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ABSTRACT 
Use of recycled aggregate (RA) in concrete can be useful for environmental protection and economical terms. Recycled 

aggregates are the materials for the future. It is well known fact that it is giving little lower strength than natural aggregate 

concrete. Though, if it is used up to 20% of replacement, than it can give almost similar strength to that of natural aggregate 

concrete. Hence it was necessary to improve strength of recycled aggregate concrete for higher recycled aggregate content. 

Silica fume was very popular material used for strength improvement. Hence popular mix of 1:1:2 was checked with 

different % of silica fume combination. 5%, 7% and 10% of silica fume were replaced with cement and 30%, 50% and 100% 

of recycled aggregates were replaced with natural aggregate and results were analyzed. Thus total nine trials were analyzed 

and conclusions were derived in detail. 

KEY WORDS: Silica fume, Recycled aggregates, recycled aggregate concrete 

1. INTRODUCTION 

Natural aggregate concrete consumes large quantities 

of natural aggregate resources; and hence these 

resources are becoming insufficient to meet 

increasing demand. On the other hand, buildings 

which were old enough or reached to their end of 

service may be demolished and their wastage is 

becoming problem to dispose. Majority of this waste 

is used as backfill material, which will create a 

problem or pollution to the earth. One of the best 

methods to eliminate both of these problems is 

recycled aggregate concrete. Aggregates can be 

produced from this demolition waste. This will not 

only utilize the waste but also saves the natural 

resources. Many recycling methods for demolition 

waste were explored and developed for use of these 

recycled aggregates. Based on that many standards 

were also recommending use of recycled aggregates, 

for e.g. BS EN[1,2] has recommended use of 

recycled aggregate materials for secondary structural 

member with relatively low strength or for PCC work 

like paving blocks, curbs etc.  

1.1 REVIEW OF LITERATURE 

It was determined that recycled aggregate concrete 

prepared from 100% coarse and 50% fine aggregate 

will give 20 to 30% lower compressive strength than 

natural aggregates concrete [3,4]. But, it was also 

clear that strength loss can be decreased by 

modifying the mixing procedure [5, 6]. Further, 

Olorunsogo [7] has concluded that recycled 

aggregate concrete when prepared with 100% 

recycled aggregate, will give the higher water 

absorptivity than that of natural aggregate concrete at 

the curing age of 28 days. Otsuki et al. [5] has found 

that the recycled aggregate concrete has lower 

carbonation resistance than natural aggregate 

concrete.  

Silica fume is one of the supplementary cementitious 

materials used for high strength concrete. Its addition 

to concrete mixtures results in lower permeability, 

bleeding, and porosity, because their silicon dioxides 

(SiO2) react and consume calcium hydroxide which 

is produced by the hydration of cement. Basic 

advantages behind silica fume reaction are: lime 

consuming activity, smaller pore size distribution, 

and lower heat of hydration. 

2 MATERIALS AND METHODS 

2.1 EXPERIMENTAL PROGRAMME 

All materials, i.e. silica fume, cement, aggregates etc 

were tested as per respective IS. Utmost care was 

taken for preservation of materials, to the testing of 

samples and taking readings.  

Here both the normal and recycled aggregates used in 

this study were in an air-dried state. A popular 

concrete mix of 1:1:2was used here for experiment 

purpose. A constant effective water/binder ratio (w/b) 

was used 0.5 (or effective water of 266.67 kg/m
3
) for 

all concrete mixtures. Since the recycled aggregates 

had greater water absorption than normal aggregates, 

they required more water to maintain the slump of 

fresh concrete from 50 to 100 mm. 

Many standards and authors [8, 9] have pointed to the 

possibility of using recycled aggregates to produce 

structural concrete. They set variable limits to the 

percentage of substitution of the recycled aggregate 

according to the decrease in the compressive strength 

of the recycled concrete. Substitutions under 20% 

have very little effect, while those over 50% take on 

greater importance. 

Based on these observations, silica fume was used 

here for increase compressive strength of recycled 

aggregate concrete. Recycled aggregates were 

replaced by 30%, 50% and 100% with natural 

aggregate. Along with that, silica fume was replaced 

by 5%, 7% and 10% with cement. Table 1 gives here 

detail experimental programme for detail 

explanation. Mix is designated here as B and silica 

fume is shown here as Si for convenience. 

These mixes were prepared tested in laboratory for 

fresh and hardended properties of RAC. Comparisons 

for the different results are prepared with graphs.  

