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ABSTRACT:

Interlocking concrete wall blocks may vary in different sizes, shapes, and finishes, allowing the design much flexibility. They can easily be incorporated into
different architectures with great compatibility. Their versatility allows them to be used for either mere ornamentation or functional application Also, with the
interlocking mechanism, the wall remains stable and strong without any reinforcement . Interlocking concrete wall blocks, in general, offer a practical, durable, and
cost-effective solution for many different constructions and landscaping need The main objective of this experimentation is to produce green interlocking concrete
wall blocks using industrial wastes such as fly ash, waste foundry sand, recycled aggregate.

While preparing the interlocking concrete wall blocks cement is partially replaced by fly ash, natural sand by waste foundry sand and natural coarse aggregate by
waste recycled aggregates.

Keywords: Green concrete, interlocking blocks, industrial wastes, sustainability, circular economy, eco- friendly construction.

Introduction:

Carbon dioxide (CO,) emissions are associated with critical environmental problems such as global warming and climate change .The construction
industry is one of the largest culprits when it comes to carbon dioxide emissions. Based on previous research, cement production emits approximately 0.8
tons of CO, for every tonne of cement produced; the cement industry alone is expected to emit 164 million tons of CO,in 2022

For the last ten years, scientists have studied the feasibility of replacing cement with alternative cementitious materials like fly ash, GGBS, rice husk, and
silica fume. Scientists all over the world are still trying to find cement alternatives.

Objectives of the study:

Interlocking concrete wall blocks are the most innovative construction solution providing an efficient and cost-effective method for building strong,
robust walls without mortar or adhesives. These blocks feature interlocking qualities, including grooves and tongues, that enable them to be laid
together in such a way that it creates a stable unit when stacked. The interlocking blocks allow for this interlocking capability and eliminate traditional
mortar, and they are easily installed, and so labor charges as well as the construction period would be considerably less.

The main objective of this experimentation is to produce green interlocking concrete wall blocks using industrial wastes such as fly ash, waste foundry
sand, recycled aggregate.While preparing the interlocking concrete wall blocks cement is partially replaced by fly ash, natural sand by waste foundry
sand and natural coarse aggregate by waste recycled aggregates.
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3. Materials and methodology:

3.1 Cement:

Locally available Ordinary Portland cement of 43 grade was used in this experiment.

3.2 Fine aggregate

Locally available sand confirming to zone | (1.5.—383-2016) with specific gravity 2.6, and water absorption 1% was used.
3.3 Coarse aggregates

Locally available crushed angular gravels 20mm downsize are used, with specific gravity 2.76

3.4 Fly ash

Locally available fly ash in RMC plant was used in the experiment

3.5 Waste foundry sand

Waste foundry sand is a byproduct generated from metal casting processes in foundries. Waste foundry sand was brought from the industrial plants
3.6 Recycled aggregate

Recycled aggregate is material that has been recovered from demolished concrete structures. Recycled aggregate was brought from demolished concrete
roads

3.7 Methodology:

The green interlocking concrete wall blocks are prepared by replacing 20% of cement by fly ash, 30% of natural sand by waste foundry sand and natural
coarse aggregate are replaced by waste recycled aggregates in varying percentages.

“The wet concrete is tested for its workability through slump, compaction factor, V.B degree and percentage flow

The hardened concrete is tested for its compressive strength, tensile strength, flexural strength, shear strength, impact strength, water absorption and
soroptivity.Also the blocks are tested for heat insulation and sound insulation.

