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1. Introduction

One of the major destruction of concrete in cold region is due to freeze and thaw cycles. Resistance to freeze and
thaw cycles depends on high stress in concrete particularly when water in the pores of aggregates freezes. This leads
to a volume change and resulting in more cracks in concrete and loss of durability. Nano-silica in the mix not only
activates pozzolanic reaction but also acts as filler which in turn improves micro-structure of concrete paste. Use of
glass fiber can help to bridge the gap initiated due to frost action [1]. In this study the effect of different replacement
percentages of nano-silica with cement and fiber glass, and the number of freeze and thaw cycles on concrete
strength was evaluated.

2. Materials and Method

In preparing samples, coarse and fine aggregates with a maximum size of 12.5 mm 4.75 mm respectively were
used in accordance to ASTM C-33-84 [2]. Pozzolanic cement and glass fiber with diameter of 0.02 micron and 12
mm in length were introduced into mixer. For workability purpose, a super plasticizer was applied to fresh concrete.

2.1. Preparing & curing

Design of mixes was based on ACI 211 [3] with different percentages of nano-silica 0, 1, 2 and 3 and fibers 0,
0.2, 0.4 and 0.6 percent by cement weight. The samples were tested for three cycles of 45, 100 and 150. A total of
17 mix designs with 18 test specimens for each mix were casted for experiment.

2.2. Experimental program

Compressive strength tests were done on 100 mm cube loaded at a rate of 2.5 kN/s in conformance with ASTM
C330.

3. Results and discussion

Loss of compressive strength was used as done an index for the evaluation of nano-silica and glass fibers
replacing cement in addition to number of freeze and thaw cycles. Compressive strength of concrete (average of 3
specimen) for 45, 100 and 150 freeze and thaw cycles are presented in Table 1. Compressive strength of control
specimens at 28, 56 and 74 days (simultaneous to 45,100, 150 freeze and thaw) are listed in Table 2.
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Table 1. Compressive strength of samples in freeze and thaw cycles

Mix  sample [e(kgromd)  f. (kgiem?) £ (kgiem?)

Group 45 cycles, 100cycles, 150 cycles,
Number Name 28 Days 56 Days 74 Days
1 Go No 406.0 421.0 465.0
A 2 Go N; 506.7 581.3 497.0
3 Go N, 389.0 493.0 381.7
4 Go N3 367.0 386.0 371.0
5 Go2 No 515.0 558.0 570.3
B 6 Go2 Ny 526.0 566.0 592.0
7 Go2 N2 519.7 483.0 481.3
8 Go2 N3 391.7 387.0 312.7
9 Goa No 449.0 505.7 560.7
c 10 Goa Ni 484.7 552.3 568.0
11 Goa N2 402.3 471.3 446.3
12 Goa N3 347.0 387.0 288.3
13 Gos No 458.3 564.0 566.7
D 14 Gos Ny 539.0 578.0 598.3
15 Gos N2 461.7 489.0 484.7
16 Gos N3 194.0 213.7 169.7
Table 2. Compressive strength of samples in different days
Group Mix sample  f.(kglem®)  f.(kg/cm?)  f.(kg/cm?)
Number Name 28 Days 56 Days 74 Days
1 Go No 442.0 543.0 584.0
A 2 Go Ny 464.3 638.0 657.0
3 Go N, 456.7 580.0 604.0
4 Go N3 392.3 454.3 497.0
5 Go2 No 517.3 641.7 657.0
B 6 Goz Ny 575.7 685.3 709.3
7 Go2 N2 578.7 597.7 615.0
8 Go2 N3 411.0 470.7 479.0
9 Goa No 516.3 623.0 657.0
c 10 Goa Ny 601.7 672.7 684.0
11 Gos N, 493.3 532.3 566.0
12 Goa N3 427.0 483.7 509.7
13 Gos No 528.0 671.3 682.3
D 14 Gos N1 576.3 693.0 718.3
15 Gos N2 497.3 532.3 592.0
16 Gos N3 271.2 299.0 326.0

3.1. Effect of nano-silica and fiber

Fig. 1 contains nano-silica and fiber effects on concrete compressive strength. Control concrete specimens
cured in water for 74 days (simultaneous with 150 freeze and thaw cycles) showed that 1% nano-silica with 0.6%
fiber resulted in highest strength among all mixes (718kg/cm?) as well as in 150 freezes and thaw cycles (599
kg/cm?). The high strength in the mix can be attributed to pozzolance properties of nano-silica and its filling
property caused by chemically produced C-S-H gel. Higher percentage pf nano-silica leads to lower strength as a
result of low hydration reaction.

———— DHGF

—— 0.Z%GF
0.4% GF

—w o 0.E SGGF

09 19% 296 3%

L Nana Silica

Fig. 1. Compressive strength of concrete with different percentage of nano-silica and glass fiber in 150 cycles
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3.2. Effect of freeze and thaw

Loss of compressive strength resulting from increase in freeze and thaw cycles is tabulated in table 3. Number 69
mixes without nano-silica and 0.4% fiber has gained higher strength rate for 100 and 150 cycles as compared to 45
cycles.

Table 3. Compressive strength ratio of samples in different freeze and thaw cycles

Mix Sample fc'150 / fclwo

Group  \imber  Name fesoo / Feas fso ! fess
1 Go Ng 1.04 1.10 1.15
A 2 Go N1 1.15 0.85 0.98
3 Go N> 1.27 0.77 0.98
4 Go N3 1.05 0.96 1.01
5 Goo No 1.08 1.02 1.11
B 6 Ggo Ny 1.08 1.05 1.13
7 Go2 N, 0.93 1.00 0.93
8 Go2 N3 0.99 0.81 0.80
9 G No 1.13 1.11 1.17
c 10 Gos Ny 1.14 1.03 1.25
11 Gos N, 1.17 0.95 1.11
12 Goa N3 1.12 0.75 0.83
13 Gos No 1.23 1.00 1.24
D 14 Gos Ny 1.07 1.04 1.11
15 Ggs N> 1.06 0.99 1.05
16 Gos N3 1.10 0.79 0.87

4. Conclusions
The most significant results can be deduced from the present study are as follows:

1. Use of fiber requires super plasticizer for both workability purposes and preventing its accumulation.

2. Highest strength was resulted for 1% nano-silica and 0.6% glass fiber.

3. The increase of nano-silica percentage from 1% to 3% results in the reduction of strength at a fast pace in both
normally cured and freeze-and-thaw exposed specimens.
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