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Valorisation of solid wastes in the manufacture of soil based building materials is one of the several technically feasible and costeffective solutions for waste management. Sugarcane bagasse ash is one such solid waste generated in huge quantities in India, a
leading sugar producer. This paper aims at reviewing the valorisation of sugarcane bagasse ash in the manufacture of stabilized as
well as sintered earth blocks. Sugarcane bagasse ash is a silica rich material that can play the role of an effective pozzolan leading
to enhanced pozzolanic reactions resulting in better performing building materials. The reviewed literature reveals that it has been
utilized in the manufacture of blocks as well as tiles in the form of an auxiliary additive as well as a primary stabilizer. However,
its utilization in stabilized blocks has been more common compared to sintered blocks due to higher energy consumption in the
latter. To summarize, sugarcane bagasse ash not only has improved performance in most of the cases but also has reduced the cost
of the material, leading to the conclusion that its valorisation in manufacture of blocks and tiles is a genuine and highly productive
solution for waste management as well as cost economy.

1. Introduction
Compressed stabilized soil or earth blocks are unfired blocks
that are made of soil, stabilized with a binder, with or without
the addition of fibres and compressed to form the block.
The conventional fired bricks have been the mainstay of construction activities over the past several decades. However, in
recent times, due to shortage of raw materials, rising material,
and labour costs, the construction industry has started to look
for other cost-effective alternatives. Traditional soil based
constructions like soil blocks, rammed earth, and stabilized
earth have again started to gain popularity due to their costeffectiveness being the primary reason. The energy spent in
firing of traditional bricks is close to ten times higher than
typical cement stabilized soil blocks [1]. Traditional compressed soil blocks are cost-effective, fire-resistant, and easy to
use, consume less energy for manufacture, and perform well
in various climatic conditions with easy availability of raw
materials. However, they do not perform well in the durability
front and still do not have widespread acceptance [2]. With

the increasing popularity of the stabilized blocks, a lot of
researchers have started concentrating on the beneficial use of
solid wastes as raw materials in the manufacture of soil blocks.
Solid wastes have become a sought-after resource for manufacture of construction materials due to their easy availability
in sufficient quantities at cheap cost while also providing
an avenue for their reuse and management. Soil engineering, especially soil stabilization, has become an avenue for
management of solid wastes with lots of researchers involved
in identifying the potential applications of various solid
wastes [3, 4]. A lot of researchers have particularly started
concentrating on the use of solid wastes in manufacture of
bricks and blocks [5–10]. The utilization of solid wastes has
been done either as a standalone stabilizer for the soil block
or in the form of secondary additives to primary stabilizers
like cement or lime. Sugarcane bagasse ash is one such solid
waste that is produced from the sugar industry. It is produced
due to the burning of bagasse remains after extraction of
cane juice. Bagasse is used as fuel in cogeneration boilers
for steam generation used in manufacture of sugar as well as
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generation of electricity. It is usually burnt around 500∘ C in
controlled conditions for achieving maximum calorific value
[11]. Bagasse ash produced during the burning of sugarcane
bagasse ash comes from two sources. One is the bottom ash
that settles at the bottom of the boilers collected directly,
whereas the second is the fly ash which is obtained from the
washing of the chimney gases [12, 13]. The ashes have both
organic (charcoal and bagasse debris) and inorganic (silica)
constituents. However, fly ashes have more charcoal when
compared to bottom ashes [13]. In some plants, the makeup of
the collection system results in a mixture of both bottom and
fly ashes [12]. The organic fractions can be used for manufacture of adsorbents [14] and fuel briquettes [13], whereas the
inorganic fractions can be used for manufacture of ceramics
[15–17] and bricks [18]. Bagasse ash has gained economic
importance in recent times due to discovery of several other
potential areas of applications including ash filters [19],
concrete [12, 20], and soil engineering applications like soil
stabilization [21–23] and stabilized soil blocks. However, the
authors have only concentrated on the application of bagasse
ash in the manufacture of stabilized/sintered soil blocks and
tiles. Though sintering consumes more energy compared to
stabilized soil block manufacture, it has been included to
give an alternate perspective of bagasse ash utilization. The
quantity and quality of the ash produced during burning
depend on the material burnt and the technology used [13].
Effective and complete combustion of the material will lead
to reduced quantum of impurities, unburnt and partially
burnt organic matter. The source material will influence
the type and quantum of minerals present in bagasse of
the cane resulting in variations in composition of the ash
after combustion. The particle size of a material can play an
important role in its cementitious nature [24]. Pretreatment
of the ash like sieving through fine mesh sieves or milling it to
finer size in a ball mill will result in smaller particle sizes and,
hence, improved reactivity. Thus, the effectiveness of the ash
as a pozzolan in stabilized blocks will depend on the presence
of impurities in the ash, the quantum of impurities if present,
the nature of silica in the ash, whether it is crystalline or
amorphous, and whether the ash has been modified/treated
to improve its reactivity. Thus, this review aims at giving an
overview on the characterization and valorisation of bagasse
ash in the manufacture of stabilized/sintered soil blocks/tiles
with a focus on the aforementioned factors.

2. Sugarcane Bagasse Ash
Sugarcane bagasse ash is a solid waste generated from the
sugar manufacturing industry. India produced 342.56 million
tonnes of sugarcane in the year 2011-12, making it one of the
world’s biggest cane producers [25]. The sugar manufacturing
process generates sugarcane trash, bagasse, bagasse fly ash,
press mud, and spent wash [14, 26, 27]. The wastes that are
of economic importance are bagasse, molasses, and filter
press mud [27]. Bagasse is the fibrous residue remaining after
the extraction of the cane juice from sugarcane. Sugarcane
bagasse consists of approximately 50% of cellulose, 25% of
hemicellulose, and 25% of lignin [28]. In a lot of sugarcane
industries, the bagasse generated is usually used as fuel
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Table 1: Leaching of metals from bagasse ash (mg/L) [18].
Metal
Ag
As
Ba
Cd
Cr (total)
Hg
Pb

