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ABSTRACT

The design of fiber reinforced cementitious composites (FRCC) is typically governed by
their mechanical properties in the hardened state, such as the tensile and compressive
strength and strain capacity. The intricacies of processing and workability of FRCC, with
fiber volume fractions ranging from 1.5 to 20% depending on the particular composition,
are often of secondary importance in small-scale laboratory production. However, the fresh
composite properties significantly influence the performance of the composite in the
hardened state, often leading to substandard mechanical properties due to non-uniform fiber
dispersion or inconsistent compaction. More importantly, the large-scale application of
FRCC in practice is often not feasible since special mixing equipment or processing
techniques are required to overcome the difficulties associated with processing and
workability.

In particular, the uniform dispersion of short, randomly oriented fibers in the
cementitious matrix at fiber volume fractions of more than 1.5% typically requires force-
based mixing equipment, such as high speed pan mixers, planetary mixers, or so-called
omni mixers, which are commercially available at the laboratory scale (5dm’ to 200dm?>).
These specialized mixers are relatively expensive for large capacities and are rarely on hand
in most concrete mixing plants and at construction sites.

This paper focuses on the fresh mix design of Engineered Cementitious Composites
(ECC), which represent one type of high performance FRCC with strain hardening and
multiple cracking behavior. The particular version of ECC described in this study utilizes
PVA fibers (dr=39%um, I;=12mm) at a volume fraction of 2%. The presented approach is
guided by consideration of the practical requirements of producing cementitious composites
at large scale under field conditions. The goal of this study is to design the composite such
that mixing can be conducted in a conventional, gravity-based drum mixer while retaining
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Direct tensile tests [5] were conducted on specimens originating from mix M-5 and
strain hardening and multiple cracking behavior were confirmed (Fig.3). This particular
version of ECC has an ultimate strength of approximately 6MPa at a strain of 4% with an
average crack spacing of approximately 1lmm.

CONCLUSIONS

An alternative approach to the design of the fresh properties of fiber reinforced engineered
cementitious composites has been introduced in this study. The solid particle system of the
cementitious matrix consisting of cement, mineral admixtures, and sand with known
individual particle size distribution was optimized to achieve a relatively dense
microstructure. At a sufficient water content and a certain extent of external disturbance, the
cementitious mortar reaches a state of liquefaction, which reduces the mortar viscosity
while maintaining a stable consistency without segregation.

This concept results in a composite design, which can be mixed in a conventional
gravity-based drum mixer, does not require viscosity-enhancing admixtures, has excellent
fiber dispersion, superior flowability, and self-compacting capabilities.

Strain hardening and multiple cracking behavior of this particular version of ECC in
direct tension have been confirmed.
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