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ABSTRACT

Sugarcane bugasse ash is @ byproduct af xugar
factories found after burning sugarcoane bagasse
which itself is found after the exwraction of all
ecanomical sugar from sugarcane. The disposal of
this material is already cawsing environmenial
problems around the sugar factories. (I the other
hand. the boost in construction activides in the
country created shortage In most af concrete
miaking materials especially cement, resuliing in an
inciease in price. This study examined the porential
use of sugarcane bagasse ash as @ partial cement
replacement material.

In this study, hagasse ash sample was coflected
from Wonji sugar factory and s chemical
praperties were investigared The bugasse agh was
then ground until the particles passing the GIpm
sieve size reach about 85% and the specific surfave
area about 4716 cn’igm. Ordinary FPortland
cememt and Portfand Porzolana cement were
replaced by ground bagasse ash at different
percentage ratios. Normal consistency and seiing
time of the pasies containing Ordinary Portland
cement and bagasse ash from 3% to 30%
replacement were investiguted. The compressive
strengths of different mortars with bagasse ash
addition were also Imvestigated. Four different C-
15 concrefe mixes with bagasse axh replacements
of (1%, 5%, 15% and 23% of the Ordinary FPortland
cement were prepared with water (o cement rafio
of (1.55 and cement conteni of I50kg/m’ for the
confrol mix.

The test resulty indicated that wp te 0%
replacement of cement by bagasse arh resufts n
belter or similar conerete properties and further
environmental and economical advantages c¢an
also be exploited by using bagasse ash as a partial
cement replacement material.

Keywords: Bugasse ash,  Poccolanic muaterial,
Normal consistency, Seiting time, Compressive
sirength, Water penetration depth.
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INTRODUCTION

Concrete is one of the most commenly used
construction material in the world. Tt is basicaily
composed of three components: cement, walter and
aggregates. Cement plays a great role in the
production of concrete and is the most ¢xpensive of
all other concrete making materials. In addition,
there is environmental concern in the preduction of
cement. Duc to this, requiremcnts for more
cconomical and environmental-friendly cementing
materials have exténded interest in partial cement
replacement materials.  Ground pranulated blasi
furnace slag, pulverized fly ash and silica fume,
have been successfully used for this purpose.

Bagasse is a by-product from sugar industries
which is burmt to generale power required for
different aclivities in the factory, The burning of
hagasse leaves bagasse ash as a wasie, which has &
pozzolanic property that would potentinlly be used
as a cement replacement material. 1 has been
known that the worldwide total production of
sugarcane is over 1500 million lons |1} Literatures
-ndicate thal eurrently there is about 300,000 tons
of sugar production in Ethiopia. Sugarcane consists
about 309 bagasse whereas \he sugar recovered I8
ahout 10%, and the bagasse leaves about 8%
bagasse ash (this figure depend on the quality and
type of the boiler, modern boiler release lower
amount of bagasse ash) as a wasic (1, 2], With the
country’s plan to boost the sugur production to over
3 million tons by the end of 2015, the disposal of
the bagasse ash will be of a serious coneern [3],

Sugarcane bagasse ash has recently been tested in
some parts of the world for ils use as partial
cement replacement material. The bagasse ash was
found to improve some propertics of the paste,
mortar and conerete including compressive strength
and water tighiness in  certain replacemeit
percentages and  fineness (1,24,5]. The higher
silica content in the bagasse ash was suggested 10
be the main cause for these improvements.
Although the silicate conlent may vary from ash o
ash depending on the burning conditions and other
properties of the raw materials including the soil on
which the sugarcane is grown, it has been reported
that the silicate undergoes a pozzolanic reaction
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with the hydration products of the cement and
results in a reduction of the free lime in Lhe
concrete [2].

The main objective of this study is, therefore, to
study the suitability of hapasse ash produced in
Wonji Sugar factory, Ethiopia, os a pozzolanic
material o partially replace cement in mortar and
concrele production. Towards this, experimental
investigations were carried oul to cxamine lhe
impact of adding bagasse ash on the mechanical
and physical properiies of pastes, merlars and
cuncreles.