2.2 TESTING OF MATERIALS 

2.2.1 Silica Fume and Cement: 

The silica fume used here was in accordance with 

ASTM C 1240 – 05[10]. Its chemical and physical 

requirements are given in table 2. 
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Designation Water Cement

BSi05R30 0.5 0.95 

BSi05R50 0.5 0.95 

BSi05R100 0.5 0.95 

BSi07R30 0.5 0.93 

BSi07R50 0.5 0.93 

BSi07R100 0.5 0.93 

BSi10R30 0.5 0.9 

BSi10R50 0.5 0.9 

BSi10R100 0.5 0.9 

 

Parameter

SiO2 (%) 

Moisture Content (%)

Loss of Ignition (%)

> 45 micron (%)

Pozz activity index (7d) (%)

Sp surface (m

Bulk Density (kg/m

 

An OPC 53 grade conforming to IS 12269 

[11] was used throughout the study for concrete 

production. The samples of the cement were taken in 

accordance with the requirements of standard IS: 

3535-1986[17] and tested by using the relevant 

specification of IS [13-22]. All results were shown in 

Table 3 with their respective IS requirements for 

comparisons. 

Table 3 Results of Cement

No Type of Test Results 

1. Type of Cement OPC 53 

Grade 
2. Fineness Test 8% 

3. Normal 

Consistency 
29% 

4. Soundness Test. 4.9 mm 

5. Initial Setting time 85 Minutes 

6. Final Setting time. 198 Minutes 

7. 

 

Compressive 

Strength Test 

27.87MPa  
(3 – Days) 

37.66MPa 

 (7 – Days) 

54.73MPa 
(28 – Days) 

2.2.2 Fine and Coarse Aggregates: 

Local river sand with a fineness modulus of 3.04 was 

used as a fine aggregate. Crushed limestone with a 

maximum size of 20 mm was used as a coarse 

aggregate. Jaw crusher was used for preparation of 

recycled coarse aggregates (RCA) and opening for 

size has been decided by considering the 

Modulus (FM) of natural coarse aggregates (

Here, in this study, NCA and RCA were used with 

same FM to overcome aggregate size effect in 

concrete. Samples for any testing of aggregate were 

prepared in accordance with IS: 2430 

Sieve Analysis and other testes of aggregates were 

carried out as per the guidelines given by respective 

IS [13] and detail grading chart is shown below in 

Fig 1. 
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Table 1 Mix Proportions 

Cement Silica Fume Fine Aggregate 
Coarse Aggregate

RA 

 0.05 1 0.6 

 0.05 1 1 

 0.05 1 2 

 0.07 1 0.6 

 0.07 1 1 

 0.07 1 2 

0.10 1 0.6 

0.10 1 1 

0.10 1 2 

Table 2 Results of silica fume 

Parameter Specifications Result 

Min 85 85.5 

Content (%) Max 3 0.55 

Loss of Ignition (%) Max 6 2.1 

> 45 micron (%) Max 10 0.87 

Pozz activity index (7d) (%) Min 105 137 

Sp surface (m2/g) Min 15 19.0 

Bulk Density (kg/m3) 500 – 700 580 

An OPC 53 grade conforming to IS 12269 – 1987 

throughout the study for concrete 

production. The samples of the cement were taken in 

accordance with the requirements of standard IS: 

1986[17] and tested by using the relevant 

]. All results were shown in 

respective IS requirements for 

Results of Cement 

IS - Limits 

- 

<10% 

- 

< 10 mm 

>30 min 

<600 min 

>27 MPa 

>37 MPa 

>53 MPa 

modulus of 3.04 was 

used as a fine aggregate. Crushed limestone with a 

maximum size of 20 mm was used as a coarse 

aggregate. Jaw crusher was used for preparation of 

and opening for 

size has been decided by considering the Fineness 

natural coarse aggregates (NCA). 

Here, in this study, NCA and RCA were used with 

same FM to overcome aggregate size effect in 

concrete. Samples for any testing of aggregate were 

prepared in accordance with IS: 2430 – 1995[17]. 

e Analysis and other testes of aggregates were 

carried out as per the guidelines given by respective 

] and detail grading chart is shown below in 

Fig. 1 Grading Curve of Fine and Coarse 

Aggregate 

Elongation and flakiness index tests were carr

in accordance with IS: 2386 (PART I) 

while specific gravity, apparent specific gravity, 

water absorption and bulk density were determined 

using IS: 2386 (PART III) – 1997[15

shown in Table 4. 

