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Drying Shrinkage Evaluation of Biochar-Incorporated Concrete

Nam-Hyun Kim', Seung-Beom Kang?, Sun-Hee Kim’, Wonchang Choi"*

Abstract: This study analyzes the drying shrinkage characteristics of concrete incorporating biochar as an alternative supplementary cementitious
material. To evaluate drying shrinkage performance, free shrinkage tests were conducted for up to 90 days under controlled temperature and relative
humidity conditions. The progression and final shrinkage values were analyzed, alongside the properties of fresh concrete and the mechanical properties
of hardened concrete, to examine the comprehensive effects of biochar incorporation. The test results demonstrate that biochar-incorporated concrete
exhibits reduced shrinkage compared to plain concrete. This reduction is primarily attributed to the internal curing effect of biochar; its porous structure
absorbs and stores free water and gradually releases it during hydration and drying, thereby mitigating internal moisture loss within the concrete matrix.
Furthermore, microstructural observations reveal that the interfacial transition zone in biochar-incorporated concrete undergoes densification. This
densification promotes pore refinement and restricts moisture evaporation pathways, thereby enhancing resistance to shrinkage. Overall, these findings
suggest that biochar can be utilized as a sustainable alternative supplementary cementitious material to improve the dimensional stability and durability
of concrete.
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(c) Drying Shrinkage test

Fig. 1 Test setup

Fig. 2 Schematic of embedded gauge setup
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Table 3 XRF Chemical Composition of Biochar (wt%)

Chemical Composition wt%
MgO 11.04
Al, 04 3.37
SiO, 13.52
P,05 3.40
SO, 2.33
Cl 6.54
K,0 5.44
CaO 37.92
TiO, 1.01
Cr,04 0.42
MnO 0.51
Fe,04 4.54
NiO 0.03
ZnO 9.89
SrO 0.03
Total 100.00
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Table 4 SEM-EDS Elemental Composition of Biochar (wt%)

Elemental Composition wt%
Carbon 85.35
Oxygen 12.78
Sodium 0.08

Magnesium 0.11
Aluminum 0.11
Silicon 0.10
Sulfur 0.07
Chlorine 0.11
Potassium 0.11
Calcium 1.02
Iron 0.16
Total 100.00

M MapSum Spectrum

Fig. S SEM-EDX Spectrum
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