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Abstract: A kind of MgO-carbonated composite pile (MCP) is proposed based on the MgO-carbonation solidification
technology for soft soil improvement. The MCP is formed by injecting CO: gas into the MgO-mixing column through a
gas-permeable concrete pile (inner core) to achieve carbonation. The laboratory model tests are conducted to analyze and
demonstrate the application effectiveness of this technology in silt and silty soils, including the temperature, physical and
mechanical characteristics during and after carbonation. The model test results indicate that under the full hydration of MgO in
the mixing column, the carbonation reaction is relatively uniform at different depths. There are effective and maximum
carbonation distances around the gas-permeable concrete pile, and satisfactory carbonation effects can be achieved within the
effective carbonation distance. Then the formation mechanisms and influencing factors of the MCP are summarized. Field trials
are carried out to confirm the engineering applicability of the MCP. The results demonstrate that the MCP exhibits good pile
formation performance with high pile strength, with an average N-value of 39 for standard penetration tests. The ultimate
vertical bearing capacity of the MCP is 1920 kN, which is 37.1% higher than that of the PHC (prestressed high-strength
concrete) piles. The laboratory model tests and field trials have demonstrated that the MCP possesses both carbon fixation and

reinforcement effects, which are of great significance for the low-carbon development of geotechnical engineering.
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Fig. 1 Grain-size distribution curves of materials
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Table 1 Main physicochemical indexes of test soils

TR 42 BIKFE% FHRT o7 % pH HBPR we/% TR wi/%
51T Mt 26.1 8.78 23.9 33.8
B et 63.0 7.26 20.3 48.9
xR 2 MRINLERS
Table 2 Chemical compositions of materials HA: %
B % SiOz ALO;  Fex03 Ca0 MgO0 KO NaxO P0s SO TiO2 MnO:  Hfth
L) g 71.80  10.20 3.57 6.41 122 005 310 051 027 — — —
WV 69.79  17.84 5.34 1.11 1.04 205 — — — 100 — 1.83
ERIR 3.91 1.43 0.30 126 9180  — — 031 040 0.13 0.02 0.40
Kk 2574 10.96 3.14 48.24 — — — 6.16 403 — — 1.73
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Fig. 4 Diagram of hydration temperature of silty soil
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Fig. 7 Unconfined compressive strengths of stabilized silty soil at
different depths
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Fig. 8 Unconfined compressive strengths of stabilized silty soil at

different distances to ventilation pipe pile
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Fig. 10 Penetrations at different distance to ventilation pipe pile
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Fig. 12 Schematic diagram of carbonated composite pile
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T, BRA R TE O PR 0 i P =y, 20 ] SR RO
GUNLET U

(4) fERJEIH A, 100 kPa S E /)R
R AR B AT LLIAS] 70 em B by RS I R
B ERAGESE /) (200 kPa), 75 ARG EE B ATk
40 cm PA Lo AHFEIESEI T COy SRTE B B /K2
PR e aE 155 TR 1, AT LIBIE .
100 kPa 15 200 kPa 8<% /1 T A &b BE B 35l 1A )
70 cm LA |, {H 200 kPa 38 71 58 Bl Ak B 75 B[] B
4T 100 kPa.

(5) BEHIZRK, 537 MCP W EEjE T T
2 FFIZRIIER, MCP HINE & 58 R UT, ik
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5], BB AR B W B R AL 5 A A B
FERE IR B T B, MIEIR R 39; BRALE A HLAE
B [ AR PR A S0 1920 KN, Eb PHC B A% PR 18 i)
TR IPE R 37%. A 5 G B R s g,
FeEFE R S ERER, &M REmE AR, BHH
[IAER: 1=
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