MATERIALS
Soparcane Bagasse Ash

The sugarcane bagasse ash used for the study was
collected from Wonji supar factory located in
Oromiva Regional State - North Eastern Ethiopia,
The original ash was ground in & small mill lo
reduce its particle sizes until the particles passing
the 63pm reaches about 83%. The specific pravily
ol the cement {(Messebo OPC) and the bagasse ash
were tested in the laboratory and it was found to be
3.15 and 2.10, respectively, The physical properties
test results of the cement and bapasse ash are
shown in Table 1 and the particle size distribution
ig also shown in Fig 1,

Table 1: Physical property of Messebo OFC and
bagasse ash (as tested in the laboratory.)

| Material Messebo | Bagasse
arc Ash

Density (g/em’) 3.18 2,16
Specific surface 2910 4716
ares {em‘fgmj
Average size{um) 43.4 40,1
{where 50% of the

| particle passes)

Cement and Aggregale

Messebo OPC. PPC und aggregates (both fine and
coarse) conforming to Ethiopian slandard ES C.D3
201 and ES C.D3.201, respectively, were used for
the preparation of the tesl specimens [6]. The pXide
composition of the bagasse ash and Messebo OPC
wre as shown in Table 2,

i ———————— e — e —a

| Particle size distribution of Bagasse ash and
Messebo OPMC cement

Cuemulative passing (%5)

10 Sieve size (jum)

=
=
F=

Figure 1+ Particle size distribution of bagasse ash and cement
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Table 2: Oxide composition Messebo OPC [7] EXPERIMENTAL PROGRAM
and bagasse ash as tested in Geologieal

Survey center of Ethiopia. Muortar cubes ol size S0xS0x50mm were preparcd

and placed in a curing pond until (he test date.
Seven different mortar samples containing 3, 10,

Oxide Sugarcane Oxide

Composition Bagasse | composition 15, 20, 25 and 30 % I':_aguss-.- ash replecement along
(%) '+ Ash of Messeho with the control mix (0% bagasse ash) were
i OPC [7] pr_i,‘]:rarcd for Il:l-uth OFC and PPC replacements. The
Si0, 55.58 30.50 mix proportion used in the preparation of the
ALO, 587 175 control mortar specimens was:  1000g  cement;
Fe.0, FER) 370 1500g sand and 450g water. The blended muorlar
Ca0 78 m’ i spacimens weare ]:lrcpar::d b m]umle replacement/
MgO 1'21 " 3 of the eement and keeping water and sand consiant,
e = Iere it should be noted that all the measurements
Alkalies | NaxO 1.02 3 for the preparation of test specimens were made by
K0 f.41 welghting, For each substitution ratio, 3 seis (3 % 3
MnO 0.05 - = ¢} of mortar specimens were prepared for
Tid, .25 - compressive strength Lests conducted at the age of
Pl 1.35 - 3. 7, and 28 days. Mix proportions used in the
Hat) n.20 = preparation of OPC-BA and PPC-BA  mortar

S04 0.18 2 41 specimens are as shown in Table 3 below.
Lo 10,48 - {The term ‘volume replacement’ is to imply hat
Cl <Ll ® instead of 1:1 by weight replacements, 1:1 by
Si0+ ALOy+ 7337 - volume replacements were used fo keep similar
Fe0, paste content between the different mixes. 1:1 by

weight replacements were alsa tested but in this
case the mortars with bagasse ash were found iv
have higher amount of paste (due fo lower specific
gravity of bagasse ash) which results in wnfair
comparisan between the control mix and the ather
mixes.

