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Abstract: The conventional cement-based stabilization is inadequate for rapidly hardening high-water-content tidal
mud due to its low early strength and failure to meet the stringent “hour-scale” requirements for the rapid construc-
tion of temporary access routes in military and emergency scenarios. This study therefore investigates the short-term
strength development mechanism of carbonation and stabilization using high dosages of reactive MgO. The uncon-

fined compressive strength (UCS) tests coupled with multiscale microstructural characterization techniques, which
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include X-ray diffraction(XRD) , thermogravimetric (TG) analysis, scanning electron microscopy (SEM) , and
mercury intrusion porosimetry (MIP) , systematically elucidate the coupled effects of MgO dosage, initial water
content of the sample, and carbonation duration on the evolution of carbonation products and pore structure. The re-
sults show that high initial water content severely impedes CO, diffusion, arresting carbonation at the brucite stage
with limited cementing capacity. By contrast, a high MgO dosage creates localized zones of elevated reaction poten-
tial, effectively counteracting the dilution effect of excess water and promoting the continuous conversion of brucite
into strongly cementing phases such as nesquehonite. Consequently, the UCS exceeds 5 MPa within 2.0 h, meeting
the minimum load-bearing requirement. However, when the MgO dosage exceeds 45%, explosive growth of nesque-
honite crystals within confined pores generates substantial crystallization pressure, triggering microcrack propagation
and pore structure degradation. This damage ultimately leads to a decrease, rather than an increase, in macroscopic
strength. For the first time this study identifies and elucidates a cementation-damage competition mechanism govern-
ing high-dosage MgO carbonation and stabilization. Based on this mechanism, a multi-factor coupled strength model
is developed that integrates phase content, pore-filling efficiency, a water-content inhibition factor, and a crystalli-
zation-induced damage index. The proposed model provides a theoretical basis for the rapid deployment of temporary
access routes on tidal flats and offers practical guidance for optimizing MgO dosage in carbonation and stabilization.

Keywords: tidal mud; high dosage; high water content; carbonation duration; phase evolution; cemented micro-
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structure; pore structure reconfiguration
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Tab.1 Oxide composition of the soil sample determined using XRF

JE 80 %
Sio, ALO; Fe,0; KO TiO, MgO HiAth
69.88 15.11 7.05 2.67 1.26 1.23 2.80

*2 BiEHE MgO RS R E ISR
Tab.2 Physical properties and reactivity indices of high-

activity MgO
AAGIEME | IR | MERUREE | BOE/ | HERAR Dso
I ) /s (m?/g) (g/mL) (mg/g) pm
25 128.24 0.36 181 11.6
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Tab.3 Experimental design
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Fig.1 Specimen preparation and carbonation procedure
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Fig.2 UCS under various testing conditions
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Tab.4 Phase content of carbonation products as deter-

mined by XRD
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m = 40%,w =30% 10.1 47.7 22.4
m=45%,w =30% 26.3 51.7 10.7
m=45%,w=42% 10.2 51.6 25.4
m = 50%,w =30% 18.2 58.5 12.1
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Fig.4 TG and DTG curves under various testing conditions
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m=50%,w = 30% 9.3 15.4
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Fig.5 SEM images under various testing conditions
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Fig.6 Impact of various testing conditions on the pore
characteristics of carbonated soil
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