan'
(1. School of Civil Engineering, Sun Yat-sen University, Guangzhou 510275, China; 2. Guangzhou City Investment
Development Holdings Co. Lid., Guangzhou 510030, China)

Abstract: Microencapsulated phase change material (mPCM ) possess an excellent heat storage capacity, which
can mitigate temperature fluctuation of soil during freezing/thawing in seasonal frozen ground. Two types of mP-
CM with butyl stearate, paraffin as the core material (B-PCM and P-PCM, respectively) and SiO, as shell mate-
rial are evaluated using Scanning electron microscopy, X-ray photoelectron spectroscopy, Fourier transform in-
fra-red spectroscopy and Thermal analysis, the effects of 4%, 8%, and 10% of mPCM on the frost heave charac-
teristics of the silty clay in Lanzhou are studied through the freeze-thaw process and frost heave tests. The results
show that the latent heat released by mPCM in the phase change process provides the soil with a thermal insula-
tion effect, and the elapsed time required for the soil containing mPCM with 10% addition to drop from —10 C
to 10 C is extended by 71. 8%. The frost heave deformation, freezing depth and water content change rate of the
soil decrease with the increase of mPCM concentrations; and the differences in core-to-shell ratio between B-
PCM and P-PCM leads to different trends in the extent of water migration after frost heave. In general, the posi-
tive effect of mPCM on the soil is manifested in improving the thermal insulation performance of the soil , inhibit-
ing frost heave deformation, etc. However, adding more than 8% mPCM will increase the frost heave of the su-
perficial layer of the soil, which is related to the water absorption of the SiO, shell material.

Key words: microencapsulated phase change material; freeze-thaw process; frost heave; water migration
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