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Abstract: The mechanical properties of concrete pavement were studied under the various frost-salt conditions using
Capillary Suction of De-icing Chemicals and Freeze-thaw Test Method (CDF method). The test results show that: with
the increasing of freeze-thaw cycles, concrete surface damage has a tendency to accelerate. The concrete which is in a 5%
concentration chloride snow-thawing agent solution has the greatest impact damage after 150 frost-salt cycles compared
with soaking in other different densities (3%, 20%). Mixing appropriate amount of silica fume and high-performance airentraining agent in concrete can effectively improve the resistance of frost-salt scaling. With the frost-salt cycles increase,
the concrete strength and the relative dynamic elastic modulus continues to decrease.
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1. INTRODUCTION

2. MATERIALS

In cold region, freezing rain and snow will affect the road
traffic especially in winter. So it is generally used to alleviate
the traffic problems by seeding the chloride salt snowmelting agent on the road to remove snow and ice. But it will
cause the spalling of concrete, corrosion of reinforcement,
and the increasing damage by the freeze-thaw to the concrete
pavement [1]. Damage cases caused by frost-salt are ever
increasing. So many high grade concrete pavements and the
urban overpass bridge decks are prematurely destroyed due
to insufficient understanding of the damage of spreading
snow-melting agent [2-9].

2.1. Test Materials

Frost-salt scaling has become the main cause of crack of
concrete in cold areas. Although the research on the damage
cases caused by deicer-scaling on the concrete pavement has
already been done for many years [10-15], the theory
measures of deicer-scaling with which to improve the frostsalt resistance of concrete pavement have not yet been
unified. So there is an important academic significance and
application value to carry out research on the influence of
chloride salt snow-melting agent on concrete material
properties.
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The raw materials in examination are as follows: Cement
(P • II 52.5 portland cement); Fly ash (Class I fly ash); silica
fume (specific surface area is 19-21m2/g, content of SiO2 is
about 96.8%); fine ore( limestone fines); sand (grit with the
fineness modulus of 3.5); stone (basalt broken stones with
the hardness of 7-7.5 grade).
2.2. Admixture
Water reducing agent (naphthalene superplasticizer); Airentraining agent (sodium dodecyl sulfate air-entraining
agent); Magnesia expansive agent (self-control, magnesite
with the specific surface area of about 310m2/kg after
crushing, grinding and light burning); Snow-melting agent
(chloride salt snow-melting agent A with 80% content of
sodium chloride and 20% content of calcium chloride,
chloride salt snow-melting agent B with 70% content of
sodium chloride and 30% content of calcium chloride and
magnesium chloride).
2.3. Design of concrete mix proportion
C30 and C50 concrete are designed for the test purposes.
Silica fume and admixtures are considered in the design of
the C50 concrete. See Table 1 for details.
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Table 1.

Concrete mix proportion and mechanical performance.

Dosage of mixture /kg·m-3
Sample
number
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Cement

Fly
ash

silica
fume

Water

sand

stone

Water
reducing
agent /%

Strength
grade

Airentraining
agent /‰

flexural
strength /MPa

compressive
strength /MPa

7d

28d

7d

28d

C30

C30

250

30

0

165

702

1248

0.9

3.8

6.59

8.17

27.8

37.3

C50

C50

360

40

0

145

665

1182

1.6

3.8

8.69

9.91

45.1

66.1

C50S

C50

340

40

20

145

665

1182

1.6

3.8

9.56

10.49

55.1

77.0

C50A

C50

360

40

0

145

665

1182

1.6

1.0

7.42

8.32

33.4

60.3

3. EXPERIMENTAL

solution with the concentrations of 5% for 200 applications
of frost-salt cycles. By statistical processing, under the same
frost-salt conditions, the influence of different concrete mix
influence on the concrete appearance is shown in Table 3.

3.1. Effects of Frost-salt on Concrete Appearance
Characteristics
(1) Influence of frost-salt cycles times on the concrete
appearance.

3.2. Effects of Frost-salt on the Concrete Mass Loss Rate

According to the “Test procedures of highway
engineering cement and concrete” (JTGE 30-2005), the
quick freezing method is used to study the influence of frostsalt cycles on the concrete appearance. In the concrete frost
resistance test the Capillary Suction of Deicing Chemicals
and Freeze-thaw Test Method (CDF method) is used
according to International Union of Laboratories and Experts
in Construction Materials, Systems and Structures (RILEM).

The mass loss of concrete is due to the surface spalling of
concrete test blocks under the frost-salt cycles. The mass loss
of C30 and C50 concrete test blocks socked in 3%, 5%, and
20% of chloride salt snow-melting agent A and B solution,
respectively, gradually increases with the increasing number
of frost-salt cycles, as shown in Fig. (1).
With the increase of frost-salt cycle, concrete mass loss
rate gradually increases, especially in the latter stages. This
is because in the early stage of frost-salt cycle the mass loss
of concrete is mainly caused by the cement pastes spalling
and small amount of aggregate falling off, while in the latter
stages of frost-salt cycle large amounts of aggregate and
cement pastes are spalling off with the loss of cohesive
strength, which can lead to serious disintegration of the
concrete test block.

