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Development and Application of Ultra High Performance Concrete
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ABSTRACT

In order to develop an Ultra High Performance Concrete (UHPC) suited to the Korean
conditions, KICT has carried out several parts of research in the field of UHPC from 2003.
KICT developed UHPC which was a structural material exhibiting very remarkable mechanical
performances with compressive strength, tensile strength and flexural strength rising up to
200MPa, 15MPa and 35MPa, respectively. In addition, this material presents exceptional durability
regard to the very low diffusion and penetration speeds of noxious substances like chloride ions.
This 200MPa strength concrete has been effectively adopted for the construction of bridges like
Sherbrooke Bridge in Canada in 1997, Sunyu Bridge in Korea in 2002, Meata Bridge in Japan in
2003, Sheperds Guelly Creek Bridge, the first ultra-high strength concrete highway bridge in
Australia in 2004 and, more recently in 2005, Mars Hill highway bridge in USA in 2005. The
construction of structures using ultra high performance concrete is a worldwide development trend

of concrete technology for the construction of advanced facilities in the 21st century.
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Components Fibers Sand Cement Quartz Silica Super Water
D Steel Quarts HSR Flour Fume Plasticizer | (total)
Length(mm) 13
Diameter(ym) 200.0 310.0 10.0 2.0 0.2
Density 7.79 2.65 3.17 2.65 2.27 1.21
Mass ratio 0.216 1.430 1.000 0.300 0.325 0.012 0.200
Vol. Fraction 0.021 0.402 0.235 0.084 0.107 0.004 0.142
kg/m' 16 1066 746 224 9 142 142
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Properties Plain Concrete FRC UHPC(KICT)
Compressive Strength 21~27MPa 30~50MPa 190~220MPa
Flexural Strength 1~3MPa 5~15MPa 30~35MPa
E-modulus 21,000~ 35,000MPa 30,000 ~40,000MPa < 50,000MPa
Characteristics of Behavior Brittle Quasi—Brittle Ductility
Characteristics of Crack Partial Partial + Multiple Multiple
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Concrete type UHPC(KICT) HPC NSC
Curing mode (8 Soced | (380)

w/C 0.2 0.2 0.35 0.5
Permeability no drying 1.0E-22 1.0E-22 1.0E-19 2.0E-18
severe drying <1E-20 <1.0-20 5.0E-18 3.5E-17
Diffusivity ~ CI (m'/s) 2.0E-14 1.5E-12 1.8E-11
Freeze-thaw scaling (g/cm) 7 7 900 >1000

Carbonation depth(mm) 0.05 0.04 2 10
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