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ABSTRACT

An effort has been made to produce economical and environmentally friendly geopolymer
interlocking blocks by activating fly ash and ground granulated blast furnace slag (GGBS)
with sodium hydroxides and silicates. Scrap glass and crushed stone sand are blended to
produce fine aggregates. Seven mix ratios of crushed stone sand and scrap glass were used:
S0=100%:0% S1= 90%: 10%, S,=80%: 20%, S3= 70%: 30% Ss= 60%: 40% Ss=50%: 50%
S6:=60%:40. Eighty-four interlocking blocks 230 mm x 200 mm x 110 mm in size were
cast to be preserved at ambient temperature for 28 days. The density, strength in
compression, and water absorption of the interlocking blocks were then evaluated. Three
layers of interconnecting blocks were used to produce prisms that measured 600 mm long,
375 mm high, and 200 mm wide. Blocks and prisms provided with 70% crushed stone sand
and 30% scrap glass had the optimal characteristics.
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1. INTRODUCTION

Time and material consumption are inescapable during the entire construction of any project.
The usage of mortar to bond blocks in each layer and between neighbouring layers is avoided
by enhancing the quality of construction and the assortment of developments of traditional
blocks in order for them to be joined to the nearby blocks with a shear key and locking
mechanism.

Interlocking blocks with appropriate self-locking technologies can be found in an extensive
range of dimensions and forms on the market. Sand and stone dust were employed for
producing interlocking blocks in the past, and Ordinary Portland Cement (OPC) was the
predominant binding ingredient. (1-3). There is an increasing urge to substitute natural river
sand with other types of trash that offer analogous mechanical and physical characteristics as
an outcome of the price increase and the depletion of natural river sand sources. Waste glass
is one of these materials, and the viability for use in mortar and concrete has been
investigated by numerous researchers. Glass waste with a concentration of less than 30% may
be used as a practice while creating concrete by adding the right proportion of admixture to
achieve the required workability and air content (4-5).

The ideal proportion for consumption as aggregates in concrete is 50% of glass elements.
Scrap glass can also be exploited to substitute cement by about 20% without conceding its
strength characteristics, and it can also be employed to substitute fine aggregates by up to
20% because blends comprising 20% scrap glass aggregate possess durability potentials
comparable to those of traditional blends (6-8).

While the strength characteristics were good up to a certain extent and subsequently the
workability declined when paired with fragmented glass as aggregates, another investigation
also confirmed that scrap glass residue could replace cement up to 20%. Given its enhanced
workability and greater durability, 10% is the ideal substitute rate for both cement and
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aggregates. Cement mortar can be produced by blending scrap glass and clay brick powder
with cement at an ideal 15% (9). It is possible to create geopolymer mortar with a potential in
compression that varies from 40 MPa to 50 MPa by partially substituting fly ash and perlite
for scrap glass fine aggregate (10-12).

Conversely, the production of cement releases greenhouse gases into the atmosphere, posing
serious environmental risks and playing a major role in global warming. So, the researchers
are exploring more sustainable and environmentally friendly alternatives to OPC. It was
investigated whether industrial trash and byproducts might be advantageously applied as
cement substitutes. The effects of GGBS, fly ash, micro silica, and other pozzolanic
constituents on the durability characteristics and long-term characteristics of mortar and
composites were partially studied in conjunction with OPC. It emerged that each of these
elements has benefits as well as disadvantages when incorporated into cement. Additionally,
it emerged that the previously mentioned components performed optimally when applied in
little amounts. The two main issues facing the housing sector are cutting down on
construction time and exploiting fly ash as a raw material for interlocking blocks. (18-20) To
address the aforementioned challenges, numerous developments are taking place worldwide.
Additionally, the ingredients mentioned above were found to be effective when applied in
small amounts. Despite its formidable resistance to the alkali-silica reaction, fly ash has a
detrimental influence on the interlocking blocks' durability characteristics (21).

