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Constitutive Model and Failure Criteria of Alkali-Activated Concrete Under Confining
Pressure
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(1. Key Laboratory of Coast Civil Structure Safety of Ministry of Education, Tianjin University, Tianjin 300350, China; 2. Tianjin
Key Laboratory of Prefabricated Buildings and Intelligent Construction, Hebei University of Technology, Tianjin 300400, China)

Abstract: As a promising sustainable building material, alkali-activated concrete (AAC) is subjected to complex stresses.
However, current investigations on the triaxial compression performance of AAC have restricted confinement ratios and do not
account for specimen strength effects. In this work, conventional triaxial compression tests were conducted for AAC to investigate
the damage mode, mechanical properties, constitutive model and failure criterion under confining pressure. The confinement ratio
range is 0—1.4. The results show that the damage mode of AAC transforms from brittle to pseudo-ductile as the confining pressure
increases. The triaxial compression strength increases significantly with AAC strength, attaining the deformation capacity with
lower strength. A triaxial compression constitutive model available for Portland cement concrete (PCC) can substantially
overestimate the axial strain of AAC at peak stress. Based on the experimental results, the triaxial compression constitutive model
and failure criterion for AAC were proposed.
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Table 1 Properties of flash ash (FA) and ground granulated blast furnace slag (GGBFS)

Mass fraction/%
Material Particle size Dso/um  Density/(g-cm™)
SlOz A1203 CaO MgO F6203 NaZO SO} KzO P205 TlOz Other
FA 49.46  34.53 3.57 0.52 6.35 0.42 1.14 138 040 1.92 0.31 56.423 2.6
GGBFS 22.94 11.37  52.16 6.80 0.57 0.50 2.09 039 0.5 2.33 0.7 9.876 2.8

F2 WHARERLWAACOEALL

Table 2 Mixing proportions of alkali-activated concrete (AAC) kg/m’
Sample No. FA GGBFS Na,SiOj; solution Water Sand Gravel Calcined hydrotalcite
AACIS8 392.73 43.63 182.66 138.50 654.55 1 003.64 26.18
AAC42 220.18 220.18 184.34 112.47 660.55 1012.84 26.42

Note: Number behind the AAC represents the compressive strength of cylinder sample.
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Note: o is the axial stress, 0, and o3 are confining stresses.
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Fig. 1 Loading procedure of triaxial test
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Note: f'; is.axial compressive strength, AAC18 represents the sample with an
axial compressive strength of 18 MPa, AACA42 represents the sample with

an axial compressive strength of 42 MPa.

B2 AAC =Hi E4FHIA B
Fig. 2 Failure modes of AAC under triaxial compressive
loading
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Note: Ao is deviatoric stress.
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Fig. 3 Deviatoric stress—strain behavior of AAC under various
confining pressures
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Fig. 4 Normalized peak axial stress versus confinement ratio
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Fig. 5 Normalized peak axial strain versus confinement ratio
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