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Abstract

Sugarcane bagasse is an available waste material in Bangladesh which is a by-product of sugar factories. Proper uses of
bagasse ash in cement mortar may give the optimum solution for environmental issues. Whereas the construction industry is
rapidly expanding in Bangladesh, so the country needs a large amount of cement. In this study Sugarcane bagasse ash (SCBA)
was used to replace some part of Ordinary Portland Cement (OPC) and Portland Composite Cement (PCC) in the mortar.
Bagasse sample was collected from Natore sugar mill. After collection, bagasse was dried in sun for a week and then it burned in
at 800°C to 1000°C temperature for 20 minutes. OPC and PCC was replaced by SCBA at different percentage ratios at 0%, 5%,
7.5%, 10%, 12.5%, 15%, 17.5%, 20%, 22.5%, 25%, 27.5% and 30%. The compressive strengths of different mortar with SCBA
addition were also investigated. Strength was tested for 3, 7 and 28 days. The test results indicated that up to 30% replacement of
OPC by Sugarcane bagasse ash (SCBA) in mortar satisfied the BNBC (2006) code. On the other hand, up to 27.5% replacement
of PCC by SCBA in the mortar was satisfied by code. Cost analysis showed the economic advantages of using SCBA. For OPC-
SCBA mortar the cost was reduced over 20%. On the other hand, the cost was reduced by almost 20% for PCC-SCBA mortar.
Use of SCBA can also reduce the waste disposal problems of the sugarcane industries.
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1 Introduction sugar mills (Habibullah et.al, 2014). Most of them are
According to a study, over 5% of global CO, emissions dumped into environment. As a result, it pollutes the
occurs during Portland cement production (Worrell et. al, environment because of disposal problem. )
2001). About 1.25 ton of CO, release into atmosphere But sugarcane bagasse ash (SCBA) can be used in
during the production of 1 ton of cement (Griffin, 1987). mortar as supplementary cementing materials due to its
Being a developing country demand for cement is pozzolanic reactivity (Cordeiro et al., 2004). Proper
increasing day by day in Bangladesh for its ongoing utilization of this sugarcane bagasse can solve
infrastructure developments such as tall buildings, bridges, environmental pollution and production of cost-effective
offshore structures, dams, monuments, fly way over, metro concrete. It can also take part in the production of
rail, elevated express way etc. Whereas the most of sustainable concrete.
structures are made by concrete, a large amount of cement
is n_eeded for the country which is very alarming for the 2 Materials and Method
environment. ) 2.1 Background information
On the other hand, sugarcane bagasse is treated as a The study was conducted to investigate compressive
waste in Bangladesh. A study says, in Bangladesh the strength using Bagasse Ash to replace some part of OPC
annual production of sugarcane is about 7.5 million tons and PCC cement in mortar. A cost analysis was also
(Mahamud et.al, 2012). Bangladesh now produces 800,000 conducted to find the cost effectiveness.

tons of bagasse per year. Some of them are used as fuel in

2.2 Sugarcane Bagasse Ash (SCBA)
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bagasse at 800°C to 1000°C temperature for 20 minutes
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(Villar et.al, 2008). It contains 58.61% to 59.55% SiO,,
7.32% to 7.55% Al,O3 and 9.45% to 9.83% Fe,O3 (Villar
et.al, 2008). It meets the requirement of ASTM C618-17a
which indicate to have 70% minimum for pozzolanas.

2.3 Ordinary Portland Cement (OPC)

The type of this cement is CEM-I. Which contains 95-
100% Clinker and 0-5% Gypsum. Its standard meets BDS
EN 197-1:2003 Comply to ASTM C 150.

2.4 Portland Composite Cement (PCC)

The type of this cement is CEM-1I/B. Which contains
72-79% of Clinker, 21-28% of Blast Furnace Slag and
Limestone and 0-5% of Gypsum. Its standard meets BDS
232:1993, BDS EN 197-1:2003; Comply to ASTM C 595.

2.5 Collection of Material

Sugarcane bagasse collected from local sugar mills in
Natore district. OPC and PCC cement collected from local
market. Standard quality river sand was used as fine
aggregate.
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Figure 1: Sugarcane Bagasse was drying under the sun light after
collecting from sugar mill

2.6 Preparing SCBA

After collecting sugarcane bagasse, it kept under sun
light for a week. It burned in an oven in material lab. The
temperature was between 800°C to 1000°C temperature. It
burned for 20 minutes.