Later, greater attention was paid to studying geopolymer technology, which substituted 100%
triggered fly ash for cement that needed to be heated to get the desired potential. To obtain
the ideal blends, numerous pozzolanic materials were evaluated in permutations and triggered
using catalysts, even in geopolymer technology. Even geopolymer interlocking blocks that
may be exploited for non-load-bearing structures were produced containing crumb rubber as
small fragments (22). In an attempt to reduce pollution and the sum of trash that is thrown in
landfills, interlocking blocks were generated from plastic bottles that contained polyethylene
terephthalate and polyurethane binder in a 60:40 ratio. These blocks were established to be
optimal for the construction of partition walls (23-26). While scrap glass powder incorporated
geocomposites are environmentally friendly options, they may open the door for future
alliances with the paving sector (27-29). As an alternative masonry option for a sustainable
structure, alkali-activated blocks tend to be advantageous considering that they can
incorporate an enormous quantity of trash and byproducts from industries. (24). When
compared to clay blocks, geocomposite blocks are said to have advantages such as being
more affordable and energy-efficient (30-32). By combining recycled asphalt aggregates with
a geopolymer matrix, paver blocks with the appropriate characteristics could be developed,
managing excess waste and facilitating paving industrial sector decision-makers to develop
an environmentally acceptable use of reclaimed asphalt surfaces (33-35). The structural
strength and physical characteristics of the geocomposite block can be enhanced by the
feasibility of recycling and recovering scrap block in the manufacture of a novel
geocomposite block by activating it with activator solutions and industrial waste slag in it
(33). As they demonstrate characteristics within the ranges appropriate for construction, fly
ash could be partially substituted with leftovers such as scrap glass and dark mud for the
production of geocomposite. Compared to scrap glass, the incorporation of red mud leads to
enhanced flexural durability and fracture resilience characteristics (37-39). In contrast to
regular clay bricks, geopolymer blocks composed of ceramic waste containing calcium and
sodium hydroxide, calcium carbonate, and bentonite clay are approximately 33% more
affordable (40-42). It was established that characteristics of interlocking blocks and prisms
produced by exploiting fly ash, GGBS, crushed stone sand, and scrap glass have not been
investigated, despite the fact that an abundance of research has been done on these elements
utilizing various cement substitutes and fine aggregates. Therefore, this investigation attempts

https://lagranja.tel/ Volume 8-Issue 12 Page 32.



Granja Journal ISSN: 1390-8596

to determine the mechanical characteristics of prisms formed through the fashioned
interconnecting blocks.

2. MATERIALS AND METHODS

2.1. Materials

Fly ash in compliance with IS 3812-200(13) and GGBS in compliance with BS 6699:1992
(14) are the binders exploited for the interlocking blocks. The chemicals used for activating
the aforementioned binders are 0.4 times the amount of the binder and are composed of a
mixture of sodium (8M) hydroxides and silicates. The combination of sodium hydroxides to
silicates is 2.5:1. Crushed stone aggregate and scrap glass are blended using various
proportions to produce aggregates having the largest dimensions of 4.75 mm and chips that
measure 4 mm in size. Both crushed stone sand and scrap glass possess fineness moduli of
3.10 and 3.36, confined within zone 1 of IS 383-1970 (16), according to the grain size
analysis experiment performed in compliance with IS 2386 — Part 1 1963 (15). For scrap
glass, the specific gravity and compacted bulk density are 2.08 and 1650 kg/m?, respectively,
whereas for crushed stone sand, their numbers are 2.38 and 1720 kg/m®. It has been
determined that the aggregates crushing and impact metrics for tiny shapes are 27% and
17%, respectively.(43-45) 1452 kg/m?® is the compacted density, whereas 0.91% represents
the water absorption. GGBS and fly ash possess specific gravity values of 2.88 and 2.16,
respectively. Through trial and error, the amount of water demanded to accomplish the ideal
consistency of moulding interlocked blocks was established to be 17.40%, which is the
additional amount needed. The components exploited are displayed in Figures 1a through 1h.

2.2 Ratios and combination designs

The density of concrete (2400 kg/ m®) was used to determine the material quantities. It is
predicted that the mix contains 20% binder and activator solutions (475 kg/m®) and 80%
aggregates (70% and 30% coarse and fine aggregate), which contain 1925 kg/ m®. Fly ash
contributes upto 80% of the binder, which consists of fly ash and GGBS. Seven mix ratios of
crushed stone sand and scrap glass were used: So, S1, S2, Sz S4, Ss, and Se (So=100%: O%,
S1= 90%: 10%, S»=80%: 20%, Sz= 70%: 30% Ss= 60%: 40% Ss=50%: 50% Ss =60%:40)
,The six mix ratios that had been taken into consideration when modifying the mix ratios of
scrap glass and crushed stone sand as fine aggregates. Taking into consideration their
specific gravities, the volumes of fine aggregates have been determined for various
proportions of crushed stone sand and scrap glass. [46,47) Table 1 lists the precise
proportions of elements that have been provided for the various combinations of scrap glass
and crushed stone sand as fine aggregates. Taking into account their specific gravities, the
volumes of fine aggregates were calculated for various proportions of crushed stone sand and
scrap glass. Table 1 summarizes the precise proportions of elements that have been provided
for the various combinations.