4.Experimental results :

This section deals with the experimental results on the production of green concrete interlocking wall blocks produced by using various industrial wastes.
In this 20% of cement is replaced by fly ash and 30% natural sand is replaced by waste foundry sand. Also the natural aggregates are replaced by recycle
aggregates in various percentages such as 0% ,10% ,20%,30%,40%,50%,60%,70%,80%,90%, 100%

4.1 Workability test result

Following table 1 give the workability test result of concrete produced by using various industrial wastes required for the production of interlocking wall
blocks. The results are depicted in the form of graph as shown in figure 1,2 and 3

Table 1 Workability test results
Percentage replacement of .
natural agggrega‘:e by recycled Slump (mm) Compaction Vee Bee
factor degree (sec)
aggregate
0% 300 0.988 9
10% 280 0.988 17
20% 270 0.987 18
30% 250 0.980 25
40% 250 0.975 26
50% 240 0.970 26
60% 240 0.967 26
70% 230 0.963 30
80% 230 0.957 36
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4.2 Water absorption and sorptivity test results

Following table 2 give the water absorption and sorptivity test results of concrete produced by using various industrial wastes required for the production
of interlocking wall blocks. The results are depicted in the form of graph as shown in figure 4, 5

Table 2 Water absorption and soropitivity test result

Percentage replacement of natural aggregate

by recycled aggregate Water absorption (%) Soropitivity (mm/min)

0% 1.26 2.54

10% 1.02 2.30
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20% 0.96 2.00
30% 1.15 2.10
40% 1.33 2.22
50% 1.49 251
60% 1.60 2.76
70% 1.79 2.82
80% 1.96 2.96
90% 2.05 3.00
100% 2.20 3.10
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4.3 Compressive strength test results

Percentage replacement of natural aggregates by
recycled aggregate

Fig 5 Variation of soroptivity

Following table 3 give the compressive strength test results of concrete produced by using various industrial wastes required for the production of
interlocking wall blocks. The results are depicted in the form of graph as shown in figure 6.

Table 3 Compressive strength test results

Percentage
Percentage .
replacement of Failure Compresiv Average ncrease or
Weight of the Density Average compressiv decrease of
natural aggregate : . load e strength .
specimen(N) (N/Cum) density(N/Cum) e strength compressive
by recyled (kN) (MPa)
anareqate (MPa) strength w.r.t
g9reg refrence mix
0% 75.75 22444.44 510 22.67
° . 75.58 22394.07 22388.15 520 23.11 23.04 0.00
(Ref. mix)
75.35 22325.93 525 23.33
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4.4 — Shear strength test results

Percentage replacment of natural aggregates...

Fig 6 Variation of compressive strength
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Following table 4 give the shear strength test results of concrete produced by using various industrial wastes required for the production of interlocking

wall blocks. The results are depicted in the form of graph as shown in figure 7

Table 4 Shear strength test results

Percentage increase or
Percentage replacement of
natural agareqate by recvcled Failure load (kN) Shear strength Average shear decrease of shear
gared y recy (MPa) strength (MPa) strength w.r.t reference
aggregate .
mix
214 12,51
0%
. 230 13.45 12.96 0.00
(Ref. mix)
221 12.92
216 12.63
10% 13.18 1.65
235 13.74
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225 13.16
220 12.87
20% 245 14.33 13.74 429
240 14.04
150 8.77
30% 135 7.89 7.99 4184
125 7.31
140 8.19
40% 130 7.60 7.89 1.2
135 7.89
138 8.07
50% 130 7.60 7.66 -2.96
125 7.31
135 7.89
60% 125 7.31 7.47 -2.54
123 7.19
130 7.60
70% 122 7.13 7.25 -2.87
120 7.02
125 7.31
80% 128 7.49 7.17 -1.08
115 6.73
120 7.02
90% 130 7.60 7.02 217
110 6.43
115 6.73
100% 120 7.02 6.73 417
110 6.43
15.00
©
a
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ey
)
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g
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Fig 7 Variation of shear strength
4.5 — Impact strength test results
Following table 5 give the impact strength test results of concrete produced by using various industrial wastes required for the production of interlocking

wall blocks . The results are depicted in the form of graph as shown in figure 8 and 9
Table 5 Impact strength test result