Tuble 3; OPC-BA and PPC-BA mortar mixes

Test Mix Cement | Cement | Bagusse W/B Water Sand
Na Designation Lype (gm) ashigm) {m}) (zm)

1 Hh!\_‘lﬂ QFrC 1000 1] (.450 450 15043

2 Ban § OrC 950 4.5 0,457 450 1504

3 BAM 10 OPC 900 68.5 0.465 450 1500

4 BAM 135 OPC &50 103.0 0.472 450 15040

5 BAMN 20 OFC £00 137.0 0.480 450 1500

i BAM 25 QPC 750 171.5 (L4885 450 15 oo

7 AN 30 oPrC 700 2060 0.497 450 1500

B __BA MP 0 PPC 1000 0 0.450 450 1500

9 | BAMPS PPC 950 39.0 | 0455 | 430 1500

101 BAMP 10 FPC 900 Tﬂ.i 0.460 450 1500

11 BAMP 15 PPC 850 118.0 0465 450 1500

12 BaMP 20 PRC 00 157.0 0.470 4350 1500
g BAMP 25 PRC 750 196.5 475 J50 1500
14 BAMP 30 PPC 700 236.0__| 0481 450 1500

N.B - BAM stands for OPC-BA mortars while BAMP is for PPC-BA mortars and the number refers to
the volume pereentage of OPC or PPC replaced by bagasse ash.
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Biruk Hailu and Abebe Dinku

In order to investigate whether bagasse ash can be
activated by the addition of calcium hydroxide
(CofQH)) or not, other mortar specimens wére
prepared by mixing OPC, bagasse ash and
Ca[OH}:. The specimens prepared included a
control morlar cube with no cemenl replacement,
morar with 15% cement replacement by bagasse
ash and the same mortar with the latler with the
only difference of 3% and 6% replacement of the
replacing bagasse ash by Ca{OH); for 7 und 28
days test. Mix proportions used in the preparation
OPC-BA-Ca(01), morter specimens are a3 shown
in Table 4 below,

TEST RESULTS AND DISCUSSIONS

Physical and Chemical Properties

The test results indicated that the sugarcane
bagasse ash had a low density (2.16g/em’) and
higher specific surface area (4716cm*/g) when
compared with that of the Messebo OPC. Parlicle
size analysis of ash samples (Fig. 1) indicates that
50% of the ash particles passed through 40.lum
and 90% were of size less than 76.1pum, whereas
the analysis for the cement indicated that $0% of
the particles passed through 43.4um which Is

Table 4: OPC-BA-Ca(O1): mortar mixes

Test Mix Cement | Cement | Bagasse | Ca{OH); W/B Water Sand
Mo Designalion type (gm) ush{gm) {gm) - [gm) {gm)
i BAMA O opPC 700 0 0 0450 315 1050
2 BAMA 13 OPC 595 72 1] D472 313 1050
3 BAMA 15-3 QOPC 595 698 22 (.474 315 1050
4 BAMA 15-6 | arc 505 er.7 4.3 475 il3 1050

N.E - BAMA stands for OPC-BA-Ca{OH); mortars, the first number refers to the volume of OPC replaced and
the second the volume of bagasse ash replaced by Ca{OH)L

Concrete cubes of size 150x150x150mm  were
prepared and placed in a curing pond for a
maximum of 14 days. Four different concrele
samples containing 5,-15 and 25 % bagasse ash
along with the control mix were prepared for OPC

replacements. The control conerete mix had a mix

proportion of 350 kg/m' cemenl, 1925 kg/m'
water, 650 kg/m’ sand and 1205 kg/m’ coarse
agprepate, The blended conercle specimens were
prepared by volume replacement of the cement
with bapasse ash and keeping the other ingredicnts
constont. For each substitution ratio, 3 sets of
concrete specimens were prepared [or compressive
strength tests conducted at the ageof 7, 28 and 56
days. Water penetration depth tests were also
conducted ot the oage of 36 davs for each
replacement ratio. The final mix proportions for
Im” of the control and OPC-BA concrete mixes are
as shown in Table § below.

slightly greater than the bagasse ash and 90% of the
particles were less than 72pm which is less than the
ash. The fineness was determined wsing blain air
permeability method and the results are tabulaied
as shown in Table 6.