Fig. 1. (a) -Fly ash (b) -GGBS (c)- crushed stone (d) -stoneaggregate
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Fig.1. (e) - scrap glass (f) -processed Scarp glass (g )- NaOH (h)- NazSiOs
Table 1 Mix details ((kg/m®
Sampl | Fly GGBS | Stone Crushed | Scrap NaOH | Nazsio | Water
elD Ash Aggregat | Stone Glass 3
e Sand
So 273.53 | 69.82 | 1345.25 567.65 0 40.43 99.2 61.24
St 273.53 | 69.82 | 1345.25 511.01 50.69 | 40.43 99.2 61.24
Sz 273.53 | 69.82 | 1345.25 454.37 100.13 | 40.43 99.2 61.24
Ss 273.53 | 69.82 | 1345.25 397.73 149.57 | 40.43 99.2 61.24
S4 273.53 | 69.82 | 1345.25 341.09 199.01 | 40.43 99.2 61.24
Ss 273.53 | 69.82 | 1345.25 284.45 248.45 | 40.43 99.2 61.24
Se 273.53 | 69.82 | 1345.25 227.81 297.89 | 40.43 99.2 61.24

2.3 Preparation and Testing of Blocks and Prisms

One day prior to brick moulding, an 8 molar concentration of NaOH solution was made and
blended with 2.5 times as much Nazsioz solution. First, a mixer was put to work to add and
thoroughly mix all of the dry powder and aggregate ingredients. The dry ingredients are then
combined with water and alkaline liquid. After that, the combination of ingredients was put
into the die section for manufacture in the hydraulically propelled interlocking block-
manufacture technique. Interlocking blocks were stored in the shed at ambient temperature
for 28 days to cure once the specimen was taken out of the die. Figures 2a and 2b,
respectively, illustrate the block after casting and the block applied during casting.

Fig. 2. (a). Mould (b) Castlng of block

A total of 84 blocks were cast, 12 for each proportion, of which 3 were examined for
compression evaluation, 3 examined a water absorption evaluation, and 6 were employed for
constructing the interconnecting wall prisms, which were examined for compression
evaluation. Figure 3 displays the blocks that were prepared for the experiment. Prior to the
compression assessment, the blocks' weight was used to evaluate their density. Additionally,
the moisture absorption of the oven-dried sample following a 24-hour soaking in water was
calculated and expressed as a percentage of its dry mass in Figure 4. Because of the imposed
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crushing load in the compression evaluation equipment, the interlocking blocks underwent a
compression evaluation.

Fig. 3. Interlocking blocks

£ RN w—)
Fig. 4. Water absorption assessment
Prism compression tests were conducted in addition to evaluation on blocks. The interlocking
block prism measures 600 mm in length, 375 mm in height, and 200 mm in width. As seen in
Figure 5, the three interlocking prism layers were built without mortar and examined using
universal testing equipment with a system interface. To fairly distribute the stress on the
prism, a steel plate was positioned at the top surface. Until the prism failed, the load was
being transmitted gradually at a rate of 2.5 kN/sec. The prisms' maximum displacement,
ultimate load, and breaking load were recorded.

e

!.

Fig.5. Prism testing
3. RESULTS AND DISCUSSION

3.1 Density

Densities were computed by dividing the masses of blocks by their volumes after they were
weighed. Three blocks were weighed for each mix ratio, and the weights of each block were
noted. Figure 6 displays the average densities, which vary from 1914 kg/ m® to 2042 kg/m?.
Block made entirely of crushed stone sand has a density of 1952 kg/ m®. The average density
values decline when 10% and 20% of the crushed stone sand is substituted with scrap glass.
However, when compared to So samples, the specimens' density increases when the waste
glass percentage surpasses 20%. Sz blocks with 70% crushed stone aggregate and 30% scrap
glass as fine aggregates have the highest density. The density differences between the Sa Ss
and Se samples are not very noticeable. According to Indian standards for a grade C solid
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block must have a density of at least 1800 kg/m?® in order to be implemented in a load-bearing
construction. Fly ash, GGBS, crushed stone sand, and scrap glass were exploited to make
geopolymer blocks, which satisfied the density-related specifications to be used as load-
carrying devices.

