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Fig. 1. Granulation curve
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S iSas 5 il e

ot bl glacnd N Jgar

(KQ) 3l ol (39 (K@) awlo (Kg) oo (K@) plogws (W/C) o 4 ST
0 1164.84 850.62 300 0.4
0 1147.80 851.85 300 0.45
0 1130.76 853.08 300 0.5
0.3 1062.59 858.00 300 0.4
0.3 1045.55 859.23 300 0.45
0.3 1028.51 860.46 300 0.5
0.6 1062.59 858.00 300 0.4
0.6 1045.55 859.23 300 0.45
0.6 1028.51 860.46 300 0.5
0.9 1062.59 858.00 300 0.4
0.9 1045.55 859.23 300 0.45
0.9 1028.51 860.46 300 0.5
1.2 1062.59 858.00 300 0.4
1.2 1045.55 859.23 300 0.45
1.2 1028.51 860.46 300 0.5
0 1085.31 856.36 350 0.4
0 1065.43 857.80 350 0.45
0 1045.55 859.23 350 0.5
0.35 983.06 863.74 350 0.4
0.35 963.18 865.18 350 0.45
0.35 943.30 866.61 350 0.5
0.7 983.06 863.74 350 0.4
0.7 963.18 865.18 350 0.45
0.7 943.30 866.61 350 0.5
1.05 983.06 863.74 350 0.4
1.05 963.18 865.18 350 0.45
1.05 943.30 866.61 350 0.5
14 983.06 863.74 350 0.4
14 963.18 865.18 350 0.45
14 943.30 866.61 350 0.5
0 1005.78 862.10 400 0.4
0 983.06 863.74 400 0.45
0 960.34 865.38 400 0.5
0.4 903.54 869.48 400 0.4
0.4 880.81 871.12 400 0.45
0.4 858.09 872.76 400 0.5
0.8 903.54 869.48 400 0.4
0.8 880.81 871.12 400 0.45
0.8 858.09 872.76 400 0.5
12 903.54 869.48 400 0.4
1.2 880.81 871.12 400 0.45
1.2 858.09 872.76 400 0.5
1.6 903.54 869.48 400 0.4
1.6 880.81 871.12 400 0.45
1.6 858.09 872.76 400 0.5

Table 1. Concrete mixing ratios
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Fig. 2. Placing the sa?np esin the reezing and
thawing cycle device
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Fig. 3. Placement of samples to determine shear
strength
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Fig. 4. Shear strength test
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Fig. 6. Tensile strength test
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Fig. 7. The amount of changes in shear strength compared to the change in the weight percentage of bubble-making materials in
three processing periods of 3, 7 and 28 days in the water-cement ratio of 0.4
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Fig. 8. The amount of changes in shear strength compared to the change in the weight percentage of bubble-making materials in
three processing periods of 3, 7 and 28 days in the water-cement ratio of 0.45
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Fig. 9. The amount of changes in shear strength compared to the change in the weight percentage of bubble-making materials in
three processing periods of 3, 7 and 28 days in the water-cement ratio of 0.5
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Fig. 10. The amount of changes in tensile strength compared to the change in the weight percentage of bubble-making materials in
three processing periods of 3, 7 and 28 days in the water-cement ratio of 0.4
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Fig. 11. The amount of changes in tensile strength compared to the change in the weight percentage of bubble-making materials in
three processing periods of 3, 7 and 28 days in the water-cement ratio of 0.45
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Fig. 12. The amount of changes in tensile strength compared to the change in the weight percentage of bubble-making materials in
three processing periods of 3, 7 and 28 days in the water-cement ratio of 0.5
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Fig. 13. The amount of changes in shear strength according to the change of water-cement ratio in the processing periods of 3, 7 and
28 days for bubble-making materials with zero weight percentage

Y 55s Ao sn b slecl sl gl aias YA 5V o5l les o)53 55 Olers 4 Ol Cand il w4 5 U 5 Conslie iSOl N JKS