Percentage
increase or
Average Impact Average decrease of
Percentage Impact . . .
Number of impact Number of | strength for impact impact
replacement of strength for .
natural acareqate b blows for first crack strength for blows for | final strength for | strength for
g9reg y first crack first crack final failure | failure (N- | final failure | final failure
recyled aggregate (N-m)
(N-m) m) (N-m) w.r.t
reference
mix
32 5.76 7.02 36 6.48 7.38 0
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0% 37 6.66 38 6.84
(Ref. mix) 48 8.64 49 8.82
34 6.12 36 6.48
10% 39 7.02 7.32 40 7.20 7.56 244
49 8.82 50 9.00
38 6.84 40 7.20
20% 51 9.18 7.86 52 9.36 8.10 7.14
42 7.56 43 7.74
28 5.04 29 5.22
30% 45 8.10 6.78 46 8.28 6.96 -14.07
40 7.20 41 7.38
26 468 27 4.86
40% 42 7.56 6.36 43 7.74 6.54 -6.03
38 6.84 39 7.02
37 6.66 40 7.20
50% 41 7.38 6.12 42 7.56 6.48 -0.92
24 432 26 4.68
35 6.30 36 6.48
60% 40 7.20 5.88 41 7.38 6.06 -6.48
23 414 24 432
34 6.12 35 6.30
70% 20 3.60 5.52 21 378 5.70 -5.94
38 6.84 39 7.02
33 5.94 34 6.12
80% 19 3.42 5.22 20 3.60 5.40 5.26
35 6.30 36 6.48
31 5.58 32 5.76
90% 32 5.76 4.86 33 5.94 5.04 -6.67
18 3.24 19 3.42
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Fig 8 Variation of impact strength for first crack
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4.6 — Heat insulation test results
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Fig 9 Variation of impact strength for final failure

Following table 6 give the heat insulation test results of concrete produced by using various industrial wastes required for the production of interlocking

wall blocks. The results are depicted

in the form of graph as shown in figure 10.

Table 6 Heat insulation test results
. Difference in
Percentage replacement of Duration of Temperature of Temperature of
. temperature of lower
natural aggregate by heatinng upper surface lower surface
recycled aggregate (min) (°C) (°C) surface and upper
4 goreg surface (°C)
0% 5 16 55 39
10% 5 11 62 51
20% 5 8 70 62
30% 5 12 69 57
40% 5 12 68 56
50% 5 20 75 55
60% 5 15 70 55
70% 5 12 65 53
80% 5 14 65 51
90% 5 10 60 50
100% 5 14 63 49
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Fig 10 Variation of thermal conductivity
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5. Observations and discussions :
The following observations are made based on experimentation conducted.

1. Table 1 gives the workability test results as measured from slump, compaction factor and VB degree. The graphical representation of
workability is shown figure 1, 2 and 3. It is observed that the workability of concrete using industrial wastes and by replacing natural aggregates
by recycled aggregates goes on decreasing as the percentage replacement of natural aggregates by recycled aggregates goes on increasing.

This may be due to fact that as the percentage replacement of natural aggregates by recycled aggregates goes on increasing, the adhared cement
particle to the recycled aggregates offer lot of friction to the concrete for the flow, thereby reducing workability.

Thus it can be concluded that the workability in terms of slump, compaction factor and VB degree goes on decreasing as the percentage
replacement of natural aggregates by recycled aggregates increases.

2. Table 2 gives the water absorption and sorptivity test results and graphical representation of the same is given in figure 4 and 5. It is observed
that the water absorption and sorptivity goes on decreasing up to 20% replacement of natural aggregates by recycled aggregates. After 20%
replacement, the water absorption and sorptivity starts increasing. At 20% replacement the water absorption and sorptivity are found to be
0.96% and 2.00mm/min

This may be due to fact that at 20% replacement of natural aggregates by recycled aggregates, the pore structure may become minimum.
Maximum voids will be filled at 20% replacement, there by decreasing the water absorption and sorptivity values.

Thus it can be concluded that the water absorption and sorptivity value are lower at 20% replacement of natural aggregates by recycled
aggregates and water absorption and sorptivity values are found to be 0.96% and 2.00mm/min

3. Table 3 gives the compressive strength test results and graphical representation of the same is given in figure 6.It is observed that the
compressive strength goes on increasing up to 20% replacement of natural aggregates by recycled aggregates. After 20% replacement the
compressive strength starts decreasing. At 20% replacement the compressive strength is found to be 23.70MPa and percentage increase in
compressive strength with respect to reference mix is found to be 0.95 percent.