0 500 1000 1500 2000 2500
Mean Density in Kg/m*
Fig. 6. Average densities

3.2 Compressive characteristics evaluation

Figure 7 provides the mean results of the evaluation in compression for each specimen that
was analyzed. Three blocks have been examined for each mix fraction, and the final load was
noted. It was evident from the experimental findings that the So samples had an average
evaluation of characteristics in compression of 2.15 N/mm?, while the S, mix had the weakest
average characteristics of all the mixes, 1.97 N/mm?. Furthermore, out of all the mixes, S; is
the only one with a lower characteristic in compression than So. At 28 days, the Ss ratio
exhibits its optimum compressive strength, measuring 3.55 N/mm?. The characteristics in the
compression of S4 mix, which contains 60% crushed stone sand and 40% scrap glass, are
almost identical to those of Ss. Similarly, the intensities of So and Si1 mixes are nearly
identical. In accordance with IS 2185:2005 (Part 1)(17), the evaluation of characteristics in
compression of a grade C solid load-bearing element must not be less than 3.2 N/mm? for
individual units, and it should be at least 4 MPa for grade C . Two blocks met the grade C
standards for the S mix. Likewise, all blocks produced with Sz and S4 mixes having crushed
stone sand and a 30% scrap glass ratio(70% : 30%, 60% : 40%), respectively, have an
evaluation of characteristics in compression greater than 3.2 N/mm?, making them grade C
standard blocks. The compressive characteristics an evaluation of Indian standards was not
met by any of the other combinations. To get around this weakness, mixes could be
manufactured by raising the molarity of the NaOH solution and the proportion of GGBS. The
strength data also demonstrated that all other mixes, with the exception of S, had higher
characteristics in compression when compared to blocks made with the S1 mix. This strength
decline in S is also caused by one of the blocks' lower characteristics of strength values,
which has decreased the mix's average characteristics in compression.

3.03
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;: Ih Il w- ' |
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Fig. 7. Mean compression evaluation outcomes
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3.3 Water Absorption

Figure 8 demonstrates the mean absorption of water values evaluated against the initial
weights and the weights following soaking. According to IS 2185:2005 (Part 1), the
mean absorption of water of three units cannot exceed 10% by weight. The average arise for
So specimens is 10.58%, which is marginally greater than the Indian standard's maximum
limit. The absorption for each subsequent specimen is less than 10%. The Sz mix has the least
absorption, preceded by the S4 combination. Because the blocks meet the guidelines of IS
2185:2005 (Part 1), they can therefore be used. The findings are encouraging because the
interlocking blocks made in the present investigation with 80% fly ash absorb less water than
those made with fly ash, which has been demonstrated to have a detrimental effect on water
absorption in earlier research. The mix is dense and the samples have few fissures or pores
when the Sz absorbs the least amount of water.

7.46 7.65 7.34 7.52
| I | 1 I I
Sl S2 S3 S4 SS Sé6

Sample ID

10.58

Yo ol wader absorption

SO

Fig. 8. Mean absorption of water

3.4 Performance of Prisms

While So, Si, Sz and Saprisms exhibit significant deflection before attaining their optimal
compressive strength, Sz, Ss and Se prisms have not undergone significant deformation prior
to reaching the maximum load. A compression characteristic investigation was performed on
the wall prisms until they failed. For every prism, the highest possible and breaking loads,
optimum deformations, and displacement under maximum load are noted, as shown in Table
2. In the early loading phases, the masonry prism's load-deflection relationships exhibit a
linear trend. The prisms demonstrate inelastic behaviour once fragmenting has begun. After
the peak stress, there is a very abrupt drop in strength and a minor increase in deformation in
all prisms. While So, S1, Sz and Ss4 prisms exhibit significant deformation prior to attaining
their ultimate strength in compression , Sz, Ss and Se prisms have not undergone significant
deformation before reaching the ultimate load.