Figure 2: Sugarcane Bagasse burning in the oven at Lab

2.7 Specimen preparation and testing

In mortar specimen, the SCBA was used as a
replacement of OPC and PCC by 0%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 22.5%, 25%, 27.5% and 30%.
Mortar was tested for compressive strength. According to
ASTM C109, compressive strength of the hydraulic cement
mortars is determined by using 2 inch or 50 mm cube
specimens. The mix design used for making concrete was
according to BNBC (2006), which is given in Table 1. It is
to be noted here that no admixture was used in this study.
For mortar specimen 3, 7 and 28 days strengths were tested.

Table 1: Concrete mix proportion

Grade of Binder Fine wib
Mortar aggregate
M, 1 4 0.45

Figure 3: Preparing mortar cube

Figure 4: Mortar cubes before test

2.8 Data processing and analysis
After getting all the test results, they were shown in
tables and bar charts.

2.9 Cost analysis
A comparative cost analysis had shown. It will help to
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find the economic benefit by partially replacing of cement
in mortar.

3. Result and Discussion

3.1 Compressive Strength of the concrete

From Table 2 and 3 it is found that, the compressive
strength gradually decreased with the increasing
replacement percentages of SCBA in both cases.

Table 2: Compressive strength of OPC-SCBA (OPBA)
mortar

Average Compressive

Replacement

(%) Mix Code Strength (N/mm?)

OPC : SCBA 3days 7days 28days
100:0 OPBA 0 11.01 18.06 27.13
100:5 OPBA5 1111 18.00 26.99
925:75 OPBA 7.5 10.94 17.73 26.84
100:10 OPBA 10 10.65 17.27 26.41
87.5:125 OPBA 125 9.85 16.52 25.98
85:15 OPBA 15 8.94 15.59 25.27
825:175 OPBA 17.5 8.70 15.08 24.55
80:20 OPBA 20 8.31 14.32 23.40
775:225 OPBA 22.5 8.18 13.74 22.26
75:25 OPBA 25 8.29 13.54 21.72
725:275 OPBA 27.5 8.18 13.28 21.19
70:30 OPBA 30 7.97 12.86 20.40

Table 3: Compressive strength of PCC-SCBA (PCBA)
mortar

Replacement

Average Compressive

(%) Mix Code Strength (N/mm?)
PCC : SCBA 3days 7days di?/s
100:0 PCBA O 8.40 15.60 23.34
100:5 PCBA 5 8.27 15.36 22.98
925:75 PCBA 7.5 7.63 14.17 21.20
100: 10 PCBA 10 7.23 13.42 20.08
87.5:125 PCBA 12.5 6.30 11.70 17.50
85:15 PCBA 15 5.49 10.19 15.25
825:175 PCBA 17.5 4,78 8.88 13.29
80:20 PCBA 20 417 7.74 11.58
775:225 PCBA 22.5 3.63 6.75 10.10
75:25 PCBA 25 3.17 5.88 8.80
725:275 PCBA 27.5 2.76 5.13 7.67
70:30 PCBA 30 241 4.47 6.68

The compressive strength of OPBA 20 mortar was
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greater than the compressive strength of PCBA 0 mortar
which satisfied the BNBC code of M2 grade mortar’s
required strength. It is also found that the compressive
strength of OPBA 30 mortar was very close to PCBA 0
mortar. It also satisfied the BNBC code of M, grade
mortar’s required strength. In case of PCC-SCBA mortar,
the entire replacement ratio from PCBA 5 to PCBA 27.5
mortar the BNBC code of M, grade mortar’s required
strength.

3
2!

28 days Compressive Strength (N/mm?)

10% 12.50% 15%

® 20

g 15

0
0% 5% 7509

Figure 5: Comparison of 28 days compressive strength between
OPC-SCBA and PCC-SCBA mortar
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From figure 5, it was found that the strength decreasing
pattern of OPC-SCBA mortar (OPBA) was differ from
decreasing pattern of PCC-SCBA mortar (PCBA). The
strength of OPBA was higher than 20 N/mm?. On the other
hand, the strength PCC-SCBA mortar showed a huge
difference between PCBA 0 to PCBA 30. The lowest
strength was 6.68 N/mm? at 30% replacement of SCBA in
PCC-SCBA mortar.