Through the statistics, the influence of frost-salt cycles
on the concrete appearance is shown in Table 2.
(2) Influence of different concrete mix on the concrete
appearance.
Four different mix concrete test blocks (C30, C50, C50S,
C50A) are socked in the chloride salt snow-melting agent A

Table 2.

Effects of frost-salt cycles on the concrete appearance.

Strength grade

C30

Type of agent

chloride salt snow-melting agent A

Concentration

3%

Times of frost-salt
cycles

0

75

Surface paste fall off
seriously;
Failure characteristics

Extent of damage

Conventional
form

Part of aggregate
exposed;

chloride salt snow-melting agent B
3%
200

Fracture crack
on surface;
Edge and angle
collapsing ;

5%

20%

150
Uneven surface;
All paste fall
off;

Surface paste all
fall off;
Part of edge and
angle collapsing ;

Serious

Edge and angle
defected.

Basic loss of
mechanical
properties.

Almost
aggregate
exposed
completely.

Less serious

Serious

Less serious

Small of surface
paste fall off;
Overall structure
block remains

Serious damage

General
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Table 3.
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Effects of different concrete mix on the concrete appearance under the same frost-salt conditions.
Sample number

C30

C50

C50S

C50A

Strength grade

C30

C50

C50

C50

Type of agent

chloride salt snow-melting agent A

Concentration

5%

Times of frost-salt cycles

200

Aggregate exposed;

Most of Surface paste
fall off;

Small amount of
Surface paste fall off;

Ends collapsing;

Aggregate exposed,

Basic loss of mechanical
properties.

Edge and angle fall off;

Small amount of
aggregate exposed;

not been broken

Edge of structural
integrity

Structural integrity

Serious

Less serious

General

General

Surface paste fall off;
Failure characteristics

Extent of damage

small amount of
Surface paste fall off;
Small amount of
aggregate exposed;

20
10

C30A3%
C30A5%
C30A20%
C30B3%
C30B5%
C30B20%

12

8

4

0

C50A3%
C50A5%
C50A20%
C50B3%
C50B5%
C50B20%

8

Mass loss rate / %

Mass loss rate / %

16

6

4

2

0

0

25

50

75

100

125

150

175

200

225

0

Frost-salt cycles / times

25

50
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175

Frost-salt cycles / times
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(b) C50
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Fig. (1). Influence of different type and concentration of salt snow-melting agent solution on the mass loss rate of concrete.
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Fig. (2). Influence of different type and concentration of salt snow-melting agent solution on the relative dynamic elastic modulus of concrete.

3.3. Effects of Frost-salt on the Relative Dynamic Elastic
Modulus of Concrete
Fig. (2) shows the relative dynamic elastic modulus of
concrete C30 and C50, both of which are converted from the

determination of concrete dynamic elastic modulus with the
test block socking in 3%, 5%, and 20% chloride salt snowmelting agent A and B solution, respectively, during the
frost-salt cycles. It can be concluded that with the frost-salt
cycles increasing, the relative dynamic elastic modulus will
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decline. Concrete strength has a positive correlation with the
ability of the frost-salt damage.
3.4. Effects of Frost-salt on the Concrete Strength
(1) Influence of frost-salt cycles times on the concrete
strength
Fig. (3) shows the changes of compressive and flexural
strength of concrete C30 and C50 after different cycles (25,
75, 150 and 200 cycles) of frost-salt application in 5%
chloride salt snow-melting agent A solution. With the
increase of frost-salt cycles, the decrease of compressive and
flexural strength of C30 concrete is greater than that of C50
concrete. After 200 cycles of frost-salt application, the
compressive strength of C30 concrete is very small, while
the flexural strength has been unable to be detected.
(2) Influence of concentrations of salt snow-melting agent
solution on the concrete strength
Fig. (4) shows the change of concrete strength of C30
and C50 after150 cycles of frost-salt application in chloride
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salt snow-melting agent A solution with different
concentrations of 3%, 5% and 20%. The largest decline of
concrete strength is soaking it in 5% solution, followed by
3%, and the smallest decline is soaking in 20% solution.
CONCLUSION
(1) The damage of concrete appearance gradually
intensifies with the increasing of frost-salt cycles
and under the same conditions, the higher the grade
of concrete strength, the smaller the frost-salt
scaling. At the same strength grade, it can
effectively improve the ability of frost-salt resistance
of concrete by mixing appropriate amount of silica
fume and efficient air-entraining agent.
(2) With the increase of frost-salt cycles, the mass loss
of same strength grade concrete increases gradually,
and in the latter stages the mass loss rate will rise
sharply.
(3) After 150 cycles of frost-salt application, the biggest
frost-salt damage of concrete is due to the soaking in
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Fig. (3). Influence of frost-salt cycles times on the concrete strength.
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Fig. (4). Influence of concentration of salt snow-melting agent solution on the concrete strength.
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the 5% concentration of salt snow-melting agent
solution, and the smallest is in the 20% solution.
(4) The frost-salt has important influence on the
compressive and flexural strength of concrete. With
the increasing of frost-salt cycles, the concrete
strength will gradually decrease, while the relative
dynamic elastic modulus reduces quickly.
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