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Application of Cane Ash on Compressive
Strength of Soil Uncovered to MgSO,
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Abstract: 74 unconfined compressive strength tests (UCS) were
conducted to examine effect of the Sugarcane Bagasse ash
(SCBA) on compressive behavior of clay stabilized with cement,
mixed with various cane ash contents, when uncovered to
magnesium sulphate (MgSO,). The analysis showed an
enhancement in the range of 10% to 35% for control specimens
and an enhancement of 60% to 180% for magnesium sulfate
exposed specimens. Scanning electron microscopic (SEM)
analysis also showed interaction of clay and cement particles with
sulphate confirming the results in the laboratory.
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I. INTRODUCTION

Population rate is growing rapidly throughout the world, and
urbanization is expanding on weak soils that require
enhancements. There have been many studies on soil
properties (Al-Rkaby et al. 2016) .The problematic soils
usually containing a high amount of clays, sediments, and
peats (Chegenizadeh et al. 2018; Mohamad et al 2016). Usage
of geo-grid, by-product and fibres in soil studied in many
research (Chegenizadeh and Nikraz 2011a; 2011b, 2011c;
2012; Sabbar et al. 2017; Al-Rkaby et al. 2017; Hasan et al.
2015)

Magnesium sulfate attack occurs when the sulfate
component devastates the hydration products that causes a
reduction in strength and solidness of the soil containing
cement. There are various types of chemical naturally in the
environment, however, the magnesium sulfate is the most
harmful to soils that containing cement mixtures (Kalipcilar et
al. 2016). Snedker and Temporal (1990) indicated that a road
showed 150mm elevation, which was due to exposure to
about 0.4% sulfates. Further than that, there is another
example when transverse bumps were recorded on street
asphalt due to the development of sulphate inside the cement
stabilized base course (Rollings et al. 1999).

In theory, hydrated products can have massive interactions
with MgSQ,. The main products that are shaped due to these
interactions are gypsum and magnesium hydroxide (MH)
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(Chegenizadeh et al. 2017; Collepardi 2003; Pye and
Schiavon 1989; Damidot et al. 1992). Equation (1) shows
these interactions;

CH+ MS+ 2H - CSH,+ MH (1)

As result of converting calcium hydroxide to gypsum,
cement get softened and its strength reduces. The generated
gypsum interacts with aluminates products such as 3CSH or
with its hydrated form known as mono-sulfate impacting
ettringites arrangements and generates bundles of stretched
fibers which causes some unusual expansion which is known
as sulphate attack. Equation (2) shows the mentioned
interactions;

C3A + 3CSH, + 26H — C5A(CS)3H; )

The main issue of this interaction is reducing the calcium
hydroxide generation which causes reduction of the alkalinity.
Generation of brucite increase of the mentioned reduction in
pH. Furthermore, as the brucite’s has an insoluble nature, the
reduction of calcium hydroxide generation is increased
(Chegenizadeh et al. 2020; Chegenizadeh et al. 2017
Gruyaert et al. 2012; Anagnostopoulos 2007; Mangat and
El-Khatib 1992). This interaction amongst magnesium sulfate
and calcium hydroxide continues until a complete evacuation
of CSH and reduction of the pH is happened. Reduction of pH
as well as CSH, as the essential hydration component of the
strength in cement, discharges the existing calcium and
substitutes by the magnesium. This process is known as
declassification which produces a non-cementitious material
known as magnesium silicate hydrate (MSH) subsequently
(Chegenizadeh et al 2018; lIrassar et al. 2000). As CSH
reduces and MSH increases, the cement glue is diminished
(Keramatikerman et al. 2018; 2017a; 2017b; Pacheco-Torgal
and Jalali 2009; Dent 1986)

This research is in continuation of a collaborative project
on application of bagasse ash in improvement of sulphate
magnesium contaminated soil between Arup Australia and
Curtin University (Mikhail et al. 2020; Keramatikerman et al.
2019). In addition, the paper has been continuation of
research project of first author.
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Il. USED MATERIALS

The utilised cane ash in this study obtained from MSF
Sugar, a manufacturer in Innisfail in North Queensland. The
properties of utilized PC and clay as of now given in previous
research (Mikhail et al. 2020).

I11. SAMPLE PREPARATION

The UCS testing is the main geotechnical testing is utilized
to assess compressive strength of the soil. In this test, a stress
strain curve is generating for each sample which the peak
point shows the highest amount of compressive strength value
(Chegenizadeh et al. 2017).

Clay, cement and bagasse ash were completely mixed in
dry mode, and then water was included to the blend until a
homogenous mixture achieved. the added water for each
mixture was based on the optimum moisture content (OMC)
achieved from compaction test (Mikhail et al. 2020). Each
mixture was cast into a mould with 43mm Diameter and
83mm height and compacted. Fig. 1 shows prepared
specimens after curing time. The specimens were cured for 7,
14 and 28 days in a proper environment as recommended by
Chegenizadeh et al. (2017). After passing curing periods
samples were placed in MgSO, basin, with a solution
recommended by Chegenizadeh et al. (2017). Fig. 2 shows
submerged specimens in a magnesium sulphate basin.

Fig. 1 Prepared UCS specimens before testing

Fig 2. Specimens submerged in a magnesium sulphate
basin
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IV. TESTING PROGRAM AND METHODOLOGY

A UCS device with up to 10 kN compressive capacity was
utilized to perform the tests in accordance with Australian
Standard. A compression rate of 1 mm/min was employed
according to Chegenizadeh et al. (2020) on 74 exposed and
control specimens. Fig. 3 shows the UTM-14 machine
employed in this study with a smashed sample. Also, Table 1
shows the testing pro_gliT utilized to conduct the tests.

TABLE 1:
LABORATORY TESTING PROGRAM

ID Cement (%) Bagasse ash (%)
K - -
3PC 3 -
5PC 5 -
7PC 7 -
3PC-5BA 3 5
5PC-5BA 5 5
7PC-5BA 7 5
3PC-10BA 3 10
5PC-10BA 5 10
7PC-10BA 7 10
3PC-15BA 3 15
5PC-15BA 5 15
7PC-15BA 7 15

185

V. RESULTS AND DISCUSSION

A standard formula was used as recommended by prior
researchers (Chegenizadeh et al. 2017) to assess the
improvements. To compare the peak UCS values of the
bagasse ash added specimens in benchmark and after sulphate
attack the equation used in Chegenizadeh et al. (2016) was
utilized.
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A. Effect of bagasse ash after 7 Days 5 0.67 8.1 0.82 12.3 1.28 255
The UCS results for MgSO, exposed specimens showed 10 0.71 145 0.89 21.9 1.34 31.4
more improvement after addition of the bagasse ash. This 15 0.87 403 117 60.3 141 38.2

changes 101.3% for the 5PC-15BA comes about with a peak
UCS value of 0.54 MPa. In comparison, 1.17 MPa q, was

: TABLE 3
recorded for unexposed 5PC-15BA sample. In fact, exposing
specimens to MgSO, reduced the strength however, at the EXPOSED UCS VALUES AFTER 7-DAY CURING
same time, this increases the pozzolanic responses rate within SCBA % 3PC 5PC 7PC
the mixture having a higher exchange rate of calcium ’ qu(MPa) Imp (%) qu(MPa) Imp (%) qu(MPa) Imp (%)
hydroxide through the soil to produce CSH and letting the -
bagasse ash particles to show their pozzolanic properties 0 Diss ; 027 ; 040