3.2 Cost Analysis

For cost analysis the PWD (2018) was followed. Cost
analysis was divided into two parts. One was for Mortar
used in Brickwork with 1st class bricks in superstructure in
1:4 cement-sand ratio considering 100 sft of work. Another
was 3/4" thick cement plaster in 1:4 cement-sand ratio on
one side of the walls considering 100 sft of work.

The unit price of OPC considered BDT 8.80 per
kilogram when the price of 1 bag OPC was BDT 440 which
contains 50 kilogram of cement (The independent, 2018).
Similarly the unit price of PCC considered BDT 8.30 per
kilogram when the price of 1 bag PCC was BDT 415 which
contains 50 kilogram of cement (The independent, 2018).
The unit price of sand (F.M. 1.2) was BDT 14 per cft
(PWD, 2018). Here, the production cost of SCBA was
about 1.5 BDT per Kg.

According to the results obtained from compressive
strength of OPC-SBCA and PCC-SCBA mortar the
strength of the mixing ratios which were met the BNBC
standard considered for cost analysis. In this scenario, only
PCBA 30 failed to meet the standard.

From table 4 it was found that, replacing 5%, 7.5%,
10%, 12.5%, 15%, 17.5%, 20%, 22.5%, 25%, 27.5% and
30% of SCBA with OPC in mortar for brickwork, reduced
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the material cost then ‘OPBA 0’ accordingly 3.42%,
5.13%, 6.84%, 8.55%, 10.27%, 11.98%, 13.69%, 15.40%,
17.11%, 18.82% and 20.53%.

From table 5 it was found that, replacing 5%, 7.5%,

10%, 12.5%, 15%, 17.5%, 20%, 22.5%, 25% and 27.5% of
SCBA with PCC in mortar for brickwork, reduced the
material cost then ‘PCBA 0’ accordingly 3.35%, 5.02%,
6.69%, 8.36%, 10.03%, 11.70%, 13.38%, 15.05%, 16.72%
and 18.39%.
Analysing table 4 and 5 it was also found that, replacing
10%, 12.5%, 15%, 17.5%, 20%, 22.5%, 25%, 27.5% and
30% of SCBA with OPC in mortar for brickwork, reduced
the material cost then ‘PCBA 0’ accordingly 2.26%, 4.06%,
5.85%, 7.65%, 9.44%, 11.24%, 13.03%, 14.83% and
16.62%.

From table 6 it was found that, replacing 5%, 7.5%,
10%, 12.5%, 15%, 17.5%, 20%, 22.5%, 25%, 27.5% and
30% of SCBA with OPC in mortar for 3/4" thick cement
plaster work, reduced the material cost then ‘OPBA 0’
accordingly 3.58%, 5.37%, 7.16%, 8.95%, 10.74%,
12.52%, 14.31%, 16.10%, 17.89%, 19.68% and 21.47%.

Table 4: Costing for 100 sft mortar in brickwork (using
different percent replacement of SCBA with OPC)

Material Quantity

Mix Code ~ Cement  Sand _ SCBA Tog"éﬁw
(kg) (cft) (kg)
OPBAO 300 40 0 3200
OPBA 5 285 20 15 3001
OPBA75 2775 20 225 3036
OPBA 10 270 20 30 2081
OPBA125 2625 20 375 2926
OPBA 15 255 20 45 2872
OPBA175 2475 20 525 2817
OPBA 20 240 20 60 2762
OPBA225 2325 20 675 2707
OPBA 25 225 20 75 2653
OPBA275 2175 20 825 2598
OPBA 30 210 20 ) 2543

Table 5: Costing for 100 sft mortar in brickwork (using
different percent replacement of SCBA with PCC)

Material Quantity

Mix Code Cement Sand SCBA TOSIID?OSt
(kg) (cft) (kg)
PCBA 0 300 40 0 3050
PCBA5 285 40 15 2948
PCBA 75 277.5 40 22.5 2897
PCBA 10 270 40 30 2846
PCBA 125 262.5 40 375 2795
PCBA 15 255 40 45 2744
PCBA 17.5 2475 40 52.5 2693
PCBA 20 240 40 60 2642
PCBA 22.5 2325 40 67.5 2591
PCBA 25 225 40 75 2540
PCBA 27.5 2175 40 82.5 2489

