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Investigation on the Self-Healing Performance of Cement Mortar
Incorporating Inorganic Expansive Additives
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Herein, the properties and self-healing performance of cement mortar incorporating calcium sulfoaluminate(CSA), crystalline
admixture(CA), and magnesium oxide(MgO) were investigated. Mortar strength test ai-nd water permeability experiments
were conducted to analyze self-healing performance of the mortar. Also, variation in crack width were measured via digital
optical microscope observation. The hydration products formed in the crack via self-healing were analyzed using x-ray
diffraction(XRD), thermogravimetry(TG), and digital optical microscope. The analysis revealed that compressive strength and
tensile strength increased as CA substitutional ratio increased. However, in the case of MgO replacement, the compressive
strength and tensile strength decreased as the CA substitution ratio increased. The products in the recovered cracks are
found to be mostly Ca(OH),, MgCO;, and CaCO; CaCO; was shown to be the main healing product and had a higher
portion than Ca(OH), and MgCO; in the recovery products. Moreover, the optimal mix derived via water permeability and

crack width results was 8% CSA + 1% CA + 2.5% MgO.
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Fig. 1. Particle size distribution of raw materials
Table 1. Chemical compositions of raw materials
O"id(i A)Cv‘v’;te“ts OPC | CSA#0 | cCA MgO
CaO 59.19 43.40 47.74 0.845
SiO, 17.06 1.56 9.83 0.893
ALO; 4.54 10.62 2.67 0.291
Fe,0;3 3.20 0.39 2.19 0.199
Na,O 0.14 0.06 1.46 0
K0 0.95 0.07 0.18 0.003
SO; 4.38 27.04 2.50 0.041
MgO 225 1.13 8.84 91.047
Table 2. Mixture proportions
Binder(g)
Mix type | W/B Sand(g)
OPC | CSA CA MgO
Plain 0.45 1166 536.0 47 0 0
SH1 0.45 1166 530.2 47 5.8 0
SH2 0.45 1166 524.3 47 11.7 0
SH3 0.45 1166 518.5 47 17.5 0
SH4 0.45 1166 512.7 47 233 0
SHM1 0.45 1166 515.6 47 5.8 14.6
SHM2 0.45 1166 509.8 47 11.7 14.6
SHM3 0.45 1166 503.9 47 17.5 14.6
SHM4 0.45 1166 498.1 47 233 14.6

ChH] 8%S UiA[oI 2E Al=20ll = U=, CAS| =0 ot
2 AlRE AIHE Z2F tijH] 2H1, 2, 3 4%= CHA|(SHI-SH4)5H0d
A2 E(QICEH MgOo7t ANZE 0|MHT(Qureshi et al. 2018)
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Fig. 2. XRD patterns of raw materials: (a) Portland cement, (b) CSA, (c) MgO, and (d) CA
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Table 3. Percent of hydration products detected in the cracks of specimens after 35d through TG analysis

TG(%) P SH1 SH2 SH3 SH4 SHM1 SHM2 SHM3 SHM4
Ca(OH), 3.24 4.81 3.28 2.92 3.82 3.48 347 4.38 2.80
MgCO; - - - - - 6.92 6.57 591 5.51
CaCO; 39.16 26.18 39.50 38.30 33.68 28.05 29.23 33.95 38.39

Table 4. Reduction of crack width P-SM4 Specimens
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