4 4 n
E AT el Slga i et 3 ncan r T = oo Sl g e Fl26 day | 17 o ol slya oaiia oo
F f—A—— N-c350] E F
3SF F—o— n-cuoo) 3S5F 35F tj
F :t A-Ca00 F F E\E’\a
3F A-C350 3fF 3F

—@— A-cuo

25F

& 54 £
Ay r o - &
a 2skF 2 25 2
= 25F G\S\Q = F <
S = F = F
3:' 2F b '% 2 B\E‘\E }:' b
F B— r= - F 9 E
Kaisk = %15? R’H\' iu:
v I .";’3\ o
F FF—8— vcaoo F N-ca00
r [ —4A— n-caso F—&— n-c3so0
E 0.5 F—6— n-caoo 05 N-C400
05 F F A-C300 o A-C300
F —_:t A-c350 F A-C350
oF Ofl=e— scu . ) [ o %
n L 1 1 1
- 1 1 1
0.4 0.45 0.5
0.4 0.45 0.5 N 0.4 — 045i 0.5
_ ) pbissss 4 O i oyl &3 T
Olowmw 4 T Copnd ° e

Fig. 14. The amount of changes in shear strength according to the change of water-cement ratio in the processing periods of 3, 7 and
28 days for bubble-making materials with 0.2 weight percentage
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Fig. 15. The amount of changes in shear strength according to the change of water-cement ratio in the processing periods of 3, 7 and
28 days for bubble-making materials with 0.4 weight percentage
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Fig. 16. The amount of changes in shear strength according to the change of processing time for the ratio of water to cement is
0.45
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Abstract:

Adding fresh concrete to old concrete is a common method for repairing or strengthening structures. In this
research, in order to evaluate the shear and tensile strength of the joint of old and new concrete under
successive cycles of freezing and thawing of new concrete with cement grades of 300, 350 and 400 kg/m3
and three water-to-cement ratios of 0.4, 0.45, 0.5 and bubble-making materials with amounts of 0.0, 0.1, 0.2,
0.3 and 0.4 of the weight of cement used. Then, 300 consecutive cycles of freezing and thawing were
performed on the samples after 3, 7 and 28 days of processing period. Freezing and thawing periods 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 the effect of
freezing and thawing cycles on the shear strength is more than the tensile strength of the bond and the
increase in the weight percentage of the bubble-making material has the greatest effect on the shear stress
during the 28-day processing period, and with the increase in the weight percentage of the bubble-making
material from zero to 0.4, the difference in the amount of shear stress in the conditions with and without the
freezing and thawing cycle decreases. The maximum decrease in the shear strength of the joint bond after the
application of the temperature cycle is zero in the amount of bubble-making material, so that for a 28-day
concrete sample, the shear strength decreases by 93% on average in the ratio of water to cement and different
grades of cement. According to the results of this research, with the increase in the weight percentage of
bubble-making materials from zero to 0.4, for concrete with 300, 350 and 400 kg/m® grade, the amount of
shear stress for different water-cement ratios and different processing periods decreases on average by 15%,
14% and 11%, respectively. But for laboratory conditions with freezing and thawing cycles, the amount of
shear stress increases significantly with the increase in the weight percentage of bubble-making materials, so
that for concrete with 300, 350 and 400 kg/m?® grade in the 28-day processing period and the ratio of water to
cement 0.45, with the increase in the weight percentage of bubble-making materials from zero to 0.4, the
amount of shear stress reaches from a very small value of 0.42, 0.45 and 0.47 to 2.59, 2.91 and 2.99 MPa.
With the increase of water-cement ratio in conditions without freezing and thawing cycle, the amount of
shear strength decreases, but in conditions with freezing and thawing cycles, the shear strength first increases
and then decreases, so that the highest value of shear strength occurs in the water-cement ratio of 0.45. Also,
the highest bond strength after applying freezing and thawing cycles in the samples, after 3 days of
processing in water to cement ratio of 0.4, grade of 400 kg/m3 and using 0.4% of cement weight used as
bubble material occurs.
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