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Mechanical Properties and Cracking Characteristics of UHPC with Hybrid Steel Fibers at
Early Age under Different Curing Conditions

KAN Lili', WANG Fei', WU Haijiang', DUAN Xinzhi**
(1. School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Shanghai Municipal Planning & Design Institute Co. Ltd., Shanghai 200031, China;
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Abstract: The hydration degree and mechanical properties of ultra-high performance concrete (UHPC) specimens with hybrid steel
fibers cured in air and hot water (1 d, 60°C hot water + 2 d air), respectively, were investigated via ignition loss tests and uniaxial
tensile and compressive tests. Also, the surface cracking characteristics of tensile specimens were characterized by digital image
correlation technique and optical microscopy, and the microstructures were analyzed by scanning electron microscopy. The results
show that compared with the results obtained in air curing, hot water curing accelerates the hydration reaction progress of the UHPC
matrix, and an increase in temperature mainly contributes to the promotion of hydration reaction, thus improving the initial cracking,
tensile and compressive strength of the UHPC specimens in hot water curing. However, the tensile strain capacity changes slightly. In
general, the maximum crack width of the specimen decreases, the matrix becomes denser, and the interface bonding between the
fibers and the matrix is stronger. The tensile strain of UHPC increases with the increase of fiber content, in which the tensile strains of
the specimens with 2.5% (volume fraction) of fibers (a ratio of long fibers to short fibers is 1.25: 1.25 and 1.5: 1.0, respectively) are
more than 2 x10~3, the specimen with 1.5% long fibers and 1.0% short fibers produces more tensile cracks with the width of < 50 um
in hot water curing. The uniaxial tensile strains predicted by DIC are in reasonable agreement with the strains measured.
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Table 1 Chemical composition of cement and silica fume

Mass fraction w/%

Material
SiO, ALO; Fe,O; CaO MgO SO; Na,O K,O LOI

Cement 193 338 34 635 28 35 010 08 144

Silica fume 93.0 03 08 03 03 08 036 1.50
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Table 2 Characteristic parameters of tensile properties

Curing condition Mixture Initial cracking strength o, /MPa Tensile strength 0 /MPa Tensile strain capacity/ 107
Air L1.25S1.0 6.44+0.32 8.53+0.37 15994316
L1.25S1.25 6.04+0.79 7.85+0.62 2320+362
L1.5S1.0 6.53+0.12 9.11+0.44 2 593+426
Hot water L1.25S1.0 8.25+0.05 11.42+0.46 1 788495
L1.25S1.25 8.12+0.27 11.33+0.13 2 572+119
L1.5S1.0 8.93+0.53 13.93+0.19 2 9454456
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Table 3 Surface crack characteristics of the UHPC tensile specimens with different hybrid steel fibers under two kinds of

curing conditions

Curing conditions ~ Mixture Measure methods <10pm 1020 um 20-50 um  >50 pm Total crack numbers ~ Maximum crack width/um

Air L1.25S1.0 DIC 2 0 0 1 3 134
oM 0 0 0 1 1 147

L1.25S81.25 DIC 4 1 1 1 7 108

oM 1 1 2 1 5 136

L1.5S1.0 DIC 1 3 0 2 6 92

OM 0 0 3 2 5 107

Hot water L1.25S1.0 DIC 0 0 1 1 2 97
OM 0 0 1 1 2 120

L1.25S1.25 DIC 4 0 2 2 8 87

OM 0 1 1 2 4 104

L1.5S1.0 DIC 2 5 4 0 11 32

OM 1 6 2 0 9 47

Note: DIC refers to the crack characteristics corresponding to the ultimate tensile stress obtained by DIC; OM represents the measured residual crack

characteristics by optical microscope after unloading, when the load reaches the ultimate tensile stress.
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Fig. 8 SEM images of L1.5S1.0 samples under two kinds of curing conditions
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