The chemical composition shown in Table 2,
revealed that the bagasse ash can be assigned as »
class W pozzolan, as per ASTM C618 classification
since the sum of Si0-, Ala(k. and Fea(); conlent i3
greater than 70%, The loss on Ignition (LOI) value
was found to be 10.48% which 1s slightly higher
thun that specified by the same standard, which is
10%. J

‘Table 5: Mix proportion for the concrele mixes
Test Mix Cement type | Cement | Bagasse | W/B | Water FA CA | FA | CA
No | Designation quantity ash (kg/m’) | (kgim®) | (kg/my | (%) | (%)
(kg/m’) | (kg/m')
1 BA (0 Messebo OPC 350 0 0.55 | 1925 650 1205 | 35 | 65
2 BAS Messeho OPC | 3323 12 056 | 1925 1 650 1205 | 35 | 63
3 BA 15 Messebo OPC | 2075 36 058 | 1923 650 1205 | 35 | 65
4 BA 25 Messebo OPC | 2625 6} 0.60 | 1925 650 1205 | 35 | 65

NG = BA stands for OFC-BA concretes and the number refers 1o the volume of OPC replaced by bagasse ash.

4
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Normal Consistency and Setting Time

The results of selling lme tests shown in Table 6
indicate that the addition of bagasse ash retarded
the seiting lime of (the paste; however this
retardation was within limits as specified by the
Ethiopian standard which is nol less than 43
minutes for initial setting time and not greater than
10 hours for (inal setting time. [t could have been
caused by the adsorption of water at the surface of
hapasse ush, Further, Goyal A, et al suggesied the
reduction in the amount of caleium hydroxide snd
also the development of [ilms of silica gel around
cement grains, and a mutual coapulation of
components within the paste may have caused the
retardation of setting time [1]. The finding on the

consistency of the blended pastes conformed to
previous research lindings [1, 3.

The mortar with 5% and 10 % replucement of GPC
by suparcune bagasse ash have shown a higher
compressive srength  value than the conirol
throughout Lhe lest periods as shown in Fig. 2a.
However, Fig. 2b, shows that the mortars with PPC
didn’t show any improvement on the compressive
sirength at any replacement percentage. Rather they
showed a reduction in compressive sirength. A
similar trend was found by undergraduate research
project on  self-compacting concrete by using
bagasse ash [9].

Table 6: Specific surface arca, Normal consistency and Setting Ume

Mix

Journal of EEA, Vel. 29, 2012

Specific surface Consistency (%) Initial setiing time Final setting time
Diesignation area (em’/g) (ASTM C 187) {minutes) {minutes)
BAP D 2910 32.5 176 280
BAP 3 2929 325 195 316
BAP 10 2948 32.5 203 324
BAP 15 3085 33.0 200 327
BAP 20 a214 33.5 205 325
BAP 25 1350 34.0 216 377
BAP 30 3497 4.8 232 333
N.B - BAP stands for hagasse ash powder or paste as applicable and the number refers to the volume of OPC
replaced by bagasse ash,
Compressive Strength of the Test Mortars
The compressive strength of both OPC-BA and
PPC-BA morars were tested and the avernge
results are as shown in Table 7 below,
_ Table7: Compressive strength of OPC-BA und PPC-BA mortars o
Tesl Mix Average compressive sirength
Mo | Designation 3 days 7 days 28 days
Load Strength Loud Strength Load Ntn:ngih
(kM) {N/mm?) ]  (N/mm”) (kN) (M mum ) :
1 BAM D 54.6 2185 80.6 3583 134.6 33.86
2 RAM 5 3.6 21.05 93.4 37.36 140.1 56.01
3 BAM 10 55.9 23.35 Q0.6 36.24 138.5 5542
4 BAM 15 47.5 18.98 82.7 33.09 1341 33.64
5 BAM 20 45.0 L&, 06 TS 3101 126.7 S0.68
4] BAM 25 43.8 17.53 7.6 28.64 L14.8 45.95
7 BAM 30 427 | 17.09 68.9 27.57 109.3 43.74
i BAMP 0 EN R 12.74 57.3 22.90 1053 43.71 |
9 BAMP 5 0.3 1211 5.5 21,39 94.1 37.62
1] BAMP 10 8.8 11.53 3l6 20,66 93.3 37.33
11 BAMP 15 27.5 11.01 0.0 19.99 91.0 36.41
12 BAMP 20 26.3 10.54 43.7 17.50 BR.2 35.27
13 BaMP 25 23.1 o233 40.5 16.21 79.8 31591
14 BAMP 30 224 £.96 31.5 14.98 G058 2193
5
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The bagasse ash acts in different ways when il
partially replaces OPC and PPC. The substitution
of PPC with bapasse ash did nol resull in
compressive steength improvement probably due to
the high amounmt of unhydrated silica from Lhe
cement and the bagasse ash. As o result of this, all
the PPC-BA mortars have shown a |lower
compressive strength than the control mortar,