Table 2: Load and deflection values

Sample | Linear | Ultimate | Compressive | Ultimate load | Cracking | Maximum
ID force in | load in strength in displacement | load in displacement
kN KN MPa in mm kN in mm

So 95.58 150.90 1.33 8.38 128.30 9.72

St 80.67 113.60 1.02 7.228 59.60 7.647

S 92.21 136.80 1.21 2.305 113.40 2.654

S3 209.92 261.40 2.25 5.552 227.40 6.809

S4 139.83 184.10 1.6 7.507 159.80 8.258

Ss 153.53 183.40 1.6 3.701 162.90 3.771

Se 133.10 170.80 1.49 2.165 90.50 3.369

https://lagranja.tel/ Volume 8-Issue 12 Page 37.




Granja Journal ISSN: 1390-8596

B COMPRESSIVE STRENGTH IN MPA
—m— ULTIMATE LOAD DISPLACEMENT IN MM|

4 2.5 4 —m— CRACKING LOAD IN KN — 250
m MAXIMUM DISPLACEMENT IN MM
8 - m L 10
| - L 200 |
20 - '\‘I ’/
v -8
6 - =
- 150 |
15 A= -6
4 N
om T - 100 |
A - a
7L
1.0 o =
2 \ L 50
L
T T T L2
50 100 150 200

LINEAR FORCE IN KN

Fig. 9: Load Vs Displacement

As demonstrated in Figure 9, graphs are used to display the displacement patterns with
loads.The capacity of the So prism is 150.90 kN. With a load of 261.40 kN, the Sz prism with
30% scarp glass has its optimum load- carrying capacity. The next maximum load carrying
capability of the S4 prism is followed by that of the Ss and Se prisms. The S; prism, which has
90% crushed stone sand and 10% scarp glass, has the lowest load of 113.60 kN. The S»
prism, which has 80% crushed stone sand and 20% scarp glass, has the next lower number,
136.80 kN. The Sz prism has a maximum compressive stress of 2.25 MPa. The highest
compressive characteristic stress for the prism So samples was 1.33 MPa, whereas the
optimal stresses for the Sy and S, prisms remained 1.02 MPa and 1.21 MPa, correspondingly.
The compressive characteristic stresses are greater than So in every other prism.

S5

O 22>
313
b e P

Sample 1D

Energy Absorption in KNmm
Fig. 10. Energy absorption in KNmm

As shown in Figure 10, the area bounded was computed to determine the prisms' toughness or
energy-absorbing capability. Sshas the most energy-absorbing capability of any prism
evaluated whereas Sp, which is made entirely of crushed stone sand, has the next-highest
toughness.There is relatively minimal variation in the energy absorbing capacity of S4 and So.

The Sz prism, which has the least toughness level at 237 kN.mm, is composed of 20% scarp
glass and 80% crushed stone sand.
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4. CONCLUSIONS

A summary of the experimental program's results is provided here: For usage as load-bearing
units, geopolymer blocks composed of fly ash, GGBS, crushed stone sand, and scarp glass
meet IS 2185:2005 (Part 1) density standards. Maximum compressive strength and minimal
water absorption were demonstrated by interlocking blocks made of 70% crushed stone sand
and 30% scrap glass. According to IS 2185:2005 (Part I)'s standards for compressive
strength, blocks built using S3 and S4 mixes—70% crushed stone sand and 30% scrap glass
and 60% crushed stone sand and 40% scrap glass, correspondingly, with characteristic
strength in compression greater than 3.2 MPa—place them in Grade C (4.0).

REFERENCES

(1)Afzal, O., Abbas, S., Abbass, W., et al. (2020) “Characterization of sustainable interlocking burnt clay brick
wall panels: an alternative to conventional bricks”, Building Materials, v. 231, pp. 117190, doi:
https://doi.org/10.1016/j.conbuildmat.2019.117190.

(2)Alaloul, W. S., John, V. O., and Musarat M. A. (2020) Mechanical and Thermal Properties of Interlocking
Bricks Utilizing Wasted Polyethylene Terephthalate. International Journal of Concrete Structures and
Materials. 14: 24.Doi: https://doi.org/10.1186/s40069-020-00399-9.

(3)Ali, M., Gultom, R.J., Chouw, N.,(2012) “Capacity of innovative interlocking blocks under monotonic
loading”, Construction & Building Materials, v. 37, pp. 812-821, 2012. doi: http://doi.org/10.1016/j.
conbuildmat.08.002.

