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ABSTRACT
   Ultra-High Performance Concrete (UHPC) compared to normal concrete is exhibiting extremely high 
strength characteristics with compressive strength and tensile strength reaching 200MPa and 15MPa, 
respectively. The mechanical characteristics of UHPC can be thus exploited advantageously in the 
construction of structure through the reduction of the cross-sectional area and fabrication of slim and 
light-weight of the structural members. In the case where the structural member is made of UHPC, the 
occurrence of crack can be prevented by releasing the restraint provided by the form in due time. This 
research performs parametric study of the failure characteristics of concrete such as failure energy and 
softening curve suggested by the viscous crack model approximating the failure of concrete. The scope of 
this research contains the results of tests performed to investigate the strength of UHPC during early 
elapsed time.
 

1.  INTRODUCTION
  

The stresses induced by hydration and shrinkage in concrete structures are mostly occurring at early age. 
Since most of the criteria relative to the concrete strength are referring to the values after 7 days, the use 
of current models is likely to provide improper estimation of the early strength in the case of materials 
experiencing significant shrinkage like Ultra-High Strength Fiber Reinforced Concrete (UHSFRC). 
Accordingly, research should be dedicated to the physical properties of concrete at early age in order to 
predict the eventual occurrence of cracks and stresses due to shrinkage during the fabrication of concrete 
members.

2.  MATERIALS AND MIX PROPORTION

Type 1 ordinary Portland cement produced in KoreaandsilicafumemadeinChinawereused. Silica powder 
produced in Korea was adopted as filler. Coarse aggregates were not introduced and quartz-sand with grain 
size of 0.5mm and produced in Australia were used as fine aggregates.1% of shrinkage reducing agents 
were admixed and 5% CSA-type expansion admixture was admixed. Superplasticizer classified as hydrate 
polycarboxylicacids was added for the concrete mix exhibiting low water to cement ratio.
Steel fibers with dimensions of ø0.2×13mm were admixed at 2% volume to improve the tensile strength 
and toughness. High-performance mixer developed by the Korea Institute of Construction Technology 
(KICT) was used to mix concrete. Table 1 lists the mix proportion of UHSFRC. 
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Cement Water   
content

Silica  
 fume

Fine 
aggregates

Filler SP 
agent

Steel 
fiber

Expansion  
admixture

Shrinkage   
reducing agent

1.00 0.22 0.25 1.10 0.30 0.025 0.20 0.05 0.01

Table 1 Mix proportion of concrete.
 

Relative ratio: weight ratio to cement

3.  TEST RESULTS AND ANALYSIS

Fig.1 plots the result of the regression analysis for the compressive strength-age relationship. Fig.2 shows 
the result of the regression analysis performed on the flexural strength-age curves. The flexural strength 
increases rapidly from early age to 2 days and, thereafter, presents rapid decrease of the increase rate. Fig.3 
plots the results of the three-point bending test performed on 100×00×400mm specimens with notch of 
30mm. As shown in Figure 8, slight changes were observed for the initial stiffness according to the age. 
However, it can be seen that the maximum load is increasing gradually and that the behavior in the 
softening region is becoming brittle.                                  

Fig.1 Comp.strength-age relationship Fig.2 Flex.strength-age relationship  Fig.3 Comparison of load-deflection 

   4.  CONCLUSIONS

(1) Compression test: Compression tests were conducted for a total of 10 ages until 28 days to propose a 
model for the development of compressive strength in UHSFRC at early age. In addition, a model enabling 
to predict the compressive strength with respect to the age.
(2) Three-point bending test on bending specimens without notch: Bending tests were conducted at ages 
identical to those of the compression test in order to propose a flexural tensile strength model according to 
the age of UHSFRC. A predictive model for the flexural tensile strength was suggested based on these 
results.
(3) Three-point bending test on bending specimens with notch: Three-point bending tests were carried out 
on notched specimens made of UHSFRC for a total of 10 ages. The test results being currently processed, 
a model predicting the tension softening diagram of UHSFRC at early age will be proposed in a short 
delay after inverse analysis of the results.
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