OPC on the other hand, which containg smaller
amount of silica by jlself, resulied in 2 higher
compressive  strength  for 5%  and 10%
replacements,  This s probably duc (o the
poezolanic reagtion between the bagasse ash and
the Ca(OH}s from the cement hydration. Different
researcheis have also proved the existence of
pozzolanic reaction using alernative test methods,
It has been reported by Goval A. et al, that the
intensity of Cai001) in the 91 days cured sample
significamly reduced with corresponding increase
in the intensity of C-S-H [1].

As g messure of pozzolanic aclivity, strength
activity  indices (the percentage ratio  of
compressive strength of the blended mortars with
the control mix mortar) were calculated at the ages
of 3, 7. and 28 days, as per ASTM C 618
definition, As can be seen from Table K, strength
activity index for all OPC-BA blended mortars at 3,
7 ond 28 days were higher than the minimum
requirement of 73% specified in ASTM C 618.

Table 8: Strength activily index of OPC-BA and
PPC-BA mortars

compressive strength, which conformed to other
findings [9]. This is due to the fact that high
replacement of cement by bagasse ash reduces
cement content of the mixture which in turn causes
a reduction in the hydration reaction. The strength
activity index has also shown a general pattern of
increasing with age for most of the specimens with
OPC. For example, BAM 15 has a strength activity
index of B6.9, 92.3 and 99.6% at the ages ol 3, 7
and 28 days, respectively, The increase with age of
the sirength activity index can also partly prove the
pozzolanic nature of the bagesse ash ie. since
pozzolanic reactions are slower and dependant on
the hydration of the cement. Nuntachai C. el al,
also reported that the strength activity index
increases as the age of lhe west specimen increascs
[5]. The presence of pozeolanic reactions belween
the bagasse ash and the cement on the other hand,
will have a positive effect on the long-term
behavior of mortars especially on durability. The
consumption of calcium hydroxide, the product of
cement hydration, by the silicate from the bagasse
ash will reduce the permeability of the mortar and
result in a belter durability.

On the other hand os in the casc of OPC-BA
morar, increasing the replacement of bagasse ash
resulted in a reduction of the strength sctivity index
of the PPC-BA mortar, [nterestingly, most of the
PrC-3A blended mortars showed a decrease in
strength activity index as the age of the specimen
increased which is different from that ol OPC-BA
blended martar. Maoreover, none of the PPC-BA
morlars have shown improvement over the control
mortar which is not the case for OPC-BA muortars,

The result indicates that increasing the percentage
replacement of cement” by bagasse ash over a
certain percentage has resulted in reduclion of

