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In the repair and strengthening operation of hydraulic structures used in
various water projects, a common method is to add new concrete to the old
concrete. In new conditions, the surface of the new and old concrete must
be able to withstand the stresses. In this research, in order to evaluate the
tension strength at the junction of old and new concrete under successive
cycles of freezing and thawing, for new concrete from three water-to-
cement ratios of 0.4, 0.45 and 0.5 and bubble-making materials with values
of 0, 0.1, 0.2, 0.3 and 0.4 percent by weight of cement used, as well as
three grades of cement 300, 350 and 400 kg/m3 have been used and 300
consecutive cycles of thawing and freezing were applied after 3, 7 and 28
days of processing. The periods of thawing and freezing include lowering
the temperature of the samples from 4°C to -18°C and raising it from -
18°C to 4°C, which is done alternately and in a period of 4 hours for each
thawing-freezing cycle. The samples were frozen for 3 hours and placed in
water for 1 hour for the thawing process. The results of this research show
that for the condition with and without the thawing and freezing cycle, the
tension stress increases and decreases with the increase in the weight
percentage of the bubble-making material, and in the concrete sample with
a processing period of 28 days, the ratio of water to cement is 0.4. , 0.45
and 0.5 and zero consumption bubble, the average tension strength
decreases by 69%, 66% and 72%, respectively, and for concrete with 0.4
consumption bubble, it decreases by 14%, 11% and 16%, respectively.
Also, after applying the freezing and thawing cycle, the highest and lowest
reduction in tension strength occurs in the water-cement ratio of 0.5 and
0.45, respectively.
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1.  Introduction

When repairing old concrete using fresh concrete, in concrete connection layers, even with sufficient
strength in both old and new concrete layers, the joint surface is still in danger of failure and can be
considered the most sensitive part of this system. In the present paper, to evaluate the adhesion
between old and new concrete under successive freezing and thawing cycles, two tests for
determining the shear strength and tension strength have been used to evaluate the bond strength.
Neshvadian (2010) in a study investigated the strength of the bond between old and new concrete. The
results of this study showed that many factors such as surface roughness, processing, etc. Also,
according to the loading methods, the bond strength is determined.

2. Materials and Methods

In this research, to investigate the effect of freezing and thawing cycles on the adhesion between new
and old concretes, experiments have been performed in Sahand Laboratory, Tabriz. In this study, for
old concrete, the same granulation of new concrete with a life of 90 days and a grade of 350 and a
water to cement ratio of 0.4 were used. In the connection created between the old and new concrete,
no other factors such as glue, etc. have been used. The variables considered in this research, which are
used in the test to determine the tension strength, are a combination of the following conditions:

a- Cement grade used in three modes: 300, 350 and 400 kg/m3

b- Weight percentage of bubble material compared to cement in five levels 0, 0.1, 0.2, 0.3 and 0.4
according to ASTM standard

c- Using three ratios of water to cement (W/C) 0.4, 0.45 and 0.5

d- Start 300 freezing and thawing cycles in three modes after 3, 7 and 28 days of new concrete
processing.

To measure the effect of freezing and thawing cycles on the adhesion between old and new concretes,
the samples were placed in a special test apparatus with a performance in accordance with ASTM
C666. Thawing and freezing cycles include lowering the temperature of the samples from 4 ° C to -18
° C and raising it from -18 ° C to 4 ° C, which is done alternately and for a period of time that is not
less than 2 hours and not more than 5 hours.

To evaluate the tension strength, first half of the cube is concreted and processed, then the other half
is concreted and processed. The samples that have undergone successive cycles of thawing and
freezing are placed between the plates of the concrete breaker jack so that its axis is horizontal, and
then the load is increased until rupture occurs. In these experiments, the amount of tension stress is
calculated according to equation 1, where tb is the tension stress and a is the size of the side of the
section.
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Figure 1 shows the placement of the samples and the steps of the tension strength test.
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3. Results

To investigate the effect of bubbling materials on the adhesion between old and new concrete and to
evaluate the bond strength, five levels of bubbling materials (0, 0.1, 0.2, 0.3 and 0.4) were used
according to the weight percentage of cement used in the experiments. Figure 2 shows the rate of
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change in tension strength relative to the weight percentage change of bubble material in three
processing periods of 3, 7 and 28 days for the ratio of water to cement 0.45.
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Fig. 2. The rate of change in tension stress relative to the change in weight percentage of bubble material in three
processing periods of 3, 7 and 28 days in the ratio of water to cement 0.45

Figure 3 shows the change in tension strength due to the change in processing time for three levels of
weight percentage of bubbly materials (0, 0.2 and 0.4) in the ratio of water to cement 0.45.
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Fig. 3. The rate of change in tension strength due to the change in processing time for the ratio of water to cement 0.45

4.  Discussion and Conclusion

According to Figure 2, for the case with freezing and thawing cycles, the tension stress increases with
increasing weight percentage of bubbling material, but in experiments without freezing and thawing
cycles, the tension stress decreases with increasing weight percentage of bubbling material so that in
experiments without freezing and thawing cycles, with increasing the weight percentage of bubble
materials from zero to 0.4, for concrete with a grade of 300, 350 and 400 kg/m3, the tension stress for
the ratio of water to cements and different processing periods decreases on average by 12, 12 and
11%, respectively. However, for Experimental conditions with freezing and thawing cycles, the
amount of tension stress increases significantly with increasing weight percentage of bubble material,
so that for concrete with a grade of 300, 350 and 400 kg/m3 in a 28-day processing period and a water
to cement ratio of 0.45, with increasing the weight percentage of bubble materials from zero to 0.4,
the tension stress increases by 131%, 131% and 129%, respectively.

According to Figure 3, with increasing concrete processing time, the tension strength for the state
without freezing and thawing cycles increases, but for conditions with freezing and thawing cycles
and concrete with zero bubble weight percentage, increasing the processing time does not change the
tension strength. Under the conditions of the freezing and thawing cycles, for concrete with the
amount of bubbling material above zero, the amount of tension strength increases with increasing
curing time.

In this research, the effect of freezing and thawing cycles on the adhesion between new and old
concrete due to the change of secondary factors of concrete was investigated using a experimental
model and the results are as follows:
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After applying the freezing and thawing cycle, the maximum and minimum decrease in tension
strength occurs in the water-cement ratio of 0.5 and 0.45, respectively.

For concrete samples with different amounts of bubble materials, in each water-cement ratio, the
tension strength increases with and without the freezing and thawing cycle as the processing period
increases.

After applying the temperature cycle in the concrete sample with 0.45 water-cement ratio, for 0, 0.2
and 0.4 bubble materials in the 3-day processing period, the average amount of tension strength was
100%, 39% and 14%, decrease respectively, and for concrete with the 28-day processing period, 66%,
31% and 11% decrease respectively.

For the case with freezing and thawing cycle, the tension stress increases with the increase in the
weight percentage of the bubble material, but in the tests without the freezing and thawing cycle, the
amount of tension stress decreases with the increase in the weight percentage of the bubble material.

The maximum decrease in the tension strength of the connection band after the application of the
temperature cycle is at zero amount of bubbler used.
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