Bagasse ash
<0.013
0.0086
<0.41
<0.012
<0.01
0.0002
<0.03

Brazilian limits
5.0
1.0
70.0
0.5
5.0
0.1
1.0

while also reducing its volume for disposal. This residual
ash generated from burning or incineration is called bagasse
ash inclusive of both bottom and fly ashes. In most modern
plants, the bottom ash gets mixed with fly ash in the water
channel that comes from the gas washer [13]. This waste is
typically disposed of into pits and is also applied on land as
soil amendment in some areas [14].
The ecotoxicity of bagasse ash was evaluated by Faria
et al. [18] and it was recommended to consider sugarcane
bagasse ash as a nonhazardous waste material. However,
being nonhazardous does not necessarily mean it has no
impact on the environment. Teixeira and Lora [29] concluded
in their work that emission of nitrous oxide from bagasse
boilers assists the emission standards demanded in the
European community. Moreover, they noticed an increase in
nitrous oxide emissions with reduction in boiler load and fuel
consumption, thereby leading them to conclude that increase
in emissions is dependent on fuel mechanism. Table 1 shows
the leaching concentrations of metals from bagasse ash.
The chemical composition of bagasse ash reveals that
it is rich in silica, alumina, and iron oxide. The chemical
composition of bagasse ash reported by various researchers
has been compiled in Table 2. It can be seen that the major
component of the chemical composition of bagasse ash is
silica. Alumina and iron oxide, though significantly lesser
when compared to silica, together make up a major portion
of bagasse ash composition, which contribute to pozzolanic
reactions. However, the pozzolanic activity of bagasse ash
depends on calcination temperature of the ash [30, 31].
According to Cordeiro et al. [30], 600∘ C for three hours
is the optimal calcination condition for achieving ash of
high pozzolanic activity. According to ASTM C618 [32], the
minimum requirement of silica, alumina, and iron oxide for
natural pozzolans is 70%. It can be seen that, in almost all
of the studies reported in Table 1, bagasse ash meets this
requirement. Another requirement for natural pozzolan is
that SO3 content should be less than 4%. This criterion is
also met by almost all the studies for which SO3 data has
been reported. However, Pourkhorshidi et al. [33] reported
that pozzolanic performance evaluated based on ASTM C618
showed disparities when compared to actual pozzolanic
performance.
Mineralogical analysis of bagasse ash has also been
carried out by several earlier researchers. The major mineral
present in bagasse ash is quartz [12, 17, 20, 34]. Bahurudeen
et al. [35] reported the presence of quartz and cristobalite.

Al2 O3
9.21
3.60
6.98
1.68
0.28
9.92
11.47
6.91
1.90∗
5.25
2.40
6.40
5.60
8.23
2.29
7.48
1.37
6.84
8.55
5.26
2.84
2.30
0.20
4.50
1.20
1.52
6.73
11.26
12.44
9.26
5.92
9.05
5.3
0.49
0.09
7.32
7.55
6.7

CaO
1.97
2.56
3.23
7.77
2.07
1.55
10.40
4.01
0.10
2.08
14.75
3.80
3.90
4.52
4.05
18.90
9.81
4.30
2.15
7.99
10.76
0.60
0.10
0.90
0.40
6.62
9.40
2.51
0.84
1.43
5.00
8.14
2.1
2.75
5.97
12.56
12.89
2.8

Fe2 O3
2.23
4.90
2.75
1.89
5.22
2.32
4.54
3.65
—
1.31
3.34
5.50
5.60
3.96
1.21
6.87
1.71
3.84
3.61
3.92
3.36
5.10
1.70
8.80
2.60
2.29
4.35
5.41
6.50
10.08
7.36
5.52
1.3
0.49
0.09
9.45
9.83
6.3

DNR: data not reported. ∗ Al2 O3 + Fe2 O3 ; ∗∗ K2 O + Na2 O. + Error values not reported.

Salim et al. [57]

Morales et al. [31]

Faria et al. [18]
Ganesan et al. [67]
Souza et al. [16]
Umamaheswaran and Batra [63]
Cordeiro et al. [30]

Frias et al. [66]

Bahurudeen and Santhanam [11]
Hariharan et al. [59]

Sales and Lima [12]

Sabat [23]
Manikandan and Moganraj [28]
Martirena Hernández et al. [41]
Tonnayopas [42]

Rodrı́guez-Dı́az et al.+ [40]

Sadeeq et al. [21]
Schettino and Holanda [39]

Torres Agredo et al. [38]

Author(s)
Julphunthong [34]
Amin [64]
Osinubi et al. [65]
Bahurudeen et al. [35]
James et al. [46]
Alavéz-Ramı́rez et al. [36]
Singh and Kumar [48]
Sua-Iam and Makul [20]
Lima et al. [45]
Teixeira et al. [17]
Madurwar et al. [37]

K2 O
5.06
0.47
8.72
9.28
3.75
2.10
3.56
1.99
0.30∗∗
3.46
DNR
2.70
5.00
2.41
1.33
7.29
14.00
DNR
DNR
3.47
1.77
1.30
0.30
1.80
0.80
9.59
2.65
3.45
0.90
3.19
6.22
1.35
3.5
1.73
9.02
3.22
3.41
2.4

MgO
DNR
0.69
0.11
1.98
0.91
1.44
0.85
1.10
<0.10
1.09
2.11
2.30
3.20
4.47
DNR
1.61
1.89
DNR
DNR
2.78
0.94
0.40
<0.10
0.60
0.30
1.87
2.42
1.28
0.48
0.92
1.17
2.85
1.1
3.26
8.65
2.04
2.10
3.2

MnO
0.16
DNR
DNR
DNR
0.04
0.14
DNR
DNR
DNR
0.08
DNR
DNR
DNR
DNR
0.08
0.23
0.43
DNR
DNR
DNR
0.23
DNR
DNR
DNR
DNR
DNR
DNR
DNR
DNR
DNR
0.10
DNR
0.1
DNR
0.48
DNR
DNR
DNR

Table 2: Chemical composition of bagasse ash.
Na2 O
—
0.15
DNR
0.02
0.01
1.23
1.05
0.33
—
—
DNR
1.20
0.90
DNR
DNR
0.33
0.23
DNR
0.12
0.84
DNR
0.10
—
<0.10
0.10
0.12
0.71
0.09
0.00
0.22
DNR
0.92
0.00
0.06
0.70
0.92
0.96
1.1

P2 O5
1.09
DNR
DNR
DNR
1.03
0.90
DNR
DNR
0.10
0.54
DNR
DNR
DNR
DNR
3.01
2.47
5.19
DNR
DNR
1.59
0.90
0.40
0.10
0.70
0.20
DNR
DNR
1.61
0.98
1.04
0.98
DNR
0.5
1.14
8.34
2.09
2.15
4.0

SiO2
79.26
87.40
41.17
72.95
35.17
51.66
64.34
65.26
96.20
85.58
59.50
72.80
61.30
57.95
85.55
50.40
63.20
67.74
78.34
72.74
38.31
88.20
96.20
62.70
93.50
75.67
69.81
69.40
55.97
66.61
61.59
64.15
85.5
65.03
60.96
58.61
59.35
73

TiO2
0.51
DNR
1.10
DNR
0.02
0.74
DNR
DNR
DNR
0.32
DNR
DNR
DNR
DNR
0.20
1.28
0.08
DNR
DNR
0.32
0.21
1.00
0.20
3.10
0.50
DNR
0.42
1.38
2.67
2.44
1.46
DNR
0.3
0.08
DNR
0.34
0.37
DNR

