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Impact Compressive Performance and Damage Evolution of Ultra-High Performance
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Abstract: Ultra-high performance concrete (UHPC) with excellent performance was prepared with two kinds of ultra-fine
copper-plated steel fibers with different shapes. The multiple high-speed impact compression experiments of UHPC were carried out
by a split Hopkinson pressure bar. The effects of strain rate, impact times, steel fiber types and hybrid fibers on the impact resistance
of UHPC were investigated. The dynamic damage evolution of UHPC under multiple impact was characterized by X-ray computed
tomography and the damage degree of UHPC was quantitatively analyzed. The results show that the reinforcing effect of end hook
steel fibers on UHPC is a slightly better than that of straight steel fibers, and the material with 1% straight steel fibers and 2% end
hook steel fibers has the optimum static and dynamic mechanical properties. An improved dynamic increase factor model was
proposed. It is indicated that the simulated data by this model are in reasonable agreement with the experimental results.
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Table 1 Chemical compositions (mass fraction w) of cement, FA and SF w/%
Raw material SiO, AlLO; Fe, O3 CaO MgO SO; K,0 Na,O LOI
Cement 20.56 4.82 3.85 65.84 0.78 1.26 0.37 1.15 1.37
Fly ash (FA) 55.68 27.53 6.21 3.01 1.27 1.10 1.42 0.95 2.83
Silica fume (SF) 95.79 0.31 0.62 0.59 0.51 0.73 0.17 0.32 0.96

LOl is loss on ignition.

#*2 UHPC #RIBCELL
Table 2 Mix proportions of UHPC

wi% 0/%
Item Sand binder ratio Water binder ratio
Cement Fly ash Silica fume Superplasticizer SF1 SF2
SO 50 40 10 2 1.25 0.18 0 0
S3 50 40 10 2 1.25 0.18 3 0
H3 50 40 10 2 1.25 0.18 0 3
S1H2 50 40 10 2 1.25 0.18 1 2
S2H1 50 40 10 2 1.25 0.18 2 1

@ is volume fraction. SF1 is straight steel fiber. SF2 is end hook steel fiber.
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(b) Flexural strength of UHPC
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Fig. 1 Static mechanical properties of UHPC
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Table 3 Impact compression results of UHPC at different strain rates

Item Strain rate/s ™' Peak stress/MPa Peak strain/107 Area under curve
SO 14 74.20 2.10 0.1337
35 119.49 3.51 0.5820
48 145.20 4.14 1.0419
S3 55 142.13 3.72 1.9698
86 180.40 4.54 3.5634
126 228.77 5.75 3.7748
H3 58 144.29 4.18 2.3996
88 178.44 5.02 3.5056
132 235.18 6.35 5.7138
S1H2 55 145.64 4.65 3.1553
86 183.84 5.76 4.4276
134 239.74 7.18 6.6326
S2H1 53 142.87 4.38 2.4401
85 180.30 541 3.8712
130 235.58 6.92 6.4376
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Fig. 3  Stress-strain curves of UHPC under multiple impact compression
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