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Abstract. Fiber iscapable of improving the corrosion resistance and freeze-thaw durability of concrete
of airport deicing platform. After 300 freeze-thaw cycles, the relative dynamic modulus of plain
concrete is reduced to 73.46%, and the relative dynamic modulus of fiber concrete is about 80%, that
is, the fiber has a positive influence on the frost resistance of concrete. In addition, the durability of
fiber reinforced concrete is better than that of plain concrete under the same test conditions as the
corrosion cycles and freeze-thaw cycles.

Introduction

Fiber reinforced concrete is cement based composite material which isformed by using concrete as the
base material and uniformly mixed with various non continuous short fibers ¥, Fiber mainly through
the physical and mechanical effects improving the concrete internal structure doesn't change the
chemical properties of various materials in the concrete itself, thusit will not damage the durability of
concrete. Fiber plays arole in the following three aspects. crack arrest, strengthening and toughening
71 Therefore, comparing with plain concrete there are different degrees of improvement in crack
resistance!® #¥ | bending resistance, impact resistance and anti-fatigue properties for the fiber concrete
which arewidely used in various fields of bridges, airports, highways, tunnels, water conservancy™**2.

Recently at home and abroad for the effect of fiber on the corrosion performance and the coupled
action of corrosion and freeze-thaw durability basicaly is not involved, henceinthis paper, it have been
done on the research of fiber related aspects.

Experiments

In this paper, cellulosic fiber which has hydrophilic property is chosen, and its surface has a strong grip
force and it is easily dispersed into the fiber monofilament, and it can effectively improve the overal
performance of concrete. Table 1 is the main parameters of cellulose fibers. Table 2 is the mix design
parameters of concrete. Table 3 is given in ASTM C672 for assessing the apparent properties of
concrete.
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Table 1 Main Parameters of Fiber

Average fiber length (mm) 21
Density (g/crm’) 1.109
Average fiber diameter (um) 18
Tensle (MPa) 960
Table 2 Mix Design Parameters of Concrete
Water Coarse C?ars:te Eiber
No. Cement cement Water Sand  aggregate a%gggo Admixture P
ratio (200140 mm) 9
mm)
A 330 0.4 132 607 849.6 566.4 2% 0
B 330 0.4 132 607 849.6 566.4 2% 0.9
C 330 0.4 132 607 849.6 566.4 2% 1.2
D 330 0.4 132 607 849.6 566.4 2% 15
E 330 0.4 132 607 849.6 566.4 2% 1.7

Table 3 Classification of Apparent Properties of Concrete

Leve

Surface condition

g b~ W N B O

no spalling
dight spalling(deepest 3mm, no coarse aggregate exposed)
dight to moderate spalling
moderate spalling (part coarse aggregate exposed)

moderate to severe spalling
severe spalling (entire aggregate surface exposed)

Results and Discussion

Effect of fiber content on freeze-thaw durability of concrete. Fig.1 isthe influence law of relative
dynamic elastic modulus of concrete with 300 cycles of freeze-thaw and different fiber content (0~ 1.7
kg/m®), the results show that the addition of fiber canimprove the frost-resisting durability of concrete.
With freeze-thaw cycles being conducted, the relative dynamic elastic modulus of each airport
concrete were gradually decreased, and as the fiber content is 0.9kg/m®, 1.2kg/m®, 1.5kg/m® and
1.7kg/m® respectively, the relative dynamic elastic modulus of concrete were 80.21%, 80.28%,
81.32% and 82.17%, which all being higher than that of OPC (73.64%). When fiber content isO ~ 1.7
kg/m3 there is no big difference between the influence of fiber content on relative dynamic elastic
modulus of the concrete, that means fiber can improve the frost-resisting durability of concrete.
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Fig.1 Relative dynamic modulus with freeze-thaw cycles under different fiber content

Effect of fiber on apparent damage of concrete under single corrosive environment. The
appearance corrosion characteristics of OPC (A) and HPC-FR (fiber concrete) after 50 corrosion
cycles of 100% aircraft deicing fluid is presented in Fig.2. After the corrosion of aircraft deicing fluid
the apparent damage of OPC is more obvious than that of HPC-FR. The surface of OPC presents a
network crack, while the HPC-FR does not exhibit a continuous crack tendency. From the point of
view of surface corrosion resistance evaluation standard of concrete, the corrosion resistance grades of
HPC-FR and OPC are 0 and 1 respectively. Therefore, the concrete with greater corrosion resistancein
corrosion liquid is HPC-FR.

(a OPC (b) HPC-FR

Fig.2 Appearance corrosion characteristics of after 50 corrosion cycles

Effect of Fiber on durability of concrete with corrosion cycles. The effect of fiber on the
corrosion resistance of concrete is showed at Fig.3. After 50 corrosion cycles, the mass loss rate of
HPC-FR is less than OPC, and its relative dynamic elastic modulus is greater than OPC. In a single
corrosive environment, fiber has an improved effect on the durability of concrete.

