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Characteristic evaluation of settlement and stiffness of
cement-treated soils with the change of fines content
under cyclic dynamic loading
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Abstract The soil structures settle down continuously under cyclic dynamic loading after opening railway
lines. This study examined the characteristics of the settlement and stiffness of cement-treated soils with
the change in the content of fines under cyclic dynamic loading. Eighteen cases of the test were carried
out with the changes in the fines content of soils, cement content, and curing days. Based on the test
results, cement-treated soils containing more than 3% of cement could decrease settlement sufficiently
even with a high portion of fines under cyclic dynamic loading. In addition, the elastic and plastic
settlements could be reduced using 3 to 4% cement to the level of 1/4 and 1/6, respectively. In the
viewpoint of stiffness, the resilient modulus of cement-treated soils increases with increasing cement
content. Using more than 3% of cement, the 80MPa compaction stiffness standard for the upper subgrade

of railways was satisfied, even with 40% of fines content of soils.
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Table 1. Standards for fines contents of upper
subgrade for concrete slab track
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Fig. 1. Data acquisition path
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Fig. 2. Grain Size Distribution

Table 2. Physical Properties of soils

Test Items Test Results
Liquid & Plastic Limits N.P
Percent I"assing 139
No. 200 sieve (%)
Specific Gravity (Gs) 2.674
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Fig. 3. Results of compaction tests (Fine content 25%)

Table 3. Results of compaction tests

Fines Maximum dry -Optimum
Cog/'fjnt density, 'Yd,m i (kN /ma) mmstur(;) )content
25 20.12 11.1
30 19.8 11.9
40 19.27 12.9
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Fig. 4. Test specimen (Fines content 25%)
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Fig. 5. Test specimen setup
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Table 4. Test items and conditions

Test Items Test Conditions
Fines content (%) 25~40
Cement content (%) 0~4
Curing days (d) 0~28
Deviatoric stress (kPa) 50
Confining pressure (kPa) 20
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Table 5. Test cases

Fines Cement Curing Deviatoric
Cases content content days stress
(%) (%) (d (kPa)

1 25 0 0 50
2 30 0 0 50
3 40 0 0 50
4 25 2 28 50
5 30 2 28 50
6 40 2 28 50
7 30 3 0 50
8 30 3 1 50
9 30 3 7 50
10 30 3 14 50
11 25 3 28 50
12 30 3 28 50
13 40 3 28 50
14 25 3 0 50
15 40 3 0 50
16 25 4 28 50
17 30 4 28 50
18 40 4 28 50
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Fig. 6. Relationship between deviatoric stress and
displacement (Case 1)
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Fig. 7. Relationship between displacement and
loading cycle (Case 1)
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Fig. 8. Elastic settlement depending on fine contents
of soils with the change of cement contents
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Fig. 12. Resilient modulus depending on fines content
of soils with the change of cement contents
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