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Tensile Performance Analysis of Ultra-Rapid-Hardening
Fiber-Reinforced Concrete Based on Cement Kiln Dust Content
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Abstract

In this study, the effects of cement kiln dust and silica fume on the tensile performance of fiber-reinforced concrete mixtures comprising
special materials and polyethylene fiber for the reinforcement of facilities were analyzed. For the purpose of repair, ultra-rapid-hardening
cement with high C3A content was employed, and the cement was replaced with supplementary cementitious materials such as
granulated ground blast furnace slag, limestone powder, cement kiln dust, and silica fume. Cement kiln dust was incorporated at
10%, 15%, 20%, 30%, 40%, and 50% weight of cement, and silica fume was incorporated at 20% and 40% weight of cement.
Four hours after specimen fabrication, a direct tensile test was conducted. The obtained experimental results indicate that the tensile
performance (including tensile strength, strain capacity, and energy dissipation capacity) is found to be significantly high when
the content of silica fume is 20% and that of cement kiln dust is 15%.
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Table 1. Chemical Composition of URH Cement and Supplementary Cementitious Materials

Chemical Concentration (%)

Composition URH Cement GGBFS LSP CKD SF SS
Si0, 5.00-10.00 35.00 6.50 13.37 97.00 99.92
Ca0O 45.00-50.00 40.00 86.94 42.99 0.20 0.01
ALO; 15.00-20.00 13.00 0.11 3.36 0.20 0.03
Fe,0; 1.00-3.00 0.37 0.06 2.29 0.50 0.01
MgO 1.00-3.00 8.00 0.04 1.90 0.50 0.01
SO; 10.00-15.00 0.50 1.20 5.10 0.15 -
TiO, - 0.50 0.01 - - 0.04
MnO - 0.55 - - - -
Mn,0; - 0.61 - - - -

K»O + Na,O; - - 1.08 6.64 0.70 0.01
Li,O - - - - - 0.01

* URH Cement: Ultra-rapid-hardening Cement, GGBFS: Ground Granulated Blast Furnace Slag, LSP: Limestone Powder,

CKD: Cement Kiln Dust, SF: Silica Fume, SS: Silica Sand

Table 2. Mixture Proportion of URHCC

Notation Binder (C%) Agg. Water SP Fiber
URH Cement GGBFS LSP CKD SF (C%) (B%) (B%) (V%)
C10S20 10
C15820 15
C20S20 20
e 20
C30S20 30
C40S20 40
C50S20 50 25 50 70 19.2 3.84 2.0
C10S40 10
C20S40 20
C30S40 30 40
C40S40 40
C50S40 50

* URH Cement: Ultra-rapid-hardening Cement, GGBFS: Ground Granulated Blast Furnace Slag, LSP: Limestone Powder,
CKD: Cement Kiln Dust, SF: Silica Fume, SS: Silica Sand
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Table 3. Summary of Direct Tensile Test Results
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Tensile strength [MPa] Strain capacity [%] g-value [kI/m’]
C10S20 6.84 4.97 280.4
C15S820 7.27 5.12 297.5
C20S20 6.72 4.55 258.9
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C40S20 3.61 1.90 63.6
C50S20 2.12 2.22 38.6
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