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Abstract: Now a day, in the technology of concrete many research are under taken in order to
improve the strength and durability of concrete. Using microsilice gel for achieving high strength
concrete, recently is considered. Very fine and small particles and pozollan reaction with calcium
hydroxide existed in cement has made a material with low porosity and permeability hence durable
concrete. In this paper the effect of microsilice gel on mechanical properties of concrete has been
carried out. The optimize percentage of the gel as replacement of cement is tested in flexural,
compressive and permeability of the mortar and concrete specimens. The test specimens were provided
by 5% , 7% and 10% of the gel as a replacement of cement and were tested at age 3, 7, 28 and 42
days. The tests were carried out on mortars and concrete specimens. As a result optimize amount for
the compressive and permeability test on concrete is obtained by 7% gel. The highest value of flexural
strength test on mortars was 5%.   
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INTRODUCTION

Based on ASTM-C618 pozolan are silice material or aluminate silice with no adhesive properties on its
own, very small particles of pozolan in adjacent of moisture or normal heat induce chemical reaction with
calcium hydroixde in cement, that have cement adhesive properties (Ramazanian Pour, 2007; Ramazanian Pour,
et al, 1997). Microsilice is a product of manufacturing ferrosilice alloys. One of the highly reactive pozollan
are microsilice. The basic differences between microsilice and fly ash (other pozollan) the speed of reaction
that obtained with microsilice. In the hydration process of cement, the pozollan reaction of microsilice is
converting the calcium hydroxide crystals to gel. This gel (C-S-H) have lower ratio of C/S in comparison with
normal gel and high capacity for combining with ion reaction. The filling characteristics of microsilice cause
uniform distribution of hydration in mixes. Two characters of pozollan and filling tendency of microsilice make
impermeable and compacted concrete (Ramazanian Pour, 1997).

Microsilice are used in mix to achieve high strength and durable concrete. In recent projects is used in
parking, bridge deck, and concrete with abrasion resistance in dam construction. Microsilice has a reaction with
calcium hydroxide due to cement hydration and reduce the voids in cement paste and fill the capillary. Average
size of microsilice particle is 0.1 micrometer while the average particle size of cement is 15 micrometer.
Smaller particle sizes fill the voids therefore permeable concrete can be provided (Qodosi, 1997; Ramazanian
Pour, et al, 1997).

In this research Microsilice in addition with super-plastisizer used as gel is cement replaced with the
percentage of replacement are 5,7, 10% in the mixes with the same proportion ingredients. The compressive,
flexural and permeability tests were carried out on the specimens of concrete and mortars to find the optimize
percentage of gel.

MATERIALS AND METHODS

Experimental Program:
In this research following tests included compressive, permeability and flexural tests were carried out, the

description and the results obtained are presented respectively in next section. 
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Compressive Strength of Concrete:
Specimens for compressive test are cast in 150mm cube. The mix proportion and other characteristics of

the specimens are given in Table 1. Ambient and concrete temperatures are also recorded. Forty eight
specimens for compressive tests  were provided. Twelve specimens with out gel as control, 12 specimens with
5% gel, 12 specimens with 7% gel and other 12 specimen with 10% gel.  The process of specimen preparation
is shown in Figure 1. The specimens after de-molding for 24 hours kept in air temperature and then submerged
in water and wet cured before testing. Tests were carried out at 14, 28 and 42 days. 

Table 1: Specimen details and mix proportion for 150mm cube in compression test.
gel % number of Proportion (kg) Slump Concrete Ambient Cement

samples ---------------------------------------------------------------- cm temperature temp. Type
aggregate sand cement water gel EC

0 12 63.11 42.055 19.44 8.72 0 6 28 28 5
5 12 63.11 42.055 18.468 8.72 0.972 9 29 30 5
7 12 63.11 42.055 18.079 8.72 1.361 10.5 30 33 5
10 12 63.11 42.055 18.496 8.72 1.944 13 29 34 5

Fig. 1: The process of specimens preparation.

Results of Compression Test on Concrete:
The test results for compression test are given in Table 2a, 2b, 2c, 2d. Standard deviation of the samples

tested at different condition is also calculated and given in Table 2. The results is also presented in Figure 2,
3, 4 and Figure 5. Comparison result is presented in Figure 6.

Table 2a: Results of compression test on concrete at 14, 28 and 42 days without gel.
Specimen Compressive strength at Compressive strength at Compressive strength at

14 days (kg/cm2) 28 days (kg/cm2) 42 days (kg/cm2)
1 248 287 289
2 241 278 276
3 237 244 267
SUM 726 809 832
AVERAGE 242 270 277
Sd 12.7 13.4 13.6

Table 2b: Results of compression test on concrete at 14, 28 and 42 days with 5% gel.
Specimen Compressive strength at Compressive strength at Compressive strength at

14 days (kg/cm2) 28 days (kg/cm2) 42 days (kg/cm2)
1 272 306 308
2 259 296 302
3 259 294 300
SUM 790 896 910
AVERAGE 263 299 303
Sd 13.25 14.11 14.22
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Table 2c: Results of compression test on concrete at 14, 28 and 42 days with 7% gel.
Specimen Compressive strength at Compressive strength at Compressive strength at

14 days (kg/cm2) 28 days (kg/cm2) 42 days (kg/cm2)
1 281 359 367
2 270 352 350
3 248 333 343
SUM 799 1044 1060
AVERAGE 266 348 353
Sd 13.33 15.23 15.35

Table 2d: Results of compression test on concrete at 14, 28 and 42 days with 10% gel.
Specimen Compressive strength at Compressive strength at Compressive strength at

14 days (kg/cm2) 28 days (kg/cm2) 42 days (kg/cm2)
1 237 287 267
2 237 278 256
3 222 244 252
SUM 696 809 775
AVERAGE 232 270 258
Sd 14.44 13.4 13.13

Fig. 2: Average compressive strength for samples without gel.