SO3
0.50
0.11
0.02
4.45
0.03
DNR
DNR
0.21
0.10
DNR
0.92
DNR
DNR
DNR
2.28
1.94
1.49
DNR
DNR
0.13
0.45
<0.10
0.10
0.20
<0.10
DNR
DNR
1.83
1.00
0.10
0.42
DNR
DNR
DNR
DNR
0.53
0.72
DNR

LOI
DNR
DNR
17.57
21
DNR
24.15
DNR
15.34
1.04
DNR
8.90
3.7
11.0
5.0
DNR
DNR
DNR
DNR
0.42
0.77
40.21
0.35
1.04
16.28
0.34
DNR
DNR
1.56
17.98
4.27
9.78
4.90
DNR
24.84
5.70
2.73
0.81
0.9
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Alavéz-Ramı́rez et al. [36] reported the presence of carbon
in addition to quartz and cristobalite. Madurwar et al. [37]
reported the presence of amorphous silica in bagasse ash.
Torres Agredo et al. [38] also reported the presence of
calcite and ferric oxide in addition to quartz and cristobalite.
Schettino and Holanda [39] reported presence of hematite,
mullite, calcium phosphate, and potassium carbonate along
with quartz and cristobalite. Rodrı́guez-Dı́az et al. [40]
and Martirena Hernández et al. [41] reported calcite along
with quartz and cristobalite. Tonnayopas [42] found quartz,
calcite, microcline, and feldspar as the major mineral components of bagasse ash. Thus, it can be seen that quartz, cristobalite, and calcite are the primary minerals present in bagasse
ash with other minor varying constituents. The components
of the ash can vary significantly based on the source and
makeup of the material being burned [13]. Table 3 compiles
the minerals identified in bagasse ash by various researchers.
Figure 1 shows the microstructure of bagasse ash reported
by different investigators. It can be seen that there are
instances wherein bulky crystalline particles have been
recorded, whereas others reveal well burnt flakes of bagasse
with small pores in the flakes of burnt bagasse fibre. Thus,
the microstructure of bagasse ash is in agreement with
existing literature that bagasse ash consists of both inorganic
crystalline fractions as well as pyrolysed organic fractions.

3. Bagasse Ash in Stabilized Blocks
Solid wastes in stabilized soil blocks involve their addition to
the stabilized soil matrix to achieve additional benefits in the
performance of stabilized soil blocks. Valorisation of waste in
this form results in combined benefits of both the primary
stabilizer and the solid waste additive. This section deals with
the utilization of solid wastes as additives to stabilized soil
matrix.
3.1. Bagasse Ash as Auxiliary Additive in Stabilized Soil Blocks.
Utilization of bagasse ash in the form of auxiliary additive
involves its use in combination with a well-known primary
soil stabilizer like cement or lime. This was found to be
the most common form of valorisation of bagasse ash in
stabilized soil blocks.
Greepala and Parichartpreecha [43] investigated the
potential of utilizing fly ash, rice husk ash, and bagasse
ash in the manufacture of lateritic soil-cement stabilized
interlocking blocks. The authors investigated the effect of
the solid wastes on the compressive strength and water
absorption of the blocks. Fly ash was used to replace class I
type Portland cement up to 80% by weight, while rice husk
ash and bagasse ash were used to replace the same up to 50%
by weight in increments of 10%. The blocks were then cured
for periods of 7 and 28 days. The results of the test indicated
that fly ash was the best replacement for cement by mass with
replacement up to 60% by weight. The strength and water
absorption of the fly ash replaced block met the standards for
hollow load bearing concrete masonry units.
Khobklang et al. [44] investigated the potential of bagasse
ash in the replacement of cement in lateritic soil-cement

Advances in Materials Science and Engineering
Table 3: Minerals present in bagasse ash.
Author(s)
Teixeira et al. [17]
Sales and Lima[12]
Sua-Iam and Makul [20]
Julphunthong [34]
Souza et al. [16]
Bahurudeen et al. [35]
Ganesan et al. [67]

Minerals identified in
bagasse ash

Quartz

Quartz, cristobalite

Alavéz-Ramı́rez et al. [36]

Quartz, cristobalite, carbon

Madurwar et al. [37]

Amorphous silica
Quartz, cristobalite, calcite,
ferric oxide
Quartz, cristobalite,
potassium carbonate,
calcium phosphate,
hematite, mullite

Torres Agredo et al. [38]

Schettino and Holanda [39]
Rodrı́guez-Dı́az et al. [40]
Martirena Hernández et al. [41]
Tonnayopas [42]
James and Pandian [47]
Aigbodion et al. [60]

Frias et al. [66]

Faria et al. [18]
Umamaheswaran and Batra [63]

Quartz, cristobalite, calcite
Quartz, calcite, microcline,
feldspar
Quartz, cristobalite,
calcium carbonate
Quartz, cliftonite,
moissanite, titanium
dioxide
Quartz, iron oxide,
graphite, mullite, kaolinite,
cristobalite, gibbsite
Quartz, cristobalite,
hematite, mullite, calcium
phosphate, potassium
carbonate
Quartz, calcite

interlocking blocks. Portland cement was replaced with
15%, 30%, and 40% bagasse ash and mixed with lateritic
soil, sand, and water for moulding the blocks followed by
curing for a period of 90 days. The test results revealed that
15% bagasse ash produced the highest compressive strength
when compared to the other replacement contents. It was
found that the addition of bagasse ash increased the water
absorption of the blocks. However, an increase in the water
to binder ratio was found to reduce water absorption.
Alavéz-Ramı́rez et al. [36] investigated the effect of
bagasse ash on the durability of lime stabilized soil blocks.
Blocks were prepared with 10% lime and combination of
10% lime with 10% sugarcane bagasse ash and cured for
7, 14, and 28 days of curing. The stabilized blocks were
then subjected to compression and flexure tests in both
dry and saturated states. The tests revealed that addition of
bagasse ash to lime stabilized blocks significantly improved
the performance of the stabilized blocks. Mineralogical and
microstructural investigations were also carried out which
revealed a considerable improvement in the stabilized soil
matrix due to the formation of CSH and CAH phases.
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Figure 1: Microstructure of sugarcane bagasse ash (source: (1) James and Pandian [47], (2) Aigbodion et al. [60], (3) Umamaheswaran and
Batra [63], (4, 5, 6, and 7) Sales and Lima [12], and (8) Faria et al. [18]).