For masslossrate, HPC-FR and OPC are 0 and 0.10% respectively after the 50 corrosion cycles, i.e.
HPC-FR < OPC. Basically, during the whole corrosion cycles the weight of HPC-FR is increasing,
while for OPC in addition to corrosion cycle of 35 timesthere isalarge weight fluctuation, most of the
timeit shows spalling process and weight reduction; for the relative dynamic elastic modulus, HPC-FR
and OPC are 96% and 90% respectively, which is HPC-FR > OPC. Overall, according to the massloss
and relative dynamic elastic modulus, the fiber plays a positive role in improving the durability damage
under low temperature corrosion environment.
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Fig.3 Effect of Fiber on Corrosion Resistance of Concrete

Effect of fiber on durability of concrete with coupling effect of corrosion and freeze-thaw.
Fig.4 shows the change law of relative dynamic elastic modulus for OPC and HPC-FR under the
corrosion cycle, freeze-thaw cycle, coupling effect of corrosion and freeze-thaw cycle. For the relative
dynamic elastic modulus under corrosion cycles HPC-FR is 6% higher than OPC, under freeze-thaw
cycles HPC-FR is 7% higher than OPC; under the coupling effect of corrosion cycle and freeze-thaw
cycle, HPC-FR is 15% higher than OPC. Therefore, whether it’s a single durable environment or a
coupling effect, the relative dynamic modulus of HPC-FR is higher than that of OPC.

For the relative dynamic elastic modulus of OPC, after 300 times of freeze-thaw cycle it’s 73.46%,
after 50 times of corrosion cycleit’s 90.43%, after the coupling effect of corrosion cycle (50 times) and
freeze-thaw cycle (300 times) it’s52.68%, that is, the dynamic elastic modulus decreases by 9.57% due
to corrosion cycle, decreasing by 26.54% due to freeze-thaw cycle, atotal of the two is 36.11%, but
due to coupling effect the dynamic elastic modulus decreases by 47.32%, which means for OPC the
damage of coupling effect is greater than the sum of two single damage.

For the relative dynamic elastic modulus of HPC-FR, after 300 times of freeze-thaw cycle it's
80.28%, after 50 times of corrosion cycleit’s 96.15%, after the coupling effect of corrosion cycle (50
times) and freeze-thaw cycle (300 times) it’s 67.49%, that is, the dynamic elastic modulus decreases by
3.85% due to corrosion cycle, decreasing by 19.72% due to freeze-thaw cycle, a total of the two is
23.57%, but dueto coupling effect the dynamic elastic modulus decreases by 32.51%, which means for
HPC-FR the damage of coupling effect is greater than the sum of two single damage.

So no matter what kinds of concrete, the coupling effect has more negative influence on the
durability damage than the sum of two single damages; no matter from which point of view, fiber has
positive effect on improving the durability of concrete.
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Fig.4 Relative dynamic elastic modulus of concrete under different environment

Analysisof theinfluence of fiber on the performance of concrete. The unique cavity structure of
fiber isable to buff the volume expansion caused by frost heavein the inner capillary of concrete, onthe
other hand, the moisture adsorbed in the fiber is capable of promoting the hydration of cement more
fully and completely in the process of hydration of concrete, thereupon then greatly decreasing the
porosity, increasing the density of concrete and the difficulty of external moisture entering interior of
concrete.

Fiber is able to be uniformly dispersed in the concrete, overlapping each other to form
three-dimensional space network structure, which can effectively improve the early cracking caused by
shrinkage of concrete and reduce the early damage and internal defects, and after concrete being
freeze-thaw cracking, the fibers play a bridging role in inhibiting concrete spalling; because of fiber
reinforcing the toughness of concrete, it can effectively resist the periodic repeated stress effect during
freeze-thaw cycles; dueto theincorporation of fiber cutting off the capillary water channel of concrete,
the flow length of free water is shortened during freeze-thaw cycle, according to the hypothesis of
hydrostatic pressure, the probability that the flow length of free water is greater than its critical value
becomes smaller, resulting in that the water pressure exceeding the ultimate tensile strength of material
will also reduce the probability of damage. Hence, incorporating a certain amount of fiber has ability to
improving the corrosion resistance and freeze-thaw durability of concrete in de-icing fluid.

Conclusions

The incorporation of fiber has a positive influence on improving the frost resistance of concrete,
meanwhile, enhancing the anti-corrosion durability of airport deicing concrete.

With the same test condition, no matter in the corrosion cycle, freeze-thaw cycle or coupling effect,
the relative dynamic elastic modulus of HPC-FR is higher than OPC.

The cavity structure of fiber itself is able to buff the volume expansion caused by frost heave in the
inner capillary of concrete; the formed three-dimensional space network structure of fiber can
effectively improve the early cracking caused by shrinkage of concrete and reduce the early damage
and internal defects.
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