From table 6 it was found that, replacing 5%, 7.5%,
10%, 12.5%, 15%, 17.5%, 20%, 22.5%, 25% and 27.5% of
SCBA with PCC in mortar for 3/4" thick cement plaster
work, reduced the material cost then ‘PCBA 0’ accordingly

3.31%, 5.26%, 7.01%, 8.76%, 10.52%, 12.27%, 14.02%,
15.77%, 17.53% and 19.28%.

Table 6: Costing for 100 sft mortar in 3/4" thick cement
plaster work (using different percent replacement of SCBA

with OPC)
Material Quanti
Mix Code ~ Cement S;d tySCBA TOtBalg?OSt
(kg) (cft) (kg)

OPBAO 75.00 7.5 0.00 765

OPBAS 71.25 7.5 3.75 738
OPBA 7.5 69.38 75 5.63 724
OPBA 10 67.50 75 7.50 710
OPBA 12.5 65.63 75 9.38 697
OPBA 15 63.75 7.5 11.25 683
OPBA 17.5 61.88 75 13.13 669
OPBA 20 60.00 75 15.00 656
OPBA 225 58.13 75 16.88 642
OPBA 25 56.25 75 18.75 628
OPBA 27.5 54.38 7.5 20.63 614
OPBA 30 52.50 75 22.50 601

Table 7: Costing for 100 sft mortar in 3/4" thick cement
plaster work (using different percent replacement of SCBA

with PCC)
Material Quanti
Mix Code ~ Cement SanQd t)éCBA TOEBalljgost
(kg) (cft) (kg)

PCBA O 75.00 7.5 0.00 728

PCBA5 71.25 7.5 3.75 702
PCBA 75 69.38 75 5.63 689
PCBA 10 67.50 7.5 7.50 677
PCBA 12,5 65.63 75 9.38 664
PCBA 15 63.75 7.5 11.25 651
PCBA17.5 61.88 7.5 13.13 638
PCBA 20 60.00 75 15.00 626
PCBA 22.5 58.13 7.5 16.88 613
PCBA 25 56.25 7.5 18.75 600
PCBA 27.5 54.38 7.5 20.63 587

From figure 6, it was found that the pattern of cost
reduction from OPBA-0 between brickwork and plaster
were almost same. In both civil works for mortar showed
similar cost reduction scenario for different replacement of
OPC-SCBA mortar.

The pattern of cost reduction from PCBA-0 between
brickwork and plaster was found similar also and it was
shown in figure 7.

4 Conclusions and Recommendations
4.1 Conclusions
Based on the experimental results, following conclusions
were drawn:
= The compressive strength of OPC-SCBA mortar met
the BNBC code up to 30% replacement by the SCBA.
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For PCC-SCBA mortar the replacement was up to
27.5%.

= |t was also cost effective too by replacing with different
percentage of SCBA for mortar. For OPC-SCBA
mortar the cost was reduced over 20%. On the other
hand, the cost was reduced almost 20% for PCC-SCBA
mortar.

% cost reduction from OPBA-O

OPBA 5
OPBA 10
OPBA 15
OPBA 20
OPBA 25
OPBA 30

OPBA12.5
OPBA17.5
OPBA 22.5
OPBA 27.5

OPBA 7.5

e Brickwork Plaster

Figure 6: Comparison of % cost reduction from OPBA-0 between
brickwork and plaster

2 2 2 8 3

% cost reduction from PCBA-O

PCBA S5
PCBA 7.5
PCBA 10

PCBA 12.5
PCBA 15
PCBA 17.5
PCBA 20
PCBA 22.5
PCBA
PCBA 27.5

o

e Brickwork ster

Figure 7: Comparison of % cost reduction from PCBA-0 between
brickwork and plaster

4.2 Recommendations

SCBA can be used as a partial replacement material with
OPC and PCC in mortar. It will save the uses of cement.
Concerned stakeholder can use different replacement of
SCBA as per their required mortar strength. The concerned
authorities like sugar industries, cement industries and
relevant government institutions, higher education
institutions should be aware about this issue.
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