Lima et al. [45] investigated the potential of modified
cement stabilized soil blocks amended with bagasse ash. Two
cement contents of 6% and 12% were adopted for making the
blocks which were amended with 2%, 4%, and 8% bagasse
ash. Compressive strength and water absorption tests were
performed on the stabilized blocks. Masonry prisms were also
prepared with the stabilized blocks for testing. The blocks
produced with 12% cement amended with 8% bagasse ash

met the standards for stabilized blocks. The prisms made with
modified blocks also produced better performance in axial
and diagonal compression tests when compared to blocks
without ash.
James et al. [46] investigated the effect of bagasse ash on
the potential of cement stabilized soil blocks. Two different
cement contents of 4% and 10% were adopted for stabilizing
the soil blocks which were amended by 4%, 6%, and 8%
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bagasse ash. The blocks were all cast to one particular unit
weight and moisture content. The blocks were subjected to
compressive strength, water absorption, and efflorescence
tests. The results of the investigation revealed that addition
of bagasse ash resulted in an increase in the performance
of the blocks with increased compressive strength and no
efflorescence. Addition of bagasse ash resulted in lower
cement content of 4% being capable of achieving minimum
strength requirements as per standards. However, there was a
marginal increase in the water absorption due to addition of
bagasse ash. It was also concluded that bagasse ash performed
better at lower cement content of 4% when compared to 10%.
James and Pandian [47], in an extension of their earlier
work, evaluated the potential of bagasse ash in improving
the performance of lime stabilized blocks. The minimum
lime content required for stabilizing a locally available soil
was determined using the Eades and Grim pH test. The
initial consumption of lime was found out to be 6%. The
soil was stabilized with 6% lime and amended with 4%
to 8% bagasse ash in increments of 2%. They found that
the addition of bagasse ash resulted in an increase in the
compressive strength of the stabilized block and increased
the water absorption of the block. 8% bagasse ash produced
the maximum strength but was not enough to meet the
minimum strength of class 20 block as per Indian standards.
The authors attempted to develop a relationship between
the compressive strength and bagasse ash content, based
on which they concluded a minimum requirement of 9.5%
bagasse ash for achieving strength of class 20 block.
Singh and Kumar [48] adopted combinations of cement,
sand, and bagasse ash for manufacture of light weight bricks.
Bagasse ash was adopted in proportions between 15% and
35% in increments of 5% with sand and 20% cement. The
combinations were adopted for casting bricks of nonmodular
size of 225 mm × 110 mm × 70 mm and cured, followed by
tests for compressive strength, water absorption, and efflorescence. The combination with 15% bagasse ash with 20%
cement produced the highest strength of all combinations. All
combinations produced strength higher than the minimum
strength required for a class 30 block.
Kulkarni et al. [49] investigated the capability of bagasse
ash in fly ash bricks as a replacement for fly ash as well
as lime. Bricks of size of 230 mm × 100 mm × 75 mm were
manufactured with various combinations, wherein bagasse
ash was used to replace fly ash up to 60% and lime up to
20% by weight in increments of 10% and 5%, respectively. The
bricks were then tested for compressive strength and water
absorption after curing periods of 7, 14, and 21 days. It was
found that replacement of fly ash with bagasse ash resulted in
a reduction in strength of the stabilized block with increase
in bagasse ash content. However, all combinations produced
strength higher than the minimum, required for class 30
blocks. It was found that 10% bagasse ash as replacement
for fly ash produced the strength closest to that of control
specimen with the strength variation being less than 5%.
Madurwar et al. [37] analysed the potential of bagasse ash
in enhancing the performance of quarry dust-lime stabilized
blocks. The chemical composition of the materials was
analysed using X-ray florescence tests. Thermogravimetric
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analysis was performed on bagasse ash which revealed that
it was stable till a temperature of 650∘ C. Scanning electron
microscopy was used to study the microstructure of bagasse
ash which showed numerous fine pores in the individual
particles. The blocks consisted of 20% lime by weight, while
bagasse ash was varied from 50% to 80% and quarry dust
was varied from 30% to 0% in increments of 5%. The blocks
were cast to a size of 230 mm × 110 mm × 80 mm and
cured. They were then tested for their compressive strength,
water absorption, and efflorescence. The test programme also
included results from testing of a conventional brick and
a fly ash brick. The results of the test revealed that 50%
bagasse ash with 30% quarry dust and 20% lime produced
the highest of compressive strengths of all combinations.
This combination was also subjected to advanced physicomechanical tests including flexural strength, shear bond,
combined compressive, and modified bond strength tests.
The water absorption of bagasse ash bricks was higher than
conventional and fly ash bricks. No efflorescence was detected
on any of the bagasse ash brick combinations.
Priyadarshini [50] investigated the effect of replacing
cement in hollow concrete blocks with bagasse ash and silica
fumes as admixture. The test programme investigated two
mix ratios of concrete in which bagasse ash was used to
replace cement up to 30% by weight with silica fumes as
admixture. The cast hollow blocks were then subjected to
compressive strength and water absorption tests. At the end
of the test programme, the author concluded that up to 10%
replacement with bagasse ash with silica fume admixture was
found to produce performance close to the control specimens. The author also performed a cost analysis, based on
which she concluded that using bagasse ash as replacement
in concrete hollow blocks can achieve a profit ratio on sales
of up to 63.7%.
Rajkumar et al. [51] investigated the use of bagasse ash
paver blocks on low traffic road pavements. The investigation
consisted of designing and testing four trial mixes with
bagasse ash in accordance with BIS and IRC standards. This
was followed by design of a flexible pavement for low volume
traffic roads. The paver blocks were designed with 50%
bagasse ash addition in the mix. The compressive strength
results of the paver blocks as well as cubes revealed that
though the strength of the paver blocks with bagasse ash
was lower than the control specimens, the strength values
were very close to the control. The design of pavement with
bagasse ash paver blocks was cheaper than conventional
flexible pavement by 24.15%. The authors also cite higher
design life for bagasse ash paver block pavement as well as
reduced maintenance costs when compared to conventional
flexible pavement.
Naibaho et al. [52] investigated the utilization of bagasse
ash in reducing the cement content of stabilized bricks. Three
bagasse ash contents of 5%, 15%, and 25% were investigated
for their performance in increasing the compressive strength
and reducing water absorption in achieving a cost-effective
stabilized brick. The test results revealed that the addition of
25% bagasse ash produced the highest compressive strength
but resulted in an increase in water absorption. The authors
concluded that utilization of 25% bagasse ash in manufacture
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of cement stabilized bricks decreased the production costs by
32.48%.
Ali et al. [53] investigated the effect of bagasse ash on the
strength of compressed cement stabilized earth blocks. The
soil was amended with 20%, 25%, and 30% bagasse ash as
a partial replacement for cement and was cured for periods
of 7 days and 28 days. The soil blocks were then subjected
to initial rate absorption, density, dimensions, compressive
strength, and water absorption tests. 20% bagasse ash was
found to be the optimum replacement content for cement in
the manufacture of compressed stabilized blocks. The water
absorption increased on addition of bagasse ash; however, the
increase stabilized beyond 20% bagasse addition. The weight
of the block reduced marginally due to the addition of bagasse
ash. The authors concluded that further studies on energy
consumption and chemical properties need to be conducted
before bagasse ash can be adopted in brick manufacture.
Onchiri et al. [54] investigated the partial replacement
of cement in self-interlocking blocks with bagasse ash. Silty
gravel soil was stabilized using cement and it was amended
with bagasse ash with mix proportions of 1.6%, 3.2%, 4.8%,
6.4%, and 8%. The stabilized blocks were then cured for
periods of 7 days and 28 days. The results of the compressive strength tests revealed that the maximum compressive
strength was achieved at an additive content of 3.2%. The
authors concluded that bagasse ash to cement in the ratio
of 1 : 1.5 was the optimal dosage as it met the minimum
standards for compressed stabilized blocks.
3.2. Bagasse Ash Stabilized Soil Blocks. Bagasse ash has also
been used in the manufacture of stabilized earth bricks as
standalone stabilizers. The use of primary stabilizers like
cement and lime is avoided, while bagasse ash forms the
primary stabilizer in their place.
Saranya et al. [55] investigated combinations of bagasse
ash and rice husk ash in development of stabilized bricks
without any other conventional binder. The investigation
involved combinations of bagasse ash and rice husk ash in
equal proportions varying from 5% till 30% in increments
of 5%. The bricks were tested for their compressive strength
and water absorption and checked for density of the cast
brick for various combinations. The test programme revealed
that 5% bagasse ash with 5% rice husk ash produced the
highest strength of all combinations. The water absorption of
the blocks also increased with increase in waste content. The
authors recommended the combination of bagasse ash and
rice husk ash up to 20% in manufacture of the brick with additional advantage of the bricks being their light weight nature.
Prasanth et al. [56] investigated the performance of
pressed composite bricks made with different additives
including bagasse ash, fly ash, jaggery, quarry dust, lime, and
cement. The additives were all added individually and the
strength of the composite brick was tested. It was found that
