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Abstract: In order to improve the rheology and stability of ultra—high performance concrete containing coarse aggregate (CA-UHPC),
the effects of silica fume, coarse aggregate, and steel fiber contents on the rheological properties of CA-UHPC were investigated, and
the relationship among the rheological parameters, fiber, and coarse aggregate distribution was established. The results show that
CA-UHPC usually exhibits a shear-thinning behavior. The modified Bingham model has more accurate fitting results of rheological
parameters, and the fluidity required for the rheological properties test can be controlled at 450-690 mm. Increasing the silica fume
content increases the yield stress, decreases the viscosity, and weakens the shear-thinning behavior. Increasing the coarse aggregate
content firstly decreases and then increases the yield stress and viscosity, and intensifies the shear-thinning behavior. And increasing
the steel fiber content increases the yield stress and viscosity, and intensifies the shear-thinning behavior. The number of steel fiber
decreases from the top to the bottom of samples, while the proportion of coarse aggregate increases. The uniform dispersion degree of
coarse aggregate increases with the increase of coarse aggregate content, but steel fibers deteriorate the uniform dispersion degree of
coarse aggregate. The uniform distribution degree of steel fiber and coarse aggregate firstly increases and then decreases with the
increase of steel fibers content.

Keywords: ultra—high performance concrete containing coarse aggregate; rheological properties; coarse aggregate distribution; steel
fiber distribution; stability
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Table 1 Chemical composition of cement w/%
CaO Si02 MgO F6203 A1203 SO} Nazo Kzo Ti02 Others
64.312 19.468 1.237 3.170 4.226 3.143 0.109 0.536 0.251 3.548

w—DMass fraction.
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Table 2 Mix proportions of CA-UHPC

Mix proportion/(kg-m™)

Sample Fluidity/ 28 d compressive
No. Cement  HDC Silica River Coarse Steel fiber ~ Superplasticizer ~ Water mm strength/MPa
fume sand aggregate

JZ1 700 190 110 850 480 0 14 140 540 132.0
172 700 190 110 850 480 0 15.5 140 720 135.6
SF5% 700 250 50 850 480 0 14 140 680 126.5
SE7% 700 230 70 850 480 0 14 140 630 130.2
SF15% 700 150 150 850 480 0 14 140 375 1224
CA400 700 190 110 850 400 0 14 140 630 128.5
CA440 700 190 110 850 440 0 14 140 650 131.6
CA560 700 190 110 850 560 0 14 140 450 1252
SSF0.5% 700 190 110 850 480 56 16 140 690 137.7
SSF1% 700 190 110 850 480 78 16 140 605 142.2
SSF2% 700 190 110 850 480 156 16 140 500 155.8
SSF2%-2 700 190 110 850 480 156 13 140 430 144.2

JZ1 is also the mix proportion of 11% silica fume content (SF11%) and 480 kg/m’ coarse aggregate content (CA480);SSF0.5%, SSF1%, SSF2% and SSF2%-2

represent the steel fiber volume fraction of 0.5%, 1% and 2% respectively.
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Fig. 1 Procedure for rheology test
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Fig. 2 Schematic diagram of phase stability test
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Table 3 Fitting results of rheological model

Modified bingham Herschel-bulkley
Samples No.  pp/( kg~m’3 ) h/m Roussel value
70 " c R? c/u 70 K n R?

JZ1 2 460 0.150 155.52 167.26  301.16 -12.71  0.988 -0.042 12183 1772 0.27 0.999
172 2470 0.185 37.13 -2.45 22586 -4.68  0.999 -0.021 -119.9 340 0.75 0.999
SF15% 2420 0.165 951.42 49749  258.56 -10.63  0.965 —0.041 —4764.6 6089 0.12 0.998
CA400 2 480 0.135 69.96 64.09 275.14 -10.30  0.996 —0.037 —587.5 959 0.45 0.999

CA560 2430 0.145 383.91 35891  343.04 -21.00 0.928 —0.061 Failed
SSF0.5% 2490 0.165 46.33 4443  328.87 -12.86  0.998 —0.039 —690.7 1093 0.41 0.997
SSF2%-2 2 560 0.180 507.69 372.10  419.09 -19.56  0.969 -0.047  —6175.8 8057 0.10 0.995
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