Journal of EEA, Vol. 29, 2012

Mix Age of specimen However, the main requirement set by ASTM ©
Dicsignation | 3 days | 7 days 28 days 61% has been fulfilled up to 20% replacement of
BAMO 1640 100 1(H) PPC by BA.
¥ 5 ; .
[I::M : }::; ig‘:? 1:;4 The compressive strength of OPC-BA  with
e - : 9 Ca{OM); are shown in Table % and Figure 3 below.
HAM 15 6.9 923 9.0
BAM 20 R2.4 86.5 94.1 Table 9: Compressive strength of OPC-BA-
BAM 25 80.2 79.9 B5.3 Ca(OH )2 mortars
BAM30 | 782 | 769 1.2 :
BAMP O 1010 100 100 Test Mlix Averapge compressive strength
Mo | Designation 7 days 28 days
DAND 2 el gt L Load | Stength | Load | Stength
BAMP 10 | 0.5 9i).2 5.4 (kN) | (Mimm®) | (kN) | (Nmm®)
HAE“P = L 813 g 1 BAMAD | 857 ] 3430 | 1314 | 35257
DARBRN | EBT ] 7o L) 3 [ BAMA 1S | 750 | 3035 | 1290 51.62
BAMP25 | 726 | 70.8 73.0 3 | BAMA 153 | 775 | 3099 | 1294 | 51.78
BAMP 30 70.3 654 63.9 3 | BAMALSG | 775 3102 [1295 | 5180
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Figure 3 Compressive strength of OPC-BA-Ca({ O} mortars

Al both test days all mortars containing bagasse ash
have shown a lower compressive strength than that
of the control mortar. However, moriars containing
% and 6% Ca(OH); have shown u slight
improvement over the mortar containing 15%
bagazse ash with no CafOH)s. This sirength
difference between the OPC-BA mortar and OPC-
BA-Ca(H)s mortar was more visible al the carly
days. The probable reason for this can be that the
OPC-BA moriar without Ca(OH); i3 much slower
in reaction than all other mortars since it has to
wait the hydration reaction of the cement in order
e have its pozzolanic reaction, where as the OPC-
BA-Ca(OH)s mortar al 3% and 6% Ca(OH)s is
faster than the OPC-BA mortar since It comaing
some Tree CalOH)s which are available to react
with the silica present in the bagasse ash, However,
at latter days both the OPC-BA mortar and OPFC-
BA-Ca(OH);  muortar  showed  competitive
compressive sirength valyes, which show that as
the hydration of OPC proceeds the bagasse ash in
OPC-BA mortar have found free Ca{OH )y which is
similar to the one observed in OPC-BA-Ca(OH).
mortar. Since the strength difference between OPC-
BA und OPC-BA-Ca{OH); is very small, at this
percentage replacement of bapasse ash i.e. 15%, the
addition of Ca{OH); has very minor effect on the
reactivity of bagasse ash and makes practically no
difference cepecially at latter days.

Workability of concrete

Workability test results indicate that the slumps of
the concrete containing sugarcane bagasse ash have
shown a slight reduction as the bagasse ash content
increases (see Tahle 10). On the other hand, Table
& shows that the normal consistency of 1he hlended
pastes increase with increase of the bagasse ash,
This can be an indication that in order to gel a
certain slump, OPC-BA blended concrete needs
higher water content than a concrete with no
bagasse ash, The probable reason for this may be
the higher specific surface area of the bagasse ash
and its lower density resulting in a higher porosity,
which requires higher water demand. In order 1o
get similar slump for the control and OPC-BA
conereles, the waler content can be increased as the
bagasse ash content increases,

Table 10: Slump test results

Test Mix Replaced | WB | Observed
Mo | Designation apc Slump
(%) (mm)
1 BAD 0 0.55 35
2 BA S 3 0.56 35
3 BA 15 15 0.58 33
4 BA 25 25 0).60 32

Journal of EEA, Vol. 29, 2012
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Compressive and Flexural Strength of Concrete

The compressive strength of the concrete with 3%
bagasse ash have shown improvement over the
control concrete by about 3% at 28 days (see Table
11 and Fig 4). On the other hand BA 15 and BA
25, have shown a sirength reduction by about 3.4%
and 12.6%, respectively at the age of 28 days.