[4]Al-Fakih, Amin & Mohammed, et al. (2018). Development of Interlocking Masonry Bricks and its’
Structural Behaviour: A Review Paper. IOP Conference Series: Earth and Environmental Science. 140.
012127.Doi: 10.1088/1755-1315/140/1/012127.

[5]Al-Fakih, A., Mohammed, B.S., Wahab, M.M.A., et al.,(2020) “Flexural behavior of rubberized concrete
interlocking masonry walls under out-of-plane load”, Construction & Building Materials, v. 263,pp. 120661.
doi: http://doi.org/ 10.1016/ j. conbuildmat .2020.120661

[6]Amin, S. K., EI-Sherbiny, S. A., et al. (2017). Fabrication of Geopolymer Bricks using Ceramic Dust Waste.
Construction and Building Materials. 157: 610-620.Doi: 10.1016/j.conbuildmat.2017.09.052.

[7]Awoyera, P.A., Olalusi, O.B., Ibia, S., et al.,(2021) “Water absorption, strength and micro scale properties of
interlocking concrete blocks made with plastic fibre and ceramic aggregates”, Case Studies in Construction
Materials, v. 15, pp. 00677, 2021. doi: https://doi.org/10.1016/j.cscm.2021.e00677

[8]Dabiri, H., Sharbatdar, M. K., et al. (2018). The Influence of Replacing Sand with Waste Glass Particle on
the Physical and Mechanical Parameters of Concrete. Civil Engineering Journal. 4(7): 1646-1652.Doi:
10.28991/cej-03091101.

[9]Edward Harrison, Aydin Berenjian et al. (2020). Recycling of Waste Glass as Aggregate in Cement- based
Materials. Environmental Science and Ecotechnology. 4(100064): 1-8.Doi:
https://doi.org/10.1016/j.ese.2020.100064.

[10]Euphrosino, C.A., Jacintho, A.E.P.G.A., Pimentel, L.L., et al.(2022), “Soil-cement brick used in Social
Housing (HIS) in housing cooperative construction — A case study in a community brick making”, Revista
Matéria (Rio de Janeiro), v. 27, n. 1, pp. €20147087, 2022. https://doi.org/10.1590/1517-7076- RMAT-2021-
47087

[11]Garcia-Ramonda, L., Pela, L., Roca, P., et al.,(2021) “Cyclic shear-compression testing of brick masonry
walls repaired and retrofitted with basalt textile reinforced mortar”, Composite Structures. 283, pp. 115068,
2022. https:// doi.org/ 10.1016 /j. compstruct .2021 .115068

[12]Hindavi R. Gavali, Ana Bras, et al. (2015). Development of sustainable alkali- activated bricks using
industrial wastes. Construction and Building Materials. 215: 180-191.Doi:
https://doi.org/10.1016/j.conbuildmat.2019.04.152.

[13]1S 3812. 2003. Specification for Fly Ash for Use as Pozzolana and Admixture, Bureau of Indian Standards
(BIS). New Delhi, India.

[14]BS 6699. 1992. Specification for Ground Granulated Blast Furnace Slag for Use with Portland cement.
British Standards Institution: United Kingdom.

[15]1S 2386 (Part 1V -1963). Method of Test for Aggregates for Concrete -Mechanical Properties. Bureau of
Indian Standards (BIS): New Delhi, India.

[16]1S 383. 2016. Specifications for Coarse and Fine Aggregate from natural sources for concrete. Bureau of
Indian Standards (BIS): New Delhi, India.

[17]1S 2185. 2005. Concrete Masonry Units — Specification, Hollow and Solid Concrete Blocks. Bureau of
Indian Standards (BIS): New Delhi, India.

https://lagranja.tel/ Volume 8-Issue 12 Page 39.


http://doi.org/

Granja Journal ISSN: 1390-8596

[18]Jaafar, Mohd & Thanoon, et al. (2006). Strength Correlation between Individual Block, Prism and Basic
Wall Panel for load Bearing