This may be due to fact that at 20% replacement of natural aggregates by recycled aggregates, the adhared cement particles may create a strong
bond between the cement mixture, there by increasing the compressive strength of concrete required for green interlocking wall blocks.

Thus it can be concluded that the compressive strength is higher at 20% replacement of natural aggregates by recycled aggregates and its
compressive strength is found to be 23.70MPa MPa and it's percentage increase in compressive strength is found to be 0.95 % with respect to
reference mix.

4.  Table 4 gives the shear strength test results and graphical representation of the same is given in figure 7.1t is observed that the shear strength
goes on increasing up to 20% replacement of natural aggregates by recycled aggregates. After 20% replacement the shear strength starts
decreasing. At 20% replacement the shear strength is found to be 13.74MPa and percentage increase in shear strength with respect to reference
mix is found to be 4.29 percent.

This may be due to fact that at 20% replacement of natural aggregates by recycled aggregates, the adhared cement particles may create a strong
bond between the cement mixture, there by increasing the shear strength of concrete required for green interlocking wall blocks.

Thus it can be concluded that the shear strength is higher at 20% replacement of natural aggregates by recycled aggregates and its shear
strength is found to be 13.74MPa and it's percentage increase in shear strength is found to be 4.29 % with respect to reference mix.

5. Table 5 gives the impact strength test results and graphical representation of the same is given in figure 8 and 9.1t is observed that the impact
strength goes on increasing up to 20% replacement of natural aggregates by recycled aggregates. After 20% replacement the impact strength
starts decreasing. At 20% replacement the impact strength is found to be 8.10N-m and percentage increase in impact strength with respect to
reference mix is found to be 7.14 percent.

This may be due to fact that at 20% replacement of natural aggregates by recycled aggregates, the adhared cement particles may create a strong
bond between the cement mixture, there by increasing the impact strength of concrete required for green interlocking wall blocks.

Thus it can be concluded that the impact strength is higher at 20% replacement of natural aggregates by recycled aggregates and its impact
strength is found to be 8.10N-m and it's percentage increase in impact strength is found to be 7.14 % with respect to reference mix.
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Table number 6 gives heat insulation test results and graphical representation of the same is given in figure 10.It is observed that the heat
insulation goes on increasing up to 20% replacement of natural aggregates by recycled aggregates. After 20% replacement the heat insulation
starts decreasing.

This may be due to fact that at 20% replacement of natural aggregates by recycle aggregates, the pore structure becomes minimum. After 20%
pore structure increases,there by decreasing the heat insulation.

Thus, it can be concluded that the heat insulation is higher at 20% replacement of natural aggregates by recycled aggregates. After 20%
replacement the heat insulation starts decreasing.

6 .Conclusions :

Following conclusions may be drawn from the tests conducted on concrete required for the production of green interlocking wall blocks.

1.

The workability in terms of slump, compaction factor and VB degree goes on decreasing as the percentage replacement of natural aggregates
by recycled aggregates increases.

The water absorption and sorptivity is lower at 20% replacement of natural aggregates by recycled aggregates and its water absorption and
sorptivity are found to be 0.96% and 2.00mm/min

3.The compressive strength is higher at 20% replacement of natural aggregates by recycled aggregates and its compressive strength is found
to be 23.70MPa and it's percentage increase in compressive strength is found to be 0.95% with respect to reference mix.

The shear strength is higher at 20% replacement of natural aggregates by recycled aggregates and its shear strength is found to be 13.74MPa
and it's percentage increase in shear strength is found to be 4.29% with respect to reference mix.

The impact strength is higher at 20% replacement of natural aggregates by recycled aggregates and its impact strength is found to be 8.10N-
m and it's percentage increase in impact strength is found to be 7.14% with respect to reference mix.

The heat insulation is higher at 20% replacement of natural aggregates by recycled aggregates. After 20% replacement the heat insulation
starts decreasing.

