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h i g h l i g h t s

� Fibers control permeability of concrete under stress due to crack bridging.
� Through chloride diffusion tests, fibers depict chloride binding ability.
� In loaded reinforced concrete beams, presence of fibers delays corrosion.
� Repair bond tests show that fibers increase adhesional strength at the interface.

a r t i c l e i n f o

Article history:
Available online xxxx

Keywords:
Fiber reinforced concrete
Durability
Repair
Corrosion control
Bond
Interface

a b s t r a c t

Repair and rehabilitation of our rapidly deteriorating infrastructure is of significant concern in most
countries of the world. Critical efforts are needed to develop sustainable materials and placement tech-
nologies that can produce long-lasting repairs. This paper will present data to support the argument that
fiber reinforced concrete (FRC) placed by various means is an ideal material for achieving these goals.
Results from several series of tests measuring permeability under stress, bulk chloride diffusion, control
of rebar corrosion and bond developed with old concrete are presented. In all instances, benefits of fiber
reinforcement are demonstrated.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Compared to other building materials such as metals and poly-
mers, concrete is significantly more brittle and exhibits a poor
tensile strength. Concrete carries flaws and micro-cracks both in
the material and at the interfaces even before an external load
is applied. These defects and micro-cracks emanate from excess
water, bleeding, plastic settlement, thermal and shrinkage strains
and stress concentrations imposed by external restraints. Under
an applied load, distributed micro-cracks propagate, coalesce
and align themselves to produce macro-cracks. When loads are
further increased, conditions of critical crack growth are attained
at the tips of the macro-cracks and unstable and catastrophic fail-
ure is precipitated. In service, thus, concrete cracks easily, and
cracks create easy access routes for deleterious agents leading
to early saturation, freeze–thaw damage, scaling, discoloration
and steel corrosion. Once harmful processes such as corrosion be-
gin, internal expansion and distress exacerbate the processes of

internal and external cracking and accelerate the rate of
deterioration.

The micro and macro-fracturing processes described above can
be favorably modified by adding short, randomly distributed fibers
of various suitable materials such as steel, carbon, cellulose, poly-
propylene, polyester, glass and nylon [1,2]. Fibers not only sup-
press the formation of cracks due to environmental condition
and loading, but also abate their propagation and growth [3,4].
The resulting material termed fiber reinforced concrete (FRC) is
rapidly becoming a well-accepted mainstream construction
material.

2. FRC for repair and strengthening

Civil infrastructure – the set of interconnected structural ele-
ments such as roads, water supply, sewers, electrical grids,
telecommunications networks, and the built infrastructure of
domestic, commercial and public buildings – is the foundation of
a community’s health, safety and prosperity. Unfortunately, most
countries around the world are experiencing a rapid loss of service-
ability and safety in their concrete infrastructure. This is primarily
due to a combination of improper maintenance and important
compounding factors, including:
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1. the use of non-durable construction materials;
2. exposure to aggressive environments;
3. poor construction practices;
4. increases in the design loads; and
5. global climate change.

The latter is accelerating carbonation-induced corrosion as a re-
sult of increasing atmospheric CO2 levels, severe cracking due to
increased thermal stresses, and extensive foundation scour due
to rising water levels. A recent study [5,6] indicates that corrosion
in reinforced concrete structures in some cities may begin nine
years sooner due to the acute impacts of climate change. Another
major problem is our inability to estimate the location, rate and
severity of deterioration, inability of our repairs to control further
deterioration and an absence of rapid placement technologies.
Most importantly, however, the biggest challenge of all is a lack
of durability in our repair materials.

In the context of sustainability, an equally grave concern is that
cement production is an environmentally damaging process that
generates five percent of global CO2 emissions. Nevertheless, the
global demand for cement is still increasing and it was estimated
around 3.6 billion tons in 2012 [7]. Consequentially, the global con-
struction industry is under pressure to dramatically reduce its CO2

emissions.
Repair materials require large amounts of cements in them in

order for them to develop adequate bond with the substrate. It is
therefore highly imperative that for a sustainable management of
our infrastructure, the durability of repair materials be enhanced
so that interventions are less frequent.

The ability of enhancing both mechanical properties and dura-
bility using fiber reinforcement in cement-based materials lends
it significant promise in repair materials. While a number of com-
mercial repair materials carry fiber reinforcement, the use of fibers
in these products has been more of less ad hoc and significant opti-
mization in these materials can be achieved if the exact influence
of fibers on the performance of repair material was better under-
stood. For example, our understanding of the influence of fiber
reinforcement on the repair bond remains grossly inadequate.
Equally less understood are the effects of environmental factors,
characteristics of fibers employed, and if the negative effects of
damage produced by some strenuous service conditions can be
mitigated by fiber use.