10% cement gave the highest strength of all combinations.
However, it was also found that 5% bagasse ash composite
earth brick gave strength close to that of 10% lime stabilized
earth brick.
Salim et al. [57] investigated the potential of bagasse in
the manufacture of sandy loam soil compressed earth block.
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Sandy loam soil was adopted for the manufacture of the
blocks and they were amended with 3%, 5%, 8%, and 10%
bagasse ash and were compressed and cast into blocks of
285 mm × 145 mm × 95 mm blocks and cured for periods
of 14, 21, and 28 days. Following the curing periods, they
were subjected to compressive strength test and shrinkage
crack test. The results showed that 10% bagasse ash was able
to increase the strength of sandy loam soil block by 65%.
There was also a 7% reduction in the shrinkage cracks of 10%
bagasse ash amended soil blocks.
3.3. Bagasse Ash Amended Sintered Blocks/Tiles. While the
valorisation of bagasse ash has been the primary focus of
this paper, there have also been instances wherein bagasse
ash has been utilized in the manufacture of sintered blocks
as well. However, sintering of blocks consumes energy which
is the primary reason for opting for stabilized soil blocks.
But a look into the performance of bagasse ash in sintered
bricks is worthwhile to understand its role in enhancing their
properties, wherein strength gain is through an altogether
different mechanism. This will also serve as a cornerstone for
further future research in the area.
Tonnayopas [42] investigated the potential of bagasse ash
as an additive in the manufacture of sintered bricks. The
bagasse ash content was varied from 10 to 15% by weight
of clay used in the manufacture of the brick. As against a
conventional stabilized soil block, this investigation involved
utilization of bagasse ash in sintered bricks, wherein the
modified bricks were fired at a temperature of 1050∘ C. Bagasse
ash was characterized using X-ray fluorescence, X-ray diffraction, and thermogravimetric analyses. The sintered bricks
were subjected to compressive strength, water absorption,
and density tests. The microstructures of the failed brick specimens were also studied using scanning electron microscopy.
The investigation revealed that addition of bagasse ash
affected even the performance of sintered bricks with 30%
bagasse ash producing the highest compressive strength of
close to 43 MPa. Water absorption of all combinations till 30%
bagasse ash content was less than 15%. The authors concluded
that 30% bagasse ash by weight of clay can be used for forming
the brick sintered at a temperature of 1050∘ C.
Teixeira et al. [17] looked into the potential of replacing
quartz with bagasse ash in red ceramic. Bagasse ash was
characterized using X-ray fluorescence and X-ray diffraction
tests. Prismatic probes of ceramic material amended with
bagasse ash in quantities of 5%, 8%, and 10% by weight were
fired at temperatures between 800∘ C and 1200∘ C. The fired
ceramic probes were tested for texture, flexural strength, and
shrinkage. The results showed that the addition of bagasse ash
as replacement for quartz resulted in a reduction in flexural
strength and increase in shrinkage with sintering temperature. However, the authors concluded that the amount
of ash that can be incorporated will depend on both the
composition of the clay and the ash to be incorporated. In
their study, they recommended that up to 10% of bagasse ash
can be incorporated in red ceramic.
Schettino and Holanda [58] examined the effect of addition of bagasse ash in the processing of porcelain stoneware.
The bagasse ash waste was increased from 0 to 5% through
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1.25% and 2.5%. The formulation consisted of kaolin clay,
sodium feldspar, quartz, and bagasse ash with bagasse ash
forming the replacement for quartz in various combinations.
The tile formulations were then fired in a fast firing kiln at
1230∘ C for less than 60 minutes. The tiles were then subjected
to mineralogical, microstructural investigations through Xray diffraction and scanning electron microscopy. The tiles
were also subjected to linear shrinkage, apparent density,
water absorption, and flexural strength tests. The increase in
bagasse ash content resulted in an increase in linear shrinkage
as well as water absorption and reduction in flexural strength.
However, bagasse ash content up to 2.5% resulted in water
absorption and flexural strength that met the minimum
requirements for porcelain tiles. Thus, the authors concluded
that up to 2.5% bagasse ash can be used in the manufacture
of porcelain stoneware with good technical properties.
Hariharan et al. [59] investigated the preparation and
characterization of ceramic products with sugarcane bagasse
ash waste. Tile compositions of 50% clay, 15% quartz, and
35% feldspar were obtained from a local manufacturer and
sugarcane bagasse ash was used as a replacement for feldspar.
The amended composition included 20% bagasse ash in
lieu of feldspar, whose composition was reduced to 15% of
the total. Two different porcelain insulators were prepared
using the above-mentioned combinations by firing them. The
manufactured ceramic specimens were subjected to porosity, water absorption, bulk density, and dielectric strength
properties. The morphology of the prepared specimens was
also studied using scanning electron microscopy. The bagasse
ash amended porcelain insulator showed a reduction in
water absorption and porosity and an increase in its bulk
density and dielectric strength. The microstructure revealed
a reduction in pores and revealed a denser matrix with the
advent of vitrification.
Aigbodion et al. [60] investigated the potential of utilization of bagasse ash in industry. They prepared bagasse ash by
calcining it at a temperature of 1200∘ C for 5 hours to obtain
bagasse ash. The ash was then mixed with gum Arabic and
water for enhancing its plasticity, following which the mix was
pressed into moulds using a hydraulic jack under a pressure
of 9 kg/cm2 . It was then air-dried followed by oven drying
at 110∘ C for removal of moisture. The moulded bricks were
then fired at various temperatures ranging from 200∘ C to
1400∘ C in a digital electric furnace. The fired specimens were
then tested for firing shrinkage, density, and refractoriness.
The evaluation revealed that fired bricks made of bagasse ash
and gum Arabic had very low firing shrinkage, were light in
weight (density of the order of carbon and silica), and were
highly refractory, capable of withstanding temperatures up to
1600∘ C.
Faria et al. [18] investigated the potential of using bagasse
ash as raw material in the manufacture of clay bricks. The
waste material was characterized by its chemical composition, mineralogy, thermal stability, morphology, particle size,
and pollution potential. Bagasse ash was used to replace clay
by 20% and bricks were prepared and fired at a temperature
of 1000∘ C in an electrical kiln. The bricks were then evaluated
for their linear shrinkage, water absorption, apparent density,
and tensile strength. It was found that the addition of bagasse
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ash waste to clay in brick formulations resulted in a reduction in tensile strength, increase in water absorption, and
reduction in linear shrinkage and density of the bricks. The
authors concluded that up to 10% bagasse ash waste can be
incorporated in the manufacture of clay bricks from the point
of view of environmental protection, waste management, and
saving of raw materials.
Teixeira et al. [61] investigated the manufacture of wollastonite based glass ceramic using bagasse ash as raw material.
The glasses were prepared by mixing bagasse ash, limestone,
and potassium carbonate as flux. The mixtures were melted
at 1400∘ C using a lift oven, poured into water to form
glass frits, dried, milled, and sieved for mineral and thermal
analysis. They were then moistened with ethylene glycol and
pressed into pellets with a hydraulic press. These pellets
were then sintered at varying temperatures to crystalize and
vitrify them. The glass ceramics were produced with two
different combinations of bagasse ash and limestone. It was
concluded that valorisation of bagasse ash in the manufacture
of glass ceramics can result in production of wollastonite
based ceramics at lower crystallization temperatures of less
than 900∘ C, which significantly reduces production costs.
As mentioned earlier, the effectiveness of utilization of
bagasse ash as a pozzolan will depend upon the purity of
the ash, reactiveness of the silica, and pretreatment of ash,
if any, to improve its reactivity. Thus, in order to compare
all the investigations adopting bagasse ash in stabilized
blocks, a comparative table has been generated comparing
the temperature of burning or calcination temperature of
the ash, which plays a predominant role in the quality of
the ash, the loss on ignition, which gives an indication of
volatile impurities present, the type of silica present in the
ash, crystalline or amorphous based on the details given in
the mineralogical investigations by the authors, and, lastly,
the treatment/preparation of the ash done before its use in
the investigation. The comparison is shown in Table 4.
It can be seen that a majority of the authors either have not
considered or have not reported all or most of the important
parameters that affect the quality of the ash and hence its
pozzolanic activity. However, a few authors have reported at
least three of the four criteria considered in this work. Though
there is a significant number of investigations reporting
the performance of bagasse ash as a pozzolanic additive in
stabilized/sintered blocks or tiles, most of them do not report
important criteria that can be used to understand the performance achieved in their investigations. Thus, this is a major
shortfall in existing literature which needs to be addressed in
all future investigations, wherein any investigation planning
the use of bagasse ash, as a pozzolanic additive, reports
the important parameters considered here to enable the
investigators as well as end users to understand and replicate,
if necessary, the work done, at a future date. The data provided
by the few authors who have reported the important criteria
provides a sound foundation for all future investigations.
3.4. An Evaluative Discussion. Table 5 shows the performance
of bagasse ash in stabilized/sintered soil blocks/tiles. It can
be seen that a variety of block sizes has been investigated
by various researchers. However, there are no clear-cut