As can be sesn from Table 11, the compressive
strength of the OPC-BA  blended  concretes
decreases with an increase In the bagasse ash

contenl afler 5% replacement. The probable reason
for this is due to the high replacement of cement by
bapasse ash, thus redueing cement content of the
mixture which in turn results in reduction of the
hydration reaction. In addition to this the high
content of bagasse ash resulted in a higher water
requirement, making the water unavailable for the
hydration of the cement and thus reducing
hydration and compressive strength development

Table | 1: Averape compressive strength velues of conerete

Test | Mix Average compressive strength
Mo esignation 7 days 28 days 56 days
Load Strength Load Strength Load Strengih
(kM) (WN/mm™) (kM) (N'mm*) | (kN) Nfmm™}
| BA D 551.9 24.53 960, ] 42.67 1034.5 4598
2 BA S S80.0 25.78 10080 44 80 1141.9 48.97
—3 | BAIS 4830 | 2151 9075 ) 1006.6 44.74
4 BA 25 4338 | 1028 839.0 3729 922.7 41,01
| Compressive sirength of OPC-BA concrete I
| | |
‘ 50 [
o
FIE |
| Eso
| &
= | == BA O
| % ~i=BA 5
| &
@ 5 +BA 15
2 T 25
E BA
£ 20 '
| E
E
o | i
o {1 IFIITSHE . MESEE 1 e e e )
Q 7 14 21 28 a5 42 49 56 B3
Age (days)

Figure 4 Compressive strength of OPC-BA concrete
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As in the case of the mortar mix, the strength of the
OPC-BA concretes have slso shown increase in
getivity index for most of the mixes as the ape of
the specimen increased, For example the concrete
BA 15 (Lo the congrete with 15% bagassc ash),
had a strength activily index of 87.7% at 7 days
which increase 10 96.6% at 28 days and %7.3% at
56 days. The increase in strength can be attributed
partly 1o the presence of pozzolanic reaction
between the bagasse ash and the cement. Toble 12
below shows the strength activity index for all
concrete lest specimens.

Tabkle 12: Strength aclivity index of OPC-BA

Table 14: Resulis of the waler penetration depth

Lest
Test Mix Penetration depth (mm)
No | Designation Average Maximum
1 BAD 227 274
2 BAS 20.7 27.6
3 BA 15 23.5 29.2
4 Ba 235 24.8 34.8

concretes
Test i Age of specimen
No | Designation ™57gavs T 38 days | 56 days
| BAD 1000 1H.0 100.0
2 BAS 105.1 105.0 106.5
3 BA 13 87.7 96.6 97.3
4 BA 25 TH.6 K74 §9.2

The Nexural strength hias shown a reduction patiern
as the bagasse ash content of the concrele
increases. The average flexural strengths are
summarized in Table 13 below.

Table 13: Average Mlexural strength value of the

conereles
Averape exoral strenuth
Test Mix 7 days 28 days
Mo | Designation | Load | Flexural | Load | Flexural
(kM) | Strength | (kKN | Strength
(N/mm’) (N/mm?)
1 BAD 5.4 435 6.2 468
2 BAS 5.8 4.33 6.2 4.68
k) BA 15 5.1 3.83 ] 4.23
A BA 25 47 | 350 | 55 | 410

Water Permeability of OPC-BA Concrete

The results of the water pengtration test, i.e. the
average and maximum depths of water penetration,
showed some variation over the different types of
concrete specimens with different percentages of
bagasse ash, The average and maximum depth of
water penctration for cach of the mixes are
summarized and shown in Table 14,
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The average depth of water penetration varied from
20.7 to 24.8 mm for BA 5 and BA 25 mixcs,
respectively. The concrete with 5% bagasse ash
{BA 35) has shown some reduction on the average
depth of penetration over the control concrete.
However, the maximum depth of penetration for
this concrete is about the same with that of the
control mix (BA 0) and as the permeability of 2
conerele 15 not better than the weakest part of the
concrete, none of the concretes with bagasse ash
showed improvement on  permeability.  Since
permeahility is not so far a big concern for most
parts of Fthiopia, such a slight increment in
permeability values will not be a serious concern Lo
use sugarcane bagasse ash as a cement replacement
raterial.

