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Abstract

One of the key features of ultra-high performarnberfreinforced concrete (UHPFRC) is the inclusidmuartz powder (QP) as a
filler to optimize granular packing. However, QPshaot been compared against limestone powder (wLRgrims of the filler
effects such as hydration characteristics, stregivelopment, and autogenous shrinkage of the etsncin this study, the
effectiveness of LP as a filler is evaluated agaimst of QP in order to verify its potential fosaias a new functional and human-
friendly filler in UHPFRC. For this purpose, fivgpes of fillers consisting of similar-sized QP ané were designed while
maintaining the same water-to-cement (w/c) and lgsticizer-to-cement (sppl/c) ratios. The eadg atrength increased by up
to 12% depending on the LP content, due to therfiiffect which accelerates cement hydration bwidieg a preferential
surface for nucleation. However, the LP only acdsdan inert filler, like QP; it did not participatethe formation of additional
hydration products as confirmed by conducted aialyexperiments. Although the 28-day strength Ws7% lower than that
of the classical UHPFRC containing QP, the 91-degngth was 1%-4% higher. The early age shrinkage also accelerated by
the filler effect of the LP, but its duration wasostened in proportion to the LP content.
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1. Introduction

There has been an increasing interest in the umestone powder (LP) for the sustainable develmmpnand utilization of
Portland cement (PC)-based construction matef#lis interest has been motivated by the advantagssciated with the use of
LP, such as low price, homogeneous compositiomadmt reserves, ease of quality control, and waddwavailability [1-3]. LP
has been used as a functional filler to accelezateent hydration as well as to improve the worligbdnd fresh properties of
concretes [4-6]. Due to the filler effect, LP aerates the initial hydration of PC by providing #iehal surfaces for the
nucleation and growth of the hydration productd1$- Furthermore, LP aids the formation of stablmAcarbonate equivalents
(such as hemi- and/or monocarboaluminate phad#s)ugh it has no pozzolanic properties and possessry weak reactivity [2,
7,9, 11, 12]. This increases the volume of ther&yoin products, leading to a decrease in the jtgrasd an increase in the
strength [2, 11, 13]. As a result, the use of LRamcretes has contributed to a reduction in theralconsumption of PC [9].
Additionally, LP can be used economically as a mah@lasticizer to make self-compacting concret€¥ by facilitating a

reduction in the requirement for polycarboxylateeet(PCE)-based superplasticizer (sppl) [1, 9, 14].

The positive effects (that is, hydration and luétion effects) of LP are more pronounced in coesratith low water-to-
cement (w/c) ratios [2, 14, 15]; such concretesdraracterized as containing large amounts of urtgd cement and PCE-
based sppl [16, 17]. In particular, ultra-high peniance fiber-reinforced concrete (UHPFRC), whichswdeveloped by
optimization of the granular mixture, has an exegmow w/c ratio and a high superplasticizer-topemt (sppl/c) ratio [18-20].
To reduce both the high demand for PC (of arour@ i&fin?) and the unhydrated cement content (of hundredgf’) in the
concrete [21, 22], a reasonable method for repdpaiproportion of the PC with LP has recently bpeposed [23, 24]. Strictly
speaking, this method has been applied only ta-hitgh performance concrete (UHPC) that does notado steel fibers, and

even then, conflicting results have been repoitacket al. [23] showed a decrease in compressiemgth at 28 and 91 days when
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