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Abstract

Effects of steel fibers on the deicer-scaling resistance of concrete were investigated in this paper. Results show that the deicer-scaling
resistance of concrete is reduced by the addition of steel fibers at the same air content, especially for the air-entrained concrete, even though
the flexural strength of concrete is significantly improved by the addition of fibers. The reason is that the average air-void spacing factor of
concrete becomes larger due to the addition of steel fibers. The variations in the deicer-scaling resistance among the different concrete

qualities can be fully explained by the spacing factor values.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

There are many data available on the mechanical
properties of steel fiber reinforced concrete [1—-3], and all
of them show that steel fibers significantly improve most
mechanical properties of concrete. However, there are little
data on the deicer-scaling resistance of steel fiber reinforced
concrete [4,5]. Pigeon, et al. obtained that the use of steel
and particularly carbon microfibers improves the frost and
deicer salt scaling resistance of mortars [4]. The reason for
improvement is however mainly that the mortars with the
fibers have much higher air content than those without the
fibers and therefore have much lower spacing factor. Cantin
and Pigeon’s results indicated that steel fibers have no
significant influence on the deicer-scaling resistance of
concrete because the best and the worst overall perform-
ances were both achieved with fiber-reinforced concretes
[5].

With the progress in economy and concrete technology,
the applications of steel fiber reinforced concrete in pave-
ments and bridges become more and more common in
China [6,7], and deicer salts have been widely used since
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1980. In the north of China, serious scaling damage also
occurred on the surface of concrete with or without steel
fiber due to the presence of deicer. The experiments
presented here were carried out to investigate the effect of
steel fibers on the deicer-scaling resistance of concrete.

2. Experimental
2.1. Raw materials and proportions

42.5 ordinary Portland cement with a specific area of
340 m?/kg according to Chinese standard GB175-199 [8],
crushed stone with a maximum size of 25 mm, quartz sand
with a fineness modulus of 2.52, MR lignosulfonate water-
reducing agent with low air-entrained effect, SJ-2 saponin
air-entraining agent [9] and steel fiber with a size of length
35 mm x width 1 mm x thickness 0.5 mm were used. 10-
cm cubes and 10 cmx 10 cm x40-cm prisms were
manufactured and compacted by vibration for about 15
s. In order to avoid the possible effects of demoulding
agents on the deicer-scaling resistance of concrete, no
demoulding agent was used on the surfaces of molds. The
specimens were demoulded and immersed in water at
20+2 °C after at an age 24 h. The prisms were used for
measuring the flexural strength of concrete, and the cubes



Y. Quanbing, Z. Beirong / Cement and Concrete Research 35 (2005) 2360—2363 2361

Table 1 Table 2
Mix proportions and properties of fresh concrete Properties of hardened concrete
No. Cement, Water, Sand, Stone, Fiber, MR, SJ-2, Slump, Air, No. Strength at A, o, L,  Scaling, kg/m2

kg/m®  kgm® kgm® kgm® %' kg/m® kg/m® mm %" 28 days, MPa %  mm ' pm
A0 340 170 626 1216 /  J / 30 1.0 cS  FS 7C 20C 22C 30C 60C
Al 340 170 626 1210 025 / / 25 09 A0 516 62 092 121 847 060 415 444 |/ |
A2 340 170 626 1203 05 / / 20 10 Al 484 70 11 112 858 0.72 420 464 /  /
A3 340 170 626 1196 10 / / 10 12 A2 505 83 1.0 108 896 064 476 529 / |
BO 340 163 602 1222 / 040 0034 50 32 A3 196 92 13 100 900 el 484 sg
B1 340 163 602 1216 05 030 0026 45 3.0 BO 528 74 29 245 252 012 056 / 089 1.84
Co 340 158 604 1226 / = 040 0034 60 46 Bl 503 85 3.1 211 284 036 092 / 154 250
Cl 340 158 604 1220 05 040 0034 50 42 CoO 525 77 41 236 222 0 011 /  0.17 0.60
Do 340 146 593 1232 / 070 006 50 55 Cl 530 81 44 204 248 0.8 035 / 051 141
DI 340 146 593 1226 025 070 006 45 57 D0 468 70 50 262 179 0 o0 o o030
D2 340 146 593 1219 05 070 006 35 63 DI 495 72 49 7 23 0 o1 /091 0.8
D3 340 146 593 1212 10 070 006 20 65 D2 488 87 52 212 226 0 019 / 030 0.74
@ Volume percent. D3 5001 109 50 200 234 0 028 / 039 088

were used for the compressive strength and deicer-scaling
tests.

Steel fiber reinforced concrete was designed with the
additions of 0.25%, 0.5% and 1.0% steel fiber, which
replaced an equal volume of the crushed stone. The mix
proportions and some properties of fresh concrete are listed
in Table 1.

2.2. Deicer-scaling test

The deicer-scaling test used here is similar to the RILEM
117-FDC/CDF test method [10]. However, one freeze—thaw
cycle involves freezing at —20+2 °C, for 3 h, and then
thawing at 20+5 °C°C for 3 h. The temperature sensor is put
at the bottom of specimen. The deicer solution is 4% NaCl.
After curing in water for 28 days, a single surface of the
specimen is immersed in the 4% NaCl solution to a depth of
about 5 mm in a plastic container that is covered by a tight
lid during the test, as shown in Fig. 1. The immersed surface
was vertical during casting. The deicer solution is changed
about every seven cycles. Four specimens are measured for
each test.