Environmental Analysis

It has heen said earlier that the production of
cement has serious environmental and economical
concerns as comparcd Lo the other constituents of
conerete. In order to alleviate these problems of the
cement industry different methods have been
implemented specially in the developed countries.
One of these methods is the use of different cement
replacing materials which have lower cost of
production, Jower €0 emission, and reduced
encrgy  consumption  implying @ more
environmental friendly and economical material.

Rezearches reveal thal aboul one ton of CO» is
released for every ton of Poriland cement produced.
In addition to this, concrele consumes vast amounl
of natural resources such as aggregate. Replacing
the portion of Portland cement with bagasse ash
can reduce the environmental impact of conerele.
The most significant environmental factors are the
use of virgin material and CO; emissions. Using
bagnsse ash, which is a waste material, will save a
great deal of virgin material usage. Therefore, os
the production of bapasse ash requires only
transportation and grinding, environmental as well
as ceonomical benefits can be exploited by vsing it
especially in countries like Ethiopia, where
cxpanding sugar production capacily is one of the
sovernment major agenda,
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CONCLUSIONS

Based on the research work the following
conclusions are drawn:

l. The oxide composition test indicates that, the
bagasse ash from Wonji sugar factory can be
classified as class N pozzolana as preseribed
By ASTM C 618.

2. The replacement of QPC by bagasse ash up Lo
10% resulted in a better compressive sirength
than the control mortar with [00% OPC.
However, the replacement of PPC  with
bagasse ash resulied in 2 lower compressive
strength than the control mortar even at lower
replacement. Maoreover, all of the mortars
containing OPC and bagasse ash satisty the
ASTM C 618 minimum porzolanic aclivily

. index requirement i.c. 75%, = |

3. Higher replacements of cement by bugasse ¢sh
resulted fn higher normal consistency and
longer setting time. The workabilily of the
concrete has also shown a slight reduction as
the bagasse ash content increase.

4. The difference in the trend of strength
development of OPC-BA mortars (increasing
with apge for most of the mixes and having
improvement up to 10% replacement) and
PIMC-BA mortars (decreasing with age for most
of the mixes and having a lower compressive
strength than the control for all blended mixes)
proved the presence of pozzolanic reaclion.

5. The compressive sirength results of the
concrete with 5% ordinary Portland cement
replacement by bagasse ash have shown a 5%
compressive strength improvement at 28 days
over the control concrete mix, whereas the
15% and 25% replacements have shown 3.4%
and 12.6% reduction, respectively,

. ‘The water penclration depth increases os the
bagasse ash content of the concrete increases
and all the concretes with bagasse ash have a
maximum penetration depth greater than the
conirol specimen.

7. Since bapasse ash is a waste material, ils use as
u cement replacing material reduces the levels
of CO; emission by the cement industry and
also saves a great deal of virgin materials,
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RECOMMENDATIONS

In Ethiopia, even though the currenl construction
activity is signilicantly expanding, it is still in its
infant stage and needs much more effort in
understending thé use of alternative construction
materials, Therefore based on the findings of this

rescarch, the [ollowing recommendations  are
forwarded:

s

It has been shown in this study that sugarcanc
bagasse ash can be used as a parfial cement
replucement  material - with  technical  and
environmental benefits. Concermned
stakcholder, such as sugar industries, cemenl
industries  and relevant government
institutions, should be made aware aboul this
potential cement replacement  material and
promote its standardized production and usage,

The supar and cemenl factorles  in
collaboration with higher education institutions
in the country should work together and
catablish & research team to study further the
use of bagasse ash as a cement replacement
material.

This research focused on some of the basic
physical and chemical properties of Wonji
sugar factory bagasse ash as @ coment
replacement material, However, further studics
are required on the following issues.

s Effects of controlled burming of the
bagusse ot different temperature  and
holding time.

s Liffeets of different fineness of the hegasse
ash.

e Bagasse ash from different sources like,
Metahara, Finchaa and the upcoming new
sugar [actaries.

»  Determining the powzolanic reaction of the
hagasse ash using more advanced methods
such as  X-ray Dilfraction (XRD)}
Analysis, Thermal Analysis (TGA) and
Scanning Electron Microscopy (SEM),
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