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Abstract: With the goal of low-carbon environmental protection, the application of solid waste steel slag in ultra-high performance
concrete (UHPC) was explored to develop green and environmentally friendly steel slag UHPC. The research examined the effect of
varying contents of steel slag powder and steel slag aggregate on the tensile properties of steel slag UHPC through axial tensile tests.
Specifically, it analyzes the effects of replacing cement with steel slag powder and quartz sand with steel slag aggregate at different
contents on the axial tensile curve and mechanical indices of UHPC. The tensile failure mechanisms of steel slag UHPC were also
explored. The results indicated that while the axial tensile strength of UHPC decreased with the inclusion of either steel slag powder or
steel slag aggregate, it remained within acceptable limits. The material’s ductility is impacted by the type and amount of steel slag used;
specifically, adding steel slag powder alone enhanced ductility, whereas adding steel slag aggregate alone reduced it. When the combined
content of steel slag powder and aggregate was relatively low, the material exhibited good ductility and a multi-crack failure mode. Based
on the analysis of the tensile stress and strain characteristics, an optimal steel slag content for steel slag UHPC was recommended.
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Fig.1 The effect of steel slag on the expansion
rate of cementitious materials
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Fig.2 Dimensional drawing of dog bone type specimen
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Table 2 Design of steel slag UHPC specimens
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Fig.3 Tensile testing machine
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1z 0 811.0 0
F10 10 729.9 81.1
F20 20 0 648.8 162.2 0 460 340 280
F30 30 567.7 243.3
F40 40 486.6 324.4
G20 20 92 68 56 368 272 224
G40 40 184 136 112 276 204 168
G60 0 60 811.0 0 276 204 168 184 136 112
G80 80 368 272 224 92 68 56
G100 100 460 340 280 0 0 0
F10G20 20 92 68 56 368 272 224
F10G40 40 184 136 112 276 204 168
F10G60 10 60 729.9 81.1 276 204 168 184 136 112
F10G80 80 368 272 224 92 68 56
F10G100 100 460 340 280 0 0 0
F20G20 20 92 68 56 368 272 224
F20G40 40 184 136 112 276 204 168
F20G60 20 60 648.8 162.2 276 204 168 184 136 112
F20G80 80 368 272 224 92 68 56
F20G100 100 460 340 280 0 0 0
F30G20 20 92 68 56 368 272 224
F30G40 40 184 136 112 276 204 168
F30G60 30 60 567.7 243.3 276 204 168 184 136 112
F30G80 80 368 272 224 92 68 56
F30G100 100 460 340 280 0 0 0
F40G20 20 92 68 56 368 272 224
F40G40 40 184 136 112 276 204 168
F40G60 40 60 486.6 324.4 276 204 168 184 136 112
F40G80 80 368 272 224 92 68 56
F40G100 100 460 340 280 0 0 0
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Fig.4 Cracking characteristics of single steel
slag powder specimen
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Fig.5 Microscopic of each group of steel slag powder
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Fig.9 Stress-strain curves of steel slag powder groups
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Fig.10 Stress-strain curves of steel slag aggregate groups
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