This paper presents results from a comprehensive test pro-
gram carried out to fully understand the benefits of fiber rein-
forcement in cement-based repair materials. In particular, three
types of tests were performed: first, tests that documents the
durability of fiber reinforced concrete itself as a repair material;
second, tests that assess the overall durability of a structure re-
paired using fiber reinforced concrete, and finally, tests that help
understand morphology and strength of the interface developed
between old concrete and fiber reinforced concrete repair
material.

Two types of fibers were investigated—cellulose and poly vinyl
alcohol (PVA). It is worth mentioning here that the study intention-
ally investigated these fibers for different repair properties. The
cellulose fiber, which is short (2.3 mm long) and fine (18 lm diam-
eter) is difficult to mix at higher dosages. At such low dosages, cel-
lulose does not provide any toughness to the composite and hence
no enhancements in the mechanical bond strength are expected.
Therefore, mechanical bond tests were not performed for this fiber.
The PVA fiber, on the other hand, which is both coarser (40 lm in
diameter) and longer (8 mm long), can be added at higher dosages
(up to 1% by volume). With its longer length and a known chemical
bond with concrete, it provides significant enhancement in tough-
ness and crack growth resistance to concrete, and hence is ex-
pected to also improve the mechanical characteristics of the

repair bond. For this reason, the use of PVA fiber was made to as-
sess the mechanical properties of the repair bond.

3. Experimental program

3.1. Permeability under stress

The decreasing life span of concrete structures is primarily due
to corrosion of steel in reinforced concrete structures. Chloride
penetration and carbonation are the primary reasons for such cor-
rosion and any measures aimed at mitigating the ingress of chlo-
rides or CO2 into the body of concrete are expected to
significantly enhance the durability of concrete structures. These
deleterious agents enter the body of concrete through one of the
three transport mechanisms: diffusion, capillary sorption and per-
meability—of these, the permeability is considered as the domi-
nant mechanism. Any measures adopted to reduce permeability
of concrete will therefore help in preserving durability. Results
have indicated that permeability, in turn, is highly dependent upon
stresses and cracking in concrete [8] and an increase in the crack
width will not only produce a highly permeable concrete (Fig. 1)
but also enhance the possibility of rebar corrosion [9].

In order to understand the influence of fiber reinforcement in
controlling cracking and permeability under stress, a novel test
procedure was adopted. In this procedure (Fig. 2) water under
pressure is allowed to permeate through a hollow-core cylinder
and the outflowing water is collected. The hollow-core concrete
specimen carries stress during the test. The mixture proportions
investigated are given in Table 1 and the fibers investigated are de-
scribed in Table 2. The test program is described in Table 3. Three
replicates were tested for each category. A detailed account of
these tests appears elsewhere [10,11].

The results are shown in Fig. 3. Notice that under conditions of
no-stress, fibers reduce the permeability of concrete, and the
reduction appears to be proportional to the fiber volume fraction.
Data further indicate that stress has a significant influence on the
permeability of concrete. When stress was first increased to 0.3fu

(where fu is the ultimate strength), both plain and FRC showed a
decrease in the permeability. However, when the stress was in-
creased to 0.5fu, plain and FRC showed very different trends. At
0.5fu, the permeability of plain concrete increased substantially
over that of the unstressed specimen, but for FRC, while there
was an increase in the permeability over 0.3fu, the permeability
still stayed below that of the unstressed specimen.

The above observations can be related to cracking. At 0.3fu, it is
conceivable that in both plain and FRC, there is no discernible
cracking that can affect the flow of water. However, at 0.5fu, the

Fig. 1. Effect of crack width on permeability, Bentur [6].

2 N. Banthia et al. / Construction and Building Materials xxx (2014) xxx–xxx

Please cite this article in press as: Banthia N et al. Sustainable fiber reinforced concrete for repair applications. Constr Build Mater (2014), http://dx.doi.org/
10.1016/j.conbuildmat.2013.12.073

http://dx.doi.org/10.1016/j.conbuildmat.2013.12.073
http://dx.doi.org/10.1016/j.conbuildmat.2013.12.073


Download	English	Version:

https://daneshyari.com/en/article/10285161

Download	Persian	Version:

https://daneshyari.com/article/10285161

Daneshyari.com

https://daneshyari.com/en/article/10285161
https://daneshyari.com/article/10285161
https://daneshyari.com/