This test method is recommended as the Chinese
standard method on estimating the deicer-scaling resistance
of concrete. In China, the applications of air-entrained
concrete in pavements and bridges have been caused
concern recently, with the types and quality of air-
entraining agents varying greatly. A test method is
required which can estimate deicer-scaling resistance more
rapidly than the RILEM 117-FDC/CDF test. The Chinese
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Fig. 1. The method of deicer-scaling test.

CS, compressive strength; FS, flexural strength; A, air content; o, air
specific area; L, average air-void spacing factor; C, freezing—thawing
cycles; /, no measuring.

standard method meets this need, and has proved to
provide results which are consistent with RILEM 117-
FDC/CDF [11].

3. Results and discussion
3.1. Properties of fresh concrete

Table 1 shows that the slump of concrete is reduced, and
the larger the addition of steel fibers, the more obvious the
effect, but the air content is little changed by the addition of
steel fibers.

3.2. Strength

Properties of hardened concrete are seen in Table 2. It
can be seen that steel fibers have little effect on the
compressive strength of concrete, but significantly improve
flexural strength.
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Fig. 2. Effect of fiber on the deicer-scaling resistance of non-air-entrained
concrete.
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Fig. 3. Effect of fiber on the deicer-scaling resistance of air-entrained
concrete.

3.3. Deicer-scaling resistance

Effects of steel fibers on the deicer-scaling resistance of
concrete are shown in Table 2; Figs. 2 and 3. It can be
clearly seen that the deicer-scaling resistance of concrete is
not improved even though the flexural strength of concrete
is enhanced by the addition of steel fibers, but is reduced
with the increase in the addition of steel fibers at the same
air content, and the differences in the deicer-scaling
resistance among these concretes become more obvious at
more freezing—thawing cycles, especially for air-entrained
concrete. For example, for non-air-entrained concrete, the
scaling of concrete with 1% steel fiber is 31% higher than
that of concrete without steel fiber at 22 cycles; for air-
entrained concrete, the scaling of concrete with 1% steel
fiber is 193% higher than that of concrete without steel fiber
at 60 cycles.

3.4. Air content

From Figs. 2 and 3 it is shown that the problem on the
deicer scaling cannot be solved only by the addition of steel
fibers. The effect of air content on the steel fiber reinforced
concrete is seen in Fig. 4. The deicer-scaling resistance of
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Fig. 4. Effect of air content on the deicer-scaling resistance of concrete with
0.5% steel fiber.
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Fig. 5. Effect of steel fiber on the air-void structure of non-air-entrained
concrete.

the steel fiber reinforced concrete is obviously improved
with the increase in air content, and the same effect is seen
in concrete without steel fibers. The use of air-entraining
agents is therefore an important measure to protect the steel
fiber reinforced concrete from deicer scaling. However, to
achieve the same level of deicer-scaling resistance, the air
content of the steel fiber reinforced concrete must be higher
than that of concrete without steel fiber. For example, the air
content of the concrete with 0.5% steel fiber must be 1%
higher than that of concrete without steel fiber in order to
achieve scaling of less than 1.0 kg/m? at 60 cycles.

3.5. Analysis of air-void structure

In order to explain above results, parameters of the air-
void structure were analyzed according to Chinese standard
JTJ225-87, the same as ASTM C 457, results shown in
Table 2; Figs. 5 and 6. From these results it is seen that the
addition of steel fibers worsens the air-void structure,
especially for the air-entrained concrete. The specific
surface area of hardened concrete is obviously reduced,
but the average spacing factor increases with the increase in
the addition of steel fibers. The reason may be that the
reduction of slump makes the air-voids in concrete become
coarser. For example, for non-air-entrained concrete, the
specific surface area of concrete with 1% steel fiber is 17%
lower, and the average spacing factor is 6% higher than that
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Fig. 6. Effect of steel fiber on the air-void structure of air-entrained
concrete.
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Fig. 7. The relationship between scaling and spacing factor of concrete.

of concrete without steel fiber. For air-entrained concrete,
the specific surface area of concrete with 1% steel fiber is
23% lower, and the average spacing factor is 31% higher
than that of concrete without steel fiber.

The relationship between scaling and average air-void
spacing factor of concrete is shown in Fig. 7. As can be
seen, the relationship is very consistent. This suggests that
the variations in the deicer-scaling resistance among the
different concrete qualities can be best explained by the
spacing factor values.

Furthermore, the presence of fiber—matrix interfaces may
also promote deicer scaling. From the deicer-frost test it can
be observed that the fibers in scaled-off concrete do not
bond to the cement mortar, and some fibers have rust spots.

4. Conclusions

Based on the above results, the addition of steel fibers
has the following effects on concrete: (1) reducing the
slump; (2) increasing the flexural strength; (3) reducing the
deicer-scaling resistance.

The air specific area of hardened concrete is reduced, and
the average spacing factor increases with the increase in the
addition of steel fibers, making the air-voids in concrete
become coarser. It is an important cause for the reduction of
the deicer-scaling resistance of steel fiber reinforced
concrete.

The variations in the deicer-scaling resistance among the
different concrete qualities can be explained by the spacing
factor values.
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