Table 4 Basic properties of aggregates 

 NCA 

Specific Gravity 2.84 

Apparent Sp. Gravity 2.77 

Water Absorption 0.89% 

Bulk Density (kg/m3) 1490 

Apparent Density 

(kg/m3) 
2820 

Flakiness Value (%) 14.4 % 25.33 %

Elongation Value (%) 16.45 % 21.50 %

Mechanical properties of aggregates were determined 

by using IS: 2386 (Part IV) – 1997[16

table 5 below. It shows that all aggregates results 

were within prescribed IS limits. 
Table 5 Mechanical properties of A

 NCA

Impact Value (%) 8.88 %

Crushing Value (%) 14.04 %

Abrasion Value (%) 15.58 %

IS Limit (For Road) (%) 30.00 %

IS Limit (For Buildings) (%) 
 (50% for abrasion)

ISSN2249–8974 

Coarse Aggregate 

NA 

1.4 

1 

0 

1.4 

1 

0 

1.4 

1 

0 

Grading Curve of Fine and Coarse 

Elongation and flakiness index tests were carried out 

in accordance with IS: 2386 (PART I) – 1997[14], 

while specific gravity, apparent specific gravity, 

water absorption and bulk density were determined 

15]. Results were 

ggregates  

RA NF

A 2.35 2.70 

2.31 2. 67 

7.57% 0.80

% 
1290 1480 

2510 2680 

25.33 % - 

21.50 % - 

Mechanical properties of aggregates were determined 

16] and shown in 

below. It shows that all aggregates results 

Mechanical properties of Aggregates 

NCA RA 

8.88 % 15.03 % 

14.04 % 25.52 % 

15.58 % 26.70 % 

30.00 % 

450% 

(50% for abrasion) 
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2.2.3 Concrete Testing 

Sampling and analysis of concrete have been carried 

out as per IS: 1199 – 1959[13]. The quantities of 

cement, fly ash, silica fume, each size of aggregate, 

and water for each batch was determined by weight, 

to an accuracy of 0.1 percent of the total weight of 

the batch. A fresh property of concrete (i.e. 

workability) was measured with help of slump cone 

test and test was carried out in accordance with IS

1199 – 1959[13]. The cubical moulds were of 150 

mm each dimension, while cylindrical mould was of 

150 mm diameter and 300 mm height and both are 

conforming to IS: 10086-1982[23]. All strength tests 

were carried out in accordance with IS: 516 

[24], while split tensile strength of concrete was 

measured in accordance with IS: 5816 – 

3. RESULTS AND DISCUSSIONS 

Compressive, tensile and flexural tests were carried 

out for all the materials and details of results were 

shown below with bar charts. 0% 10% and 20% of 

RA were checked for only 0% silica fume 

replacement.  

Table 6 fck7 for Mix B with different % of silica 

fume and RCA (MPa) 
  0 10 20 30 

BSi0 27.7 27.29 27.17 27.04 

BSi05 - - - 27.95 

BSi07 - - - 29.44 

BSi10 - - - 32.34 

 

Fig 2 fck7 for Mix B with different % of silica fume 

and RCA (MPa) 

 

Table 7 fck for Mix B with different % of silica 

fume and RCA (MPa) 
  0 10 20 30 

BSi0 40.71 40.33 39.67 38.96 

BSi05 - - - 40.66 

BSi07 - - - 42.47 

BSi10 - - - 45.2 

 

Fig 3 fck for Mix B with different % of sili

and RCA (MPa) 
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s of concrete have been carried 

]. The quantities of 

cement, fly ash, silica fume, each size of aggregate, 

and water for each batch was determined by weight, 

to an accuracy of 0.1 percent of the total weight of 

sh property of concrete (i.e. 

measured with help of slump cone 

test and test was carried out in accordance with IS: 

]. The cubical moulds were of 150 

mm each dimension, while cylindrical mould was of 

m height and both are 

]. All strength tests 

were carried out in accordance with IS: 516 – 1963 

], while split tensile strength of concrete was 

 1999[25]. 

pressive, tensile and flexural tests were carried 

out for all the materials and details of results were 

shown below with bar charts. 0% 10% and 20% of 

RA were checked for only 0% silica fume 

with different % of silica 

50 100 

23.26 20.62 

25.37 23.13 

27.77 27.24 

29.89 28.93 

 
with different % of silica fume 

with different % of silica 

50 100 

33.6 30 

36.25 35.41 

41.63 40.88 

43.81 42.72 

 
with different % of silica fume 

Table 8 fct7 for Mix B with different % of silica 

fume and RCA (MPa)
  0 10 20 30

BSi0 3.29 3.25 3.24 2.92

BSi05 - - - 3.22

BSi07 - - - 3.44

BSi10 - - - 4.12

 

Fig 4 fct7 for Mix B with different % of silica fume 

and RCA (MPa) 

Table 9 fct for Mix B with different % of silica 

fume and RCA (MPa)

