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Performance of Fresh and Hardened Ultra High Performance Concrete
without Heat Treatment

Sung-Hoon Kang" and Sung-Gul Hong"*
YDept. of Architecture & Architectural Engineering, Seoul National University, Seoul 151-744, Korea

ABSTRACT This study investigates the relationship between the performance of fresh and hardened Ultra-High Performance
Concrete (UHPC) without heat treatment. The performance of fresh UHPC is determined by the slump flow test related to the fluidity
of concrete mixtures, and the air content test. The variables of these tests are the water to binder ratio, superplasticizer dosages and
volume fractions of steel fiber. Generally, insufficient fluidity and excessive air contents in concrete mixtures lead to the insufficient
packing density related to the performance of harden concrete. The performance of hardened UHPC is determined by the
compressive and flexural tensile tests. The results of the fresh UHPC tests show that there is the linear correlation between each
variable and the slump flow diameter, and that the slump flow diameter is linearly decreased as the air content ratio increase. Using
these results, the formula is developed to predict the fresh performance before mixing UHPC. The results of the hardened UHPC tests
show that the hardened performance is not influenced by the air content ratio in the range of 3.2 to 4.2 per cent. However, the flexural
tensile strength dominantly influenced by the volume fractions of steel fiber.
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Fig. 1 Lubricating mechanism of UHPC'?
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Fig. 2 Relationship between relative density and water contents®

Table 1 Required water to cement ratio of RPC with various
fiber volume fractions

Fiber volume fractions (vol.%)
Item
0 1.5 2 2.5
W/C (%) 21.0 21.5 22.0 23.0
W/B (%) 17.1 17.5 17.9 18.7
Slump flow (mm)| 700.0 630.0 660.0 600.0
et 2 ds 232IEUHPC)L| &t Mt 2| ds A | 25
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Table 2 Properties of cement and silica fume

Material Firless/speciﬁc2 surface area Densigy Chemical composition (%)
(em™/g) (g/em’) Si0, ALO; Fe,0; CaO MgO SO;
Cement 3492 3.15 21.16 4.65 3.14 62.79 2.81 2.13
Silica fume 200000 2.20 96 0.25 0.12 0.38 0.1 <0.2
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Mix proportion
W/B : 14.8~18%
SP/C:2.5~4%
Steel fiber : 0, 1, 2 vol.%

N N\

" Hardened properties

Compressive strength

Flexural tensile strength

Fresh properties

Slump flow : 550~800mm (Plan)
pmd

v
Air contents : 3.2~4.2% (Result)

Fig. 5 Test variables
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1 0 215 | 17.2 3 800 32 | 147.0 | 0.68% | 147 | 148 | 146

2 0 21 16.8 3 780 159.7 | 2.96% | 156 | 165 | 158 | 28.1 1.39% | 27.8 | 27.9 | 28.5
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12 0 21 16.8 | 2.75 660 3.7 | 151.7 | 7.05% | 161 | 154 | 140

13 0 21 16.8 2.5 550 3.9 | 151.7 | 2.32% | 148 | 155 | 152

14 2 21 16.8 3.5 710 3.5 | 139.7 | 5.47% | 148 | 138 | 133

15 2 21 16.8 | 3.25 660 3.7 | 1353 | 7.40% | 125 | 145 | 136

17 1 21 16.8 3 700 148.7 | 2.36% | 152 | 145 | 149 | 29.8 | 0.95% | 30.1 | 29.7 | 29.6
16 2 21 16.8 | 2.75 550 42 | 152.7 | 3.36% | 157 | 154 | 147

18 0 185 | 14.8 4 660 151.0 | 3.97% | 145 | 151 | 157

19 0 19.5 | 15.6 3.5 680 159.0 | 1.26% | 159 | 161 | 157

20 0 22 17.6 2.5 680 1583 | 2.92% | 161 | 161 | 153

21 2 19.75 | 15.8 4 670 1473 | 1.41% | 148 | 149 | 145

22 2 20.75 | 16.6 3.5 660 141.7 | 6.86% | 150 | 144 | 131

23 2 23 18.4 2.5 660 141.0 | 5.35% | 148 | 133 | 142

240 2 21 16.8 3 620 181.7 | 0.32% | 181 | 182 | 182 | 60.2 | 9.67% | 61.4 | 65.4 | 53.9

(DThe specimens are cured with heat treatments (80+2°C, 95+5% for 72 hours)
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Table 5 Flow domain classifications of fresh UHPC?"

Class

A B
(stiff) (fluid)

C
(highly fluid)

Average flow

measurements after| < 200 200~250
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