[19]Liu, B., Xu, X.,(2023) “Study on impact resistance of bionic interlocking brick-mud structures”, Composite
Structures, v. 318, pp. 117103, 2023. doi: https:// doi.org/ 10.1016/ j.compstruct.2023.117103.
[20]Manjunath,B.,Di Mare,M.,Ouellet-Plamondon, M.M.,et al.(2023) “Exploring the potential use of
incinerated biomedical waste ash as an ecofriendly solution in concrete composites: a review”, Construction &
Building Materials, v. 387, pp. 131595, 2023. doi: https://doi.org/10.1016/j. conbuildmat.2023.131595.
[21]Mohammed, B.S., Al-Fakih, A., Liew, M.S.,(2021) “Characteristics of interlocking concrete bricks
incorporated crumb rubber and fly ash”, In ICCOEE2020: Proceedings of the 6th International Conference on
Civil, Offshore and Environmental Engineering (ICCOEE2020), pp. 631-639, Singapore, 2021. doi:
http://doi.org/10.1007/978-981-33-6311-3_72.

[22]Mohammed, B. S., Liew, M. S, et al., (2018). Development of Rubberized Geopolymer Interlocking
Bricks. Case Studies in Construction Materials. 8: 401-408.Doi: 10.1016/j.cscm.2018.03.007.

[23]Nabil Hossiney, Hima Kiran Sepuri, et al. (2020). Geopolymer Concrete Paving Blocks Made with
Recycled Asphalt Pavement (RAP) Aggregates Towards Sustainable Urban Mobility Development. Cogent
Engineering. 7: Doi: 10.1080/23311916.2020.1824572.

[24]Nguyen, M.H., Huynh, T.-P., (2022)“Turning incinerator waste fly ash into interlocking concrete bricks for
sustainable development”, Construction & Building Materials, v. 321, pp. 126385, 2022. doi: http://doi.
0rg/10.1016/j.conbuildmat.2022.126385.

[25]Kejkarrupali B And Wanjariswapnil P. (2021). Sustainable Production of Commercially Viable Alkali-
activated Bricks, Proceedings of the Institution of Civil Engineers - Engineering Sustainability. 174(3): 109-
119.Doi: https://doi.org/10.1680/jensu.20.00001.

[26]Krishnaraj, L., Niranjan, R., Kumar, G.P., et al.,(2021) “Numerical and experimental investigation on
mechanical and thermal behaviour of brick masonry: an efficient consumption of ultrafine flyash”, Construction
and Building Materials, v. 253, pp. 119232, 2021. https://doi.org/10.1016/j. conbuildmat.2020.119232.
[27]Olofinnade, O., Morawo, A., Okedairo, O., et al.,(2021) “Solid waste management in developing countries:
reusing of steel slag aggregate in eco-friendly interlocking concrete paving blocks production”, Construction
Materials, v. 14, pp. 00532, 2021. doi: https://doi.org/10.1016/j.cscm.2021.e00532

[28]OLOFINNADE, OLUWAROTIMI et al.,(2020). Novel Mortar Containing Waste Glass and Clay Brick
Powder for Sustainable Construction. Proceedings of International Structural Engineering and Construction. 7.
Doi: 10.14455/ISEC.res.2020.7 (1).SUS-10.

[29]Panuwat, J., Ali, N., Yooprasertchai, E., et al., “An investigate study for the prediction of compressive
strength of cement-clay interlocking (CCI) hollow brick masonry walls”, Case Studies in Construction
Materials, v. 16, pp. €01001, 2022. doi: https://doi.org/10.1016/j.cscm.2022.e01001.

[30]Photisan, Methawee Sriwattanapong; et al. 2022. Strength Development of Fly Ash-Perlite Based
Geopolymer Mortar Using Recycled Waste Glass as Fine Aggregate. Naresuan University Journal: Science and
Technology (NUJST). 31(1): 1-9, Doi: https://doi.org/10.14456/nujst.2023.1.

[31]Rajendran Selvapriya , Rajasekaran Thanigaivelan “Development of interlocking flyash brick machine and
study of brick” revista Matéria, v.29, n.3, 2024doi: https://doi.org/10.1590/1517-7076-rmat-2023-0350
[32]Seung Bum Park, Bong Chun Lee et al. 2004. Studies on Mechanical Properties of Concrete Containing
Waste Glass Aggregate. Cement and Concrete Research. 34(12): 2181-2189.Doi:
https://doi.org/10.1016/j.cemconres.2004.02.006.

[33]SENAPATI, M.R., “Fly ash from thermal power plants—waste management and overview”, Current
Science, v. 100, n. 12, pp. 1791-1794, 2011.