Acknowledgement

The authors would like to express their gratitude to Poojya Shri Dr. Tontad Siddharam Mahaswamiji, Yedeyur, Jagadguru Tontdarya Samsthanmath,
Dambal, Gadag and Poojya Shri Dr. Allamaprabhu Swamiji, Naganur Shri Rudrakshimath, Belagavi for their continuous support and encouragement.
The authors would like to thank Dr. F. V. Manvi Chairman of S. G. Balekundri Institute of Technology, for their support.The authors thank Dr. B. R.
Patagundi Principal, S. G. Balekundri Institute of Technology for all the help and encouragement given during the work. Also, the authors thank all the
staff of Civil Engineering Department for giving all the support in the laboratory.

REFERENCES :

1. Hussein M. Hamada, Farid Abed etal. “Effect of silica fume on the properties of sustainable cement concrete”,
https://doi.org/10.1016/j.jmrt.2023.05.147

2. Paul .D, Bindhu K.R, Matos A.M, Delgado .J, “Eco-friendly concrete with waste glass powder: a sustainable and circular solution, Constr.
Build. Mater.” 355 (2022), 129217, https://doi.org/10.1016/J.CONBUILDMAT.2022.129217

3. Akhtar MN, Jameel M, Ibrahim Z, Bunnori NM. “Incorporation of recycled aggregates and silica fume inconcrete: An environmental savior-
a systematic review”. J Mater Res Technol 2022.

4. Ibrahim K.1.M, -'Recycled waste glass powder as a partial replacement of cement in concrete containing silica fume and fly ash”,| Case Studies
in Construction Materials, vol. 15, Article ID e00630, 2022.

5. Banar R, Dashti P, Zolfagharnasab A, Ramezanianpour AM, Ramezanianpour AA. “A comprehensive comparison between using silica fume
in the forms of water slurry or blended cement in mortar/concrete”. J Build Eng2021;46:103802.

6. Fang Y, Wang J, Ma H, Wang L, Qian X, Qiao P. “Performance enhancement of silica fume blended mortars using biofunctionalized nano-
silica”. Construct Build Mater 2021;312:125467.

7. Yoro KO, Daramola MO. CO2 “emission sources, greenhouse gases, and the global warming effect. In: Advances in carbon capture.” Elsevier;
2020. p. 3e28.

8. Nasrin S, Ibrahim A. “Flexural response of Ultra-High-Performance Concrete (UHPC) hybrid bridge deck connections made with local
materials”. Construct Build Mater 2020;270:121451

9.  Keerio MA, Abbasi SA, Kumar A, Bheel N, Tashfeen M. “Effect of silica fume as cementitious material and waste glass as fine aggregate

replacement constituent on selected properties of concrete. Silicon” 2020:1e12.


https://doi.org/10.1016/j.jmrt.2023.05.147
https://doi.org/10.1016/J.CONBUILDMAT.2022.129217

International Journal of Research Publication and Reviews, Vol (6), Issue (2), February (2025), Page — 1637-1647 1647

10.

11

12.

13.

Khan M.N.N, Saha A.K, Sarker P.K, “Reuse of waste glass as a supplementary binder and aggregate for sustainable cement-based
construction materials” a review, J. Build. Eng. 28 (2019),101052, https://doi.org/10.1016/J. JOBE.2019.101052.

“Investigation on foam concrete without and with recycled glass powder: a sustainable solution forfuture construction” Constr. Build. Mater.
201 (2019) 369-379, https://doi.org/10.1016/j.conbuildmat.2018.12.178

Alnahhal M. F , U. J., Alengaram M. Z. Jumaat, M. A. Algedra, K. H. Mo, and Sumesh.,

-"Evaluation of industrial by-products as sustainable pozzolanic materials in recycled aggregate concrete,l Sustainability ”, vol. 9, no. 5,767,
2017.

Limbachiya. M, Meddah M. S, and Ouchagour .Y, -'Use of recycled concrete aggregate in 6y-ash concrete,| Construction and Building
Materials”, vol. 27, no. 1, pp. 439-449, 2011



https://doi.org/10.1016/J.%20JOBE.2019.101052
https://doi.org/10.1016/j.conbuildmat.2018.12.178

