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Abstract

Assessment on adequate dosage of superplasticizer in eco-friendly ultra-high performance concrete (UHPC) containing indus-
trial by-products was carried out from the standpoint of workability. Various types of industrial by-products, including blast-fur-
nace slag, coal bottom ash and rapid-cooled electric arc furnace oxidizing slag, were utilized, and the effects of dosage of
superplasticizer on the workability and strength of UHPC containing the by-products were evaluated. By utilizing the by-prod-
ucts, the workability of UHPC was improved and required dosage of superplasticizer was reduced. In addition, the material cost
for UHPC with by-products was decreased due to reduced dosage of superplasticizer.
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Table 1. Chemical compositions of binder and filler materials

e
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16)

Contents (%)
Component
Cement Silica fume Silica powder GGBFS Bottom ash
SiO, 23.0 95.0 972 34.1 48.0
AlLO; 341 0.0 0.0 14.8 20.1
CaO 60.6 0.27 0.20 41.9 7.11
Fe,04 3.13 0.31 0.23 0.98 8.77
MgO 3.68 0.64 0.31 6.61 3.13
TiO, 0.0 0.67 0.77 1.00 1.11
MnO 0.08 0.15 0.13 0.30 3.13
L.O.L 224 2.19 091 1.32 8.10
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32&H 2 v E L (Ground granulated blast-furnace
slag, GGBFS), &% AFsl&# 1 (Rapid-cooled, electric
arc furnace oxidizing slag, REOS), H}H ol A](Coal
bottom ash)°]th. GGBFS+ £-32olA] X2 (Pig iron)
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Fig. 1. Particle shape of rapid-cooled, electric arc furnace
oxidizing slag (REOS).




Fig. 2. High strength steel fibers.
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Table 2. Cost for materials in UHPC

Materials Cost (KRW/kg)
Cement 80
GGBFS 46.4
Binder Silica fume 728
Silica powder 364
Bottom ash powder 29
Silica 1 51.9
Silica 11 42.8
Aggregate
REOS 1 40
REOS 1I 40
Steel fiber 4,000
Superplasticizer 5,000

%S GGBFSZ thAgh vig2 G30Bpl1oE 37193
oh B3 253 EYEE 0011004 0.0072 &=
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Table 3. Mix design, performance and cost of UHPC for Series A

Series A Control GOBspl11 GOBsp7 G30Bspl1 G40Bsp7
Mix proportion
Cement 1 1 1 0.7 0.6
GGBFS - - - 0.3 0.4
Silica Fume 0.25 0.25 0.25 0.25 0.25
Silica powder 0.25 - - - -
Bottom Ash - 0.25 0.25 0.25 0.25
Water 0.22 0.22 0.22 0.22 0.22
Superplasticizer (Solid content) 0.011 0.011 0.007 0.011 0.007
Fiber (volume fraction) 1.0 1.0 1.0 1.0 1.0
Aggregate Silica 1 0.306 0.3 0.302 0.3 0.302
Silica 1I 0.714 0.7 0.705 0.7 0.705
Performance and cost
Flow (mm) without fiber 180 150 175 213 225
with fiber 180 135 170 223 234
7 days 134 - 143 128 127
Compressive strength (MPa) 14 days 154 - 140 131 149
28 days 166 155 147 149 164
Cost of UHPC (1,000 KRW/m®) 836 764 704 757 695
Table 4. Mix design, performance and cost of UHPC for Series B
Series B Control GBspl1 GBsp9 GBsp8 GBsp7 GBsp6
Mix proportion
Cement 1 0.6 0.6 0.6 0.6 0.6
GGBFS - 0.4 0.4 04 0.4 0.4
Silica Fume 0.25 0.25 0.25 0.25 0.25 0.25
Silica powder 0.25 - - - - -
Bottom Ash powder - 0.25 0.25 0.25 0.25 0.25
Water 0.22 0.22 0.22 0.22 0.22 0.22
Superplasticizer (Solid content) 0.011 0.011 0.009 0.008 0.007 0.006
Fiber (volume fraction) 1.0 1.0 1.0 1.0 1.0 1.0
Silica 1 0.306 - - - - -
Aggregate Silica II 0.714 - - - - -
REOS 1 - 0.385 0.386 0.387 0.388 0.389
REOS 11 - 0.899 0.901 0.903 0.904 0.906
Performance and cost
without fiber 180 249 245 255 245 240
Flow (mm)
with fiber 180 270 273 273 260 273
) 7 days 134 108 110 112 115 108
Compre(si/‘[;z)m“gth 14 days 154 - ; 134 137 131
28 days 166 139 138 145 143 148
Cost of UHPC (1,000 KRW/m?) 836 760 735 717 700 682
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Fig. 3. Flow and compressive strength of the curing ages of

28 days: (a) Series A; (b) Series B.
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