[34]Singh, K., Meena, R.S., Kumar, S., et al., “India’s renewable energy research and policies to phase down
coal: success after Paris agreement and possibilities post-Glasgow Climate Pact”, Biomass and Bioenergy, v.
177, pp. 106944, 2023. doi: http://doi.org/10.1016/j.biombioe.2023.106944

[35]Sharma, Y.C., Singh, S.N., Gode, F., “Fly ash for the removal of Mn (Il) from aqueous solutions and
wastewaters”, Chemical Engineering Journal, v. 132, n. 1-3, pp. 319-323, 2007. doi: http://
doi.org/10.1016/j.cej.2007.01.018.

[36]Shi, T., Zhang, X., Hao, H., et al., “Experimental and numerical investigation on the compressive properties
of interlocking blocks”, Engineering Structures, v. 228, pp. 111561, 2021. doi: https:/doi.
org/10.1016/j.engstruct.2020.111561.

[37]Sturm, T., Ramos, L.F., Lourenco, P.B., “Characterization of dry-stack interlocking compressed earth
blocks”, Material Structure, v. 48, pp. 3059-3074, 2015. doi: http://doi.org/10.1617/s11527-014- 0379-3.
[38]TINGWEI, S., ZHANG, X., HAO, L H., et al., “Experimental and numerical studies of the shear resistance
capacities of interlocking blocks”, Journal of Building Engineering, v. 44, pp. 103230, 2021. doi:
https://doi.org/10.1016/j.jobe.2021.103230

https://lagranja.tel/ Volume 8-Issue 12 Page 40.



Granja Journal ISSN: 1390-8596

[39]Tayfun Uygunoglu, Ilker Bekir Topcu, et al. (2012). The Effect of Fly Ash Content and Types of
Aggregates on the Properties of Pre-fabricated Concrete Interlocking Bricks (PCIBS). Construction and
Building Materials. 30: 180-187.Doi: 10.1016/j.conbuildmat.2011.12.020.

[40]Toniolo, Nicoletta & Taveri, et al. 2017. Fly-Ash-Based Geopolymers: How the Addition of Recycled
Glass or Red Mud Waste Influences the Structural and Mechanical Properties. Journal of Ceramic Science and
Technology. 8: 411-419.Doi: 10.4416/JCST2017-00053

[41]Vijayan, D.S., Mohan, A., Revathy, J., et al., “Evaluation of the impact of thermal performance on various
building and blocks: a review”, Engineering Technology & Innovation, v. 23, pp. 101577, 2021. doi:
https://doi.org/10.1016/j.ti.2021.101577

[42]Wang, G., Li, Y., Zheng, N., et al., “Testing and modelling the in-plane seismic response of clay brick
masonry walls with boundary columns made of precast concrete interlocking blocks”, Engineering Structures, v.
131, pp. 513-529, 2017. doi: http://doi.org/10.1016/j.engstruct.2016.10.035.

[43]Xiao, R., Polaczyk, P., et al. 2020. Evaluation of Glass Powder- Based Geopolymer Stabilized Road Bases
Containing Recycled Waste Glass Aggregate. Transportation Research Record. 2674(1): 22-32.Doi:
https://doi.org/10.1177/0361198119898695

[44]Xie, G., Zhamg, X., Hao, H., et al., “Behaviour of reinforced mortarless interlocking brick wall under cyclic
loading”, Engineering  Structures, v. 283, pp. 115890, 2023. doi: https://doi.org/10.1016/
j-engstruct.2023.115890.

[45]Xie, G., Zhang, X., Hao, H., et al., “Response of reinforced mortar-less interlocking brick wall under
seismic loading”, Bulletin of Earthquake Engineering, v. 20, n. 11, pp. 6129-6165, 2022. doi: http://doi.
0rg/10.1007/s10518-022-01436-6.

[46]Youssef, N., Rabenantoandro, A. Z.,Dakhli Z. (2019). Reuse of Waste Bricks: A New Generation of
Geopolymer Bricks. SN Applied Sciences. 1: 1252.Doi: https://doi.org/10.1007/s42452-019-1209

[47]Zeybek, Ozer, Yasin Onuralp Ozkilic, et al. (2022). Influence of Replacing Cement with Waste Glass on
Mechanical Properties of Concrete. Materials. 15(21): 7513.Doi: https://doi.org/10.3390/mal15217513.

https://lagranja.tel/ Volume 8-Issue 12 Page 41.