 
0 10 20 30 

BSi0 4.62 4.59 4.54 4.15

BSi05 - - - 4.57

BSi07 - - - 5.03

BSi10 - - - 5.38

 

Fig 5 fct for Mix B with different % of silica fume 

and RCA (MPa) 

Table 10 fcr7 for Mix B with different % of silica 

fume and RCA (MPa)

 
0 10 20 30 

BSi0 3.3 3.25 3.23 3.15

BSi05 - - - 3.34

BSi07 - - - 3.72

BSi10 - - - 4.06

 

Fig 6 fcr7 for Mix B with different % of silica fume 

and RCA (MPa) 
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with different % of silica 

fume and RCA (MPa) 
30 50 100 

2.92 2.49 2.14 

3.22 3.07 2.87 

3.44 3.37 3.31 

4.12 3.82 3.65 

 
with different % of silica fume 

 

with different % of silica 

fume and RCA (MPa) 
 50 100 

4.15 3.52 2.97 

4.57 4.1 3.66 

5.03 4.8 4.66 

5.38 5.2 4.92 

with different % of silica fume 

 

with different % of silica 

fume and RCA (MPa) 
 50 100 

3.15 2.59 2.16 

3.34 3.1 2.83 

3.72 3.51 3.4 

4.06 3.79 3.6 

 
with different % of silica fume 
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Table 11 fcr for Mix B with different % of 

silica fume and RCA (MPa)

 
0 10 20 30 

BSi0 4.64 4.56 4.51 4.24 

BSi05 - - - 4.65 

BSi07 - - - 5.11 

BSi10 - - - 5.49 

 

Fig 7 fcr for Mix B with different % of silica fume 

and RCA (MPa) 

Table 12 E7 for Mix B with different % of silica 

fume and RCA (MPa) 

 
0 10 20 30 

BSi0 23510 23393 23359 23322 22180

BSi05 - - - 23580 22831

BSi07 - - - 23992 23530

BSi10 - - - 24755 24114

 

Fig 8 E7 for Mix B with different % of silica fume 

and RCA (MPa) 

 

Table 13 E for Mix B with different % of silica 

fume and RCA (MPa) 

 
0 10 20 30 

BSi0 26729 26646 26500 26341 25073

BSi05 - - - 26718 25715

BSi07 - - - 27109 26929

BSi10 - - - 27678 27391

 

Fig 9 E for Mix B with different % of silica fume 

and RCA (MPa) 

4. CONCLUSIONS: 

Silica fume is the one of the most popular 

pozzolanas, whose addition to concrete mixtures 

results in lower porosity, permeability and bleeding 
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with different % of 

silica fume and RCA (MPa) 
50 100 

3.52 3.09 

4.18 3.89 

4.71 4.67 

5.25 5.1 

 

with different % of silica fume 

with different % of silica 

50 100 

22180 21307 

22831 22138 

23530 23379 

24114 23853 

 
with different % of silica fume 

with different % of silica 

50 100 

25073 24143 

25715 25515 

26929 26766 

27391 27162 

 
with different % of silica fume 

Silica fume is the one of the most popular 

se addition to concrete mixtures 

results in lower porosity, permeability and bleeding 

because their oxides (SiO2) react with and consume 

calcium hydroxides which is produced by the 

hydration of ordinary Portland cement. The main 

results of pozzolanic reactions are: lower heat 

liberation and strength development; lime

activity; smaller pore size distribution.

Based on the experimental results mentioned above, 

following conclusions were drawn- 

• Water absorption of RCA was 5 to 9 times 

higher and specific gravity of is 15% to 20% 

lower than the NCA. Furthermore, RCA had 9 

to 11% lower density. Attached cement mortar 

and voids in that are the basic reason behind 

such behaviour. 

• These aggregates are used without any type of 

treatment, i. e. without washi

treatment. Water absorption, specific gravity 

and density will further improve, if one can use 

these aggregates by proper treatment.

• Elongation and flakiness index were observed 

little higher for RCA. 

• All other properties of aggregates (i.e

aggregate crushing value, aggregate impact 

value, aggregate abrasion value etc) were 

showing values within IS limit for all source of 

recycled aggregates. 

• 7% addition of silica fume to 100% RA 

concrete will give the same result as that of 

100% NA concrete. 5% incorporation will not 

be sufficient for 100% RA replacement, while 

10% silica fume is giving little higher result 

than required. 

• It was observed that the presence of recycled 

aggregates seemed to produce lower 

performance levels in terms of sustaine

However, the addition of silica fume was also 

seen to have a beneficial effect on controlling 

this performance. 
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