DNR

Schettino and Holanda [58]

DNR: data not reported.

Hariharan et al. [59]
Aigbodion et al. [60]
Faria et al. [18]

DNR

Teixeira et al. [17]

650 C
1200∘ C
DNR

∘

DNR

DNR
DNR
DNR
DNR
240–600∘ C
DNR
DNR
DNR
DNR
DNR
DNR
DNR
DNR

DNR

DNR
700–900∘ C

DNR

Calcination temperature

Tonnayopas [42]

James et al. [46]
James and Pandian [47]
Singh and Kumar [48]
Kulkarni et al. [49]
Madurwar et al. [37]
Priyadarshini [50]
Rajkumar et al. [51]
Naibaho et al. [52]
Ali et al. [53]
Onchiri et al. [54]
Saranya et al. [55]
Prasanth et al. [56]
Salim et al. [57]

Lima et al. [45]

Khobklang et al. [44]
Alavéz-Ramı́rez et al. [36]

Greepala and Parichartpreecha [43]

Author(s)

DNR
DNR
9.78

9.78

DNR

40.21

DNR
DNR
DNR
DNR
8.90
DNR
DNR
DNR
DNR
DNR
0.72
DNR
0.9

1.04

DNR
24.15

DNR

Loss on ignition (%)

Active silica
Quartz
Quartz

DNR

Quartz

Quartz

DNR
Quartz
Amorphous silica
DNR
Amorphous silica
DNR
DNR
DNR
DNR
DNR
DNR
DNR
DNR

DNR

DNR
DNR

DNR

Nature of silica

Table 4: Comparison of factors influencing pozzolanic activity of bagasse ash.
Ash treatment
Sieved through ASTM sieve number 325 (45
microns)
Sieved through ASTM sieve number 200
Sieved through ASTM sieve number 200
Sieved through 4.8 mm sieve and milled for 3
minutes in a mechanical mill
Sieved through BIS 300-micron sieve
Sieved through BIS 300-micron sieve
DNR
DNR
DNR
DNR
DNR
DNR
DNR
Sieved through 75-micron sieve
DNR
DNR
DNR
Crushed in cone crusher and ground in lab ball
mill and sieved through 70-micron sieve
Milled in ball mill and sieved to less than 88
microns
Dry milled and sieved through ASTM sieve
number 325 (45 microns)
DNR
DNR
Sieved through 355-micron sieve
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20% lime

