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Abstract

Mechanical Performances of 100MPa Ultra-High Performance
Cementitious Composites Varying with Volume Fractions of

Various Steel Fibers

Lee, Seung Yun
Advisor : Prof. Cho Chang Geun, Ph,D
Department of Architectural Engineering,

Graduate School of Industry, Chosun University

Recently, the infinite possibilities of human are being tested with the
development of highrise building technologies with a height of over 1 kilometer
in domestic and oversea. Moreover with concrete has excellent in forming with
plasticity in fresh concrete, the required performances for building structures
that can satisfy long span, non-uniform, and diversity in architectural design
are becoming higher for clients. In particular, for concrete to satisfy diverse
required performances, researches for the resolution of weak characteristics

such as brittle failure, explosive spalling and shrinkage problems is needed.

This objective of this research is to present reasonable mix designs of Ultra
High-Per formance Cementitious Composites (UHPCC) with compression strengths of
100MPa varying with volume fractions of straight-line steel fibers. For this
reason, it was demonstrated that the developed UHPCC is possible to secure
targeted slump flow for constructability, and was verify mechanical performances
through the testing of compression strength, direct tensile strength and tensile

strain, and shearing strength and shear strain in order to present UHPCC that
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overcomes the limitations of normal concrete. For this, it was mixed 19.5mm and
16.3mm steel fiber with a ratio of 2:1 and added admixtures such as high range
water reducing ad, expansive additives, and zirconia silica fume, with W/B=0.18
according to volume fractions (1%, 1.25%, 1.5%, 1.75%), presented reasonable
combinations for ultra high-performance cementitious composites that satisfy
100MPa compression strength performance to figure out slump flow, tensile

per formance, and shear performance.

The following results were presented. First, constructability was secured with
the slump flow of 700mm or more regardless of steel fiber volume fraction and
with the appropriate combination ratio of steel fiber 2:1, there was not much
fiber ball. Second, compression strength tests showed that the high compression
strength of 110MPa was satisfied, regardless of steel fiber volume fractions.
Third, direct tensile strength tests showed that tensile performance appeared to
be higher in cases where fiber volume fraction was high and in cases of 1% fiber
volume fractions with identical average tensile strength and average tensile
strain, comparisons made with cement composites that mix amorphous steel fiber
and Bundrex steel fiber with a volume fraction of 1% verified tensile
per formance that was approximately twice as high. also, comparisons of cement
composites that mix PVA fibers with an identical volume fraction of 1% showed
that UHPCC mixed with straight steel fiber has tensile strength that is
approximately 2 times stronger but cement composites mixed with PVA fiber had
tensile strain that was approximately 4 times stronger. However, such
compar isons were comparisons of general material combinations and are not
comparative data of the fiber itself. Also, verifications made of the cutting
planes of tensile test subjects showed that most steel fiber was parallel with
tension stress and that steel fiber aspect ratios of 2:1 were effective. Fourth,
pure shearing strength tests showed that in cases of fiber volume fractions of

1%, pure shear strength was measured to be 1.3 times weaker than in cases of
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1.5% but shear strain showed excellent results.
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IEAT gt = Sals =T
(MPa) (GPa) (%) (g/cm?)
(a) Steel fiber 400~2,500 200 - 7.85
(b) PVA fiber 690~1,500 11~36 3~13 1.30
(c) PE fiber 250~700 1.4~2.2 10~15 0.95
(d) PP fiber 300~750 1.4~2.2 10~15 0.91
Vectran fiber 2,300~3,200| 62~75 3~4 1.41
Acrylics fiber 200~390 2~11 25~45 1.18
High per formance
2,000~2,600| 39~41 5~6 1.30
PVA fiber
— 15 —
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[ 2.8] S8 4
SetE 24 (%)
AX AN (pm) | LE(g/cm®)
Al,Oy | MgO CaO Fe, Oy Si O, lg.loss
10 2.61 0.15 0.004 0.03 0.01 99.3 0.01
5) A
SMeE 8 & 87 =222 20t mS =MHE MESHA LU B2 AT At
0l= 0.22mmQ! 75 THAIS AEZ6IQULCH. 2T EH2 [E 2.9]10 20
[Z 2.9] ZSBT(AH EH
U
B ERY DAAEE HRAT AR
(g/cm3) pH
(g/100g) Hardness Mohss (mm)
1.71 2.62 28.0 7 6.5 0.22(#7= AH)
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