Fig. 3: Average compressive strength for samples with 5% gel.

Fig. 4: Average compressive strength for samples with 7% gel.
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Fig 5: Average compressive strength for samples with 10% gel.

Fig. 6: Strength/time for (0,5,7,10)% gel.

Compressive Test on Mortar Specimens:
In order to find an optimize addition of Micosilice Gel in mortar a proportion mix of 1 part in weight of

cement and 2.75 part of sand were casted in 40mm x 40mm x 40mm mold. The mortars were casted based
on ASTM C109-90 (ASTM C109-90, 1985). Twenty seven specimens for test in 3 days, 7 days and 28 days
were provided. Nine specimens with out gel, nine specimens with 5% and nine specimens with 7% gel. Table
3 gives the results of the compressive test on the mortars. The result is also presented in Figure 7.   

Table 3: Average of mortar compressive strength with 0, 5, 7% of gel.
Age (days) Compressive strength Compressive strength Compressive strength 

kg/cm2 without gel kg/cm2 with 5% gel kg/cm2 with 7% gel
3 183 288 250
7 268 353 320
28 337 479 424

Fig. 7: The comparison result of compressive test on mortar of with (0,5,7,10)% gel at different age.
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Permeability Tests:
One of the important factors for determination of damage on concrete is the permeability against chloride,

sulfate and other substances. The concrete should impermeable hence durable. 
Specimens for this test were similar to compressive were 150mm cube, 0%, 5%, 7% and 10% gel were

cement replaced for test. Each sample for three days were water pressurized 500 kPa based on BS EN 12390-
8:2000 (British Standard, 2010). The water penetrations were measured in mm. The results are given in Table4.
Figures 8 to 11 present the results for each sample.

Table 4: Results of permeability tests for 3 days on concrete cubes.
Specimen Test pressure Water direction Maximum depth Diameter of
condition kPa of water impression applying water

(mm) (mm)
Without gel 500 Perpendicular to  casting direction 145 75
5 % gel 500 Perpendicular to  casting direction 50 75
7% gel 500 Perpendicular to  casting direction 30 75
10% gel 500 Perpendicular to  casting direction 40 75

Fig. 8: Permeability test on control concrete-Max depth of water penetration 145 mm.

Fig. 9: Permeability test on 5% gel specimen- Max water penetration 50 mm.

Fig. 10: Permeability test on 7% gel specimen- Max water penetration 30 mm.
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Fig. 11: Permeability test on 10% gel specimen- Max water penetration40 mm.

Flexural Test:
The flexural tests were carried out on the mortar based on ASTM C348-86 (ASTM C348-86, 2000). One

part of cement and 2.75 of sand were used to provide samples. Prism shape specimens of
160mmx40mmx40mm were provided. The method of test is given in Figure 12. Specimen at 3 days, 7 and
28 days on sample with 0%, 5% and 7% gel. For each test 3 samples were casted in total 27 specimens were
used for determination flexural strength.

Fig. 12: The process of flexural testing on mortar.

Flexural Test Results:
The results of flexural test are given in Table 5 and Figure 13. 

Table 5: Average of mortar flexural strength with 0, 5, 7% of gel.
Age (days) Compressive strength Compressive strength Compressive strength 

kg/cm2 without gel kg/cm2 with 5% gel kg/cm2 with 7% gel
3 33 39 34
7 41 47 38
28 45 50 45

Fig. 13: The comparison results on the concrete specimens with 0,5 and 7% gel at different age

Discussion of the Results:
Discussion of the results is divided into four parts, The compressive test on the concrete specimen shows

the effect of microsilice gel. The compressive test on the specimen by 7% gel shows 10%, 29% and 28%
increased in comparison of control specimens for 14, 28 and 42 days respectively. 7% gel  is an optimize
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amount because it shows highest strength. 5% gel shows lower increase in strength and 10% reached even
lower in comparison with 7%.  

The compressive test on the mortars gives the optimize value of 5% gel. For 3 days, 7 days and 28 days
with 5% gel the increased strength of  57%, 32% and 42% respectively is obtained in comparison  with control
specimens, while this value were 37% , 20% and 26% for 7% gel.   

The permeability test shows the lower depth (i.e. 30mm) of water penetration with a mix with 7% gel.
Water penetration on control specimen without gel was 145mm, on a concrete specimen with 5% gel was
50mm and on concrete specimen with 10% gel was 40mm. The specimens were subjected to 3 days water
pressure of 500 kPa.

The flexural strength tests on the specimen were carried out on the control, 5% gel and 7% gel. The
results shows that cement replacement with gel of 5% will increase the flexural strength by 18%, 15% and
11% respectively for 3 days, 7 days and 28days in comparison of the control. These values were reduced with
7% gel, to 3%, -7% and no change respectively. This shows the highest flexural increase will obtained with
5% gel.  

Conclusion:
The final conclusion of this paper can be presented in following part.

1. The compressive strength of concrete has highest value with 7% gel while in mortars the higher strength
achieved by 5 % gel in cement replacement in the mixes.

2. The permeability tests on concrete 150mm cubes gives the lower depth of water penetration with a mix
with 7% gel. 

3. The highest flexural tests on mortar specimens were obtained by 5% gel. 
The above results gives the optimize value of gel, replacement to cement. The researchers, consumer can

used this result for their own used. With low permeable concrete the higher durability can be achieved. This
can be overcome to the initial cost using the microsilice gel in concrete mix. Also electric resistance of
concrete is higher in low permeable concrete therefore can be used in electric power stations.
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