20% lime

Madurwar et al.∗ [37]

20% cement

Singh and Kumar [48]

Kulkarni et al. [49]

6% lime

10% cement

10%

230 × 100 × 75

50%

15%

225 × 110 × 70

230 × 110 × 80

8% addition

190 × 90 × 90

6% addition

6% addition

4% cement
190 × 90 × 90

8% addition

8% addition

12% cement

6% cement

James and Pandian [47]

James et al. [46]

Lima et al. [45]

DNR

10% addition

10% lime

300 × 150 × 120

Alavéz-Ramı́rez et al. [36]

∼4.3% cement replacement

250 × 125 × 100

∼8.5–14% cement

Khobklang et al. [44]

10% cement replacement

250 × 125 × 100

∼7–14% cement

Greepala and Parichartpreecha [43]

Optimal dosage of bagasse ash

Block size
mm × mm × mm

Primary stabilizer

Author(s)

Without bagasse ash
15.7 MPa
8.70%
82.26 ksc
11.29%
16.5 MPa
1.12 MPa
0.70 MPa
12.41%
3.13 MPa
11.94%
2.59 MPa
6.59%
5.42 MPa
5.84%
1.687 MPa
7.46%
14.14 MPa
8.5%
7.55 MPa
6.50 MPa
10%
8.02 MPa
0.32 MPa
0.12 MPa

Properties tested
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Flex. strength
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Comp. strength
Water absorption
Flex. strength
Bond strength
Wrench strength

Table 5: Role of bagasse ash in performance of stabilized and sintered soil blocks and tiles.

11.7 MPa
9.93%
90.75 ksc
11.83%
21.3 MPa
1.40 MPa
1.54 MPa
11.86%
2.89 MPa
12.11%
2.95 MPa
6.89%
5.85 MPa
6.95%
1.87 MPa
8.38%
11.31 MPa
9.79%
7.43 MPa
6.59 MPa
∼20%
7.07 MPa
0.35 MPa
0.23 MPa

With bagasse ash
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Cement

Cement

Naibaho et al.∗ [52]

Ali et al. [53]

DNR

—

—

—

Hariharan et al. [59]

Aigbodion et al. [60]

Faria et al. [18]

10%∧

100%∗∗

20%

Comp. strength
Comp. strength
Comp. strength
Comp. strength
Water absorption
Comp. strength
Water absorption
Comp. strength
Comp. strength
Water absorption
Comp. strength
Comp. strength
% cracks
Linear shrinkage
Comp. strength
Water absorption
Electr. resistance
Flex. strength
Linear shrinkage
Flex. strength
Water absorption
Water absorption
Porosity
Bulk density
Dielectric strength
Firing shrinkage
Density
Refractoriness
Tensile strength
Water absorption
Linear shrinkage
Apparent density

Properties tested
9.98 MPa
45 MPa
40 MPa
2.146 MPa
9.77%
15.33 MPa
7.04%
2.55 MPa
∼4 MPa
DNR
0.5–1.65 MPa
∼2.3 MPa
30%
1%
∼37 MPa
∼10.5%
∼750 MOhm-cm
∼10 MPa
∼11.25%
∼47.5 MPa
∼0.125%
0.6%
1.25%
2.06 g/cm3
7.1 kV/mm
DNR
DNR
DNR
∼3 MPa
∼23%
∼2.7%
∼1.7 g/cm3

Without bagasse ash

9.40 MPa
41 MPa
42 MPa
5.167 MPa
16.05%
16.23 MPa
24.17%
3.03 MPa
>4 MPa
15.94%
1.15 MPa
∼3.8 MPa
23%
4%
∼43 MPa
∼14%
∼1400 MOhm-cm
∼7 MPa
∼11.75%
∼45 MPa
∼0.1%
∼0.4%
0.95%
2.39 g/cm3
8.2 kV/mm
0.85%
1.95 g/cm3
1600∘ C
∼1.5 MPa
22.88%
∼2.25%
∼1.67 g/cm3

With bagasse ash

Comp.: compressive; flex.: flexural; elect.: electrical; DNR: data not reported; ∗ comparison with nonoptimal values; ∼ approximate values calculated from reported data/graphs; ∗∗ made with mix of only bagasse ash
and gum Arabic; ∧ recommended value.

DNR

DNR

DNR

—

Schettino and Holanda [58]

1.25%

5%

60 × 20 × ∼5

—

Teixeira et al. [17]

30%

140 × 65 × 40

—

Tonnayopas [42]

10%

285 × 145 × 95

—

Salim et al. [57]

5%

—

Prasanth et al. [56]

200 × 100 × 100

—

Saranya et al. [55]
5% with 5% rice husk ash

3.2%

20% cement replacement

100 × 50 × 40
DNR

25% cement replacement

50% cement replacement

10% cement replacement

Optimal dosage of bagasse ash

400 × 200 × 100

DNR

Block size
mm × mm × mm
DNR

190 × 90 × 90

∗

4.8% cement

Cement

Rajkumar et al. [51]

Onchiri et al. [54]

Cement

Primary stabilizer

Priyadarshini [50]

Author(s)

Table 5: Continued.
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common dimensions that have been preferred by the various
researchers with wide variations in sizes. Predominantly,
investigations have been based on determination of compressive strength and water absorption only. Efflorescence
has been attempted by some of the researchers. However,
BIS code [62] for stabilized soil blocks also recommends a
weathering test for stabilized soil blocks. The test is intended
to evaluate the loss in weight of the stabilized block on being
subject to a water spray essentially testing the durability of
the stabilized blocks subjected to water erosion. However, in
the reviewed literature, the authors could not find such a test
being performed to evaluate the durability of the stabilized
blocks. One instance of evaluation of modified strength like
combined compressive strength, modified wrench test, and
bond strength tests was found in the work done by Madurwar
et al. [37]. Salim et al. [57] had performed a failure analysis
in their loading tests, based on which a percentage crack
development on failure was done. Bagasse ash has been
predominantly utilized as auxiliary additive to cement or lime
rather than a standalone stabilizer which may be due to the
lower level of strength gains achieved when bagasse ash alone
is used for stabilizing the blocks. The use of bagasse ash in
sintered blocks and tiles has also been reported by a few.
Looking at the results of the compressive strength of bagasse
ash amended stabilized blocks, barring a few works that have
reported a negative result due to the addition of bagasse
ash; the rest have all reported positive strength outcomes.
Even those works that had reported negative results pointed
out that the strengths achieved by bagasse ash addition
though were lesser than the control specimen; they were
still higher than the minimum standard strength and hence
focused on the cost reduction achieved while maintaining the
strength for practical usage. In some of the investigations, the
reduction in strength was due to the replacement of cement
by bagasse ash which led to a reducing cement content with
increasing ash content leading to strength decrease. Virtually
all investigations agreed that bagasse ash amendment led to
an increase in the water absorption of the stabilized blocks.
Effect of bagasse ash on sintered blocks and tiles has been
studied by a few researchers, wherein there is a reduction in
the flexural strength in the case of tiles but still they are above
the minimum requirement as per the relevant standards
and hence the authors, despite a reduction in strength, do
recommend the valorisation of bagasse ash in sintered tiles
as well. More detailed research in the utilization of bagasse
ash in sintered tiles can open up a new line of research
for increased valorisation of bagasse ash in other sintered
products.
Understanding the cost economy achieved by valorisation
of bagasse ash is another important aspect that can enhance
the utilization of this waste in Civil Engineering materials,
thereby achieving sustainable waste management. The cost
economy achieved by bagasse ash can be either by savings
in raw material or in the form of savings due to process
optimization. Kulkarni et al. [49] reported that valorisation
of bagasse ash in stabilized blocks resulted in a cost of Rs.
2420/1000 blocks against a cost of Rs. 4000/1000 conventional
clay bricks. This works out to savings of 39.5% in cost per
brick. However, Priyadarshini [50] reported a profit on sales
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ratio of 63.7% achieved due to manufacture and sale of
bagasse ash concrete blocks. Rajkumar et al. [51] reported
cost savings of 24.15% due to valorisation of bagasse ash
in the manufacture of paver blocks for low volume traffic
roads. Utilization of bagasse ash can also optimize the process
operation, thereby achieving cost economy from other means
of operations. Teixeira et al. [61] report that the utilization of
bagasse ash in the manufacture of sintered glass ceramics can
be achieved at significantly lower temperatures of less than
900∘ C, thereby significantly reducing the costs involved in
sintering of blocks to produce ceramics.

4. Conclusions
The paper was aimed at giving an overview of the characterization and utilization of bagasse ash in manufacture of
stabilized blocks and tiles. Based on the review of literature
that concentrated on the utilization of bagasse ash in the
manufacture of blocks and tiles, the following points can be
concluded:
(i) Bagasse ash is a solid waste of economic importance
which is produced as a by-product from the sugar
manufacturing industry in huge quantities. Bagasse
ash consists of both bottom ash collected from the
boilers and fly ash collected from the gas washers.
The ashes are composed of both organic and inorganic fractions but fly ash consists of more organic
content compared to bottom ash. India is one of the
leading producers of sugar; this waste is generated in
huge quantities in India leading to potential disposal
problems without effective management techniques.
However, the economic importance of this solid
waste has been realised with several applications like
adsorbents, filters, ceramics, briquettes, bricks, and
blocks and soil amendment activities.
(ii) A lot of researchers have attempted to characterize
this solid waste and have more or less concluded
that it is a waste material that is rich in silica and
can contribute to pozzolanic reactions due to the
high amounts of silica, alumina, and iron oxide
present in it, a requirement stipulated by ASTM for
natural pozzolans. The pozzolanic activity of the ash
depends on the presence of amorphous silica rather
than crystalline silica, which is dependent on the
temperature of calcination of the ash. Pretreatment of
the ash by sieving or milling can reduce its particle
size and, hence, improve its reactivity. Mineralogical
characterization has revealed that bagasse ash is predominantly composed of quartz and cristobalite, both
of which are silica minerals, followed by calcite which
is agreed upon by most of the researchers. Other
minerals reported vary with the source of the ash.
Microstructure of bagasse ash from various sources
reveals both crystalline forms and flakes of individual
burnt fibres with pores, which is in agreement with
the fact that bagasse ash consists of both organic and
inorganic crystalline fractions.
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(iii) Bagasse ash utilization in soil engineering activities
has increased in recent times with it gaining prominence in stabilized soil blocks. The utilization of
bagasse ash in soil blocks has been adopted in two
modes as auxiliary additive/replacement to primary
stabilizers like lime or cement or as standalone stabilizer/additive to soil in the manufacture of blocks. The
common tests adopted in investigations dealing with
stabilized soil blocks include compressive strength,
water absorption, and to a lesser extent efflorescence
of blocks.

(vii) The valorisation of bagasse ash has been found to
reduce cost either in the form of savings in raw material when adopted in stabilized/sintered products or
in the form of savings due to process optimization
in the case of sintered tiles/blocks. A more detailed
reporting of cost economy achieved due to valorisation of bagasse ash by future investigators can help
in mainstreaming the utilization of bagasse ash in
manufacture of stabilized/sintered blocks for spurring
growth in the manufacture of low cost construction
materials.

(iv) The available literature reveals that addition of
bagasse ash results in an improvement in the strength
of stabilized blocks in most of the cases. Addition of bagasse ash to cement as auxiliary additive
results in an enhanced performance of the stabilized
blocks. However, it has been reported that bagasse
ash performs better at lower cement contents when
compared to higher cement contents. When bagasse
ash is added as standalone stabilizer in manufacture
of blocks, it results in an improved performance
when compared to unstabilized blocks but their
performance is lower when compared to cement/lime
stabilized blocks amended with bagasse ash. Virtually,
all of the investigations reviewed reported an increase
in the water absorption of the stabilized blocks due
to addition of bagasse ash. In some cases, the water
absorption levels of bagasse ash amended stabilized
soil blocks were higher than those recommended by
Bureau of Indian Standards.

Thus, it can be seen that bagasse ash is a silica rich
material that can contribute to improving the performance of
stabilized soil blocks while still having unrealised potential in
further making stabilized/sintered soil blocks more durable
and acceptable for use in commercial applications.

(v) A lot of researchers have worked on the compressive
strength and water absorption of the stabilized blocks.
However, stabilized soil blocks have been known to
be less durable. Thus, durability of stabilized blocks
is an important aspect that needs to be concentrated
upon to increase the acceptability of stabilized blocks
in practice. Bureau of Indian Standards recommends
a weathering test for investigating the durability of
stabilized blocks, which does not find any place in
the research works reviewed. Apart from this, other
types of tests have been studied but minimally include
bond test, flexure test, and wrench tests on stabilized
block masonry. More investigations concentrating on
the durability of the stabilized blocks can improve
the acceptability of stabilized blocks and the role of
bagasse ash in improving the durability properties can
be revealed better.
(vi) Addition of bagasse ash to sintered blocks and tiles
has generally resulted in a reduction in the flexural strength of tiles/blocks. However, the reduced
strength was still higher than minimum requirements
as per relevant standards. The utilization of bagasse
ash in sintered blocks opens up one more avenue for
valorisation of bagasse ash due to its thermal stability.
More investigations on the thermal and electrical
properties of bagasse ash amended sintered blocks
will reveal its full potential.
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