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Abstract: To promote the resource utilization of shield muck and low-carbon construction, this study proposes a
novel approach combining Microbial-Induced Magnesium Oxide Carbonation (MIMC) technology with 3D
printing to fabricate shield muck-based materials for building structures. Tests were conducted using shield
muck as the base material and microbially carbonated magnesium oxide as the cementitious agent. By adjusting
the magnesium oxide content (0%, 5%, 10%, 20%) and the sand-to-binder ratio (0.5, 1.0, 1.5), the flow
performance of the printing mortar and the anisotropic strength characteristics of the printed blocks were
systematically evaluated. The microstructural differences of specimens under various material ratios were
analyzed using scanning electron microscopy. The results show that the magnesium oxide content significantly
affects fluidity and strength. The mortar flowability increases with the content of the hydrolyzed liquid; under the
same hydrolyzed liquid content, the flowability first increases and then decreases as the magnesium oxide
content rises. The highest strength is achieved at a 20% magnesium oxide content, and the strength follows a
power function relationship with increasing magnesium oxide content. The sand-to-binder ratio has no significant
effect on the strength. The 3D printed specimens exhibit negligible anisotropy in strength along the X, Y, and Z
directions. Mold-cast specimens show higher strength due to compaction and densification. Microstructural
analysis reveals that magnesium oxide content promotes the formation of magnesium carbonate hydrate crystals
and improves their morphological regularity and distribution density.

Keywords: shield tunneling muck; microbial carbonized magnesium oxide; 3D printing; strength; anisotropy
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Fig.1 Particle size gradation of shield muck
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Fig. 2 Flowability change of printed mortar
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