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Abstract

In recent years, self-compacting concrete (SCC) has gained wide
application in the construction industry. In spite, there is a limited
understanding regarding the factors that influence the combined effect of
SCC and hybrid fiber on one hand, the triple effect of SCC and hybrid fiber
with SiO, nanoparticles incorporation on the other hand due to the possible
conflict of these factors on the resultant fresh and hardened properties.

This research concerned studying the combined effect of using nano-
silicaand/ or hybrid fiber, (i.e. steel fiber and polypropylene fiber), on fresh
and key mechanical properties of SCC. A comprehensive experimental
work has been carried out, using steel fiber with volume fraction (0.5% and
1.5%), polypropylene fiber (0.05% and 0.15%) and SiO, nanoparticles (2%
and 4%) by weight of cement with constant w/c ratio (0.48) to produce
eleven different mixtures and tested at ages (7, 28 and 90 days).

Fresh properties results showed that adding steel fiber,
polypropylene fiber and/or nano-silica had definite adverse effects on all
workability properties of fresh SCC. The adverse effects, however, were
more pronounced in polypropylene fiber. More dosage of superplasticizer,
therefore, should be added to stay within the standard limits.

Comparable to conventional concretes, the presence of steel fiber
with SCC provide slight increase in cubical compressive strength and
elastic modulus, at 28 days, (up to 10.9 % and 5.5% respectively), while
significant enhancement in tensile properties were observed (up to 31.3%
and 37.1% for splitting and flexural strength respectively). Polypropylene
fiber or hybrid fiber, however, provide lower enhancement, or even
negative effects, compared with steel fiber. In contrast, implementation of
nano-silica leads to significant improvement in concrete strengths

particularly at 4% dosage. The improvements were up to 42.7%, 19.5%,
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25%, and 37.1%, for compressive strength, elastic modulus, splitting and
flexural strengths respectively. Combined effect of 4% nano-silica and
1.5% of steel fiber provide the superior hardening effect on the flexural
performance compared with softening effect provided by other added
dosages and thus toughness values were enhanced up to 106.8% compared
with reference concrete. Volume fraction 1.5% and 4% SiO, nanoparticles
seem to be the optimum value based on the nominated properties.

It is also noticed that the increment in the density reached up to
(2515.2 kg/m®) with a reduction in water absorption and porosity about
(2.99% and 16.2%) at 28 days, the degree of improvement is related to the
large percentage of steel fiber used and SiO, nano-particles.

SEM images showed that the addition of nano-silica has modified
the microstructure of the cement paste and increased the average chain
length of silicate chains by the consumption of CH, also modifies the
internal structure of C—S—H, this behavior is clearly evidence in N4-SCC
microstructure in contrast with SCC-Ref. microstructure, where it is easy
to recognize the continuous microcracks of SCC-Ref. mix, but it is difficult

for N4-SCC due to intermittent or even invisible microcracks.
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