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Study on compressive property of cement soil modified by silica

fume under freeze-thaw cycle
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Abstract: As a common method of reinforcing road subgrade soil in highway engineering, cement
soil has the advantages of low cost and favorable mechanical properties. However, its
compressive properties tend to deteriorate under freeze-thaw conditions, leading to destabilization
and damage to the road’s structural layer. Therefore, silica fume was utilized as an auxiliary
gelling agent to study the composite improvement of cement soil. The unconfined compressive
strength test and freeze-thaw cycle test were conducted to examine the changes in compressive
strength of silica fume-cement soil under different curing ages, gelling agent ratios, and freeze-

thaw cycles. The results show that the effect of silica fumes on the early compressive strength of
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cement soil is limited, and the later compressive strength is significantly improved. The addition
of silica fume can increase the 28 d unconfined compressive strength of cement soil samples by up
to 8%. Silica fume demonstrates a significant positive impact on the freeze-thaw performance of
the cement soil, with the freezing index of cement soil sample can be increased by up to 35%
compared with that of pure cement sample. Optimal frost resistance of the silica fume-cement soil
samples is achieved when the content of silica fume is 20%-30%. The prediction model for
unconfined compressive strength is established considering the proportion of silica fume to
cement, the curing age and the freeze-thaw cycle, which can realize the accurate prediction of
compressive strength of silica fume-cement soil.

Key words: road engineering; silica fume-cement soil; compressive property; freeze-thaw cycle;
gelling agent
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Table 1 Basic physical parameters of soil samples
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Fig.1 Soil particle sieving gradation curve
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Table 2 Indicators of physical and mechanical

properties of cement
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Table 3 Indicators of chemical composition of

yellow soil, silica fume and cement
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Fig. 2 Silica fume-cement soil specimens
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Table S Fitting equations for compressive

strength and curing age
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3%-2 6.=289.63In(2. 312) —259. 10 0.99
3%-3 6.=297.53In(1. 811) —282. 95 0.99
3%-4 6.=272.29In(1. 691) —242. 81 0.99
3%-5 6.=225.16In(1. 817) —201. 33 0.99
3%-6 6.=141.16In(1. 132) —7. 47 0.99
3%-7 6.=95.97In(1. 32¢) —20. 46 0.99
4%-1 6.=256.93In(5. 25¢) —241. 38 0.95
41%-2 6. =2342.72In(1.09¢) —37. 99 0.99
41%-3 6. =2339. 88In(0. 95¢) —43. 40 0.99
4% -4 6.=2321.53In(0. 61)+99. 79 0.99
4%-5 6e=313. 74In(1. 802) — 300. 30 0.99
1%-6 6. =278.61In(1. 461) —269. 23 0.98
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6%-1 6. =2338. 42In(5. 00£) —311. 00 0.95
6%-2 6. =448.50In(2. 45¢) —422. 34 0.99
6%-3 6. =462.18In(2. 10¢) —448. 53 0.99
6%-4 6. =406. 34In(1. 192)-137. 23 0.99
6%-5 6.=2352.05In(1. 10) —30. 71 0.99
6%-6 6.=297.72In(2. 981) —261. 99 0.99
6%-7 6.=2309. 16In(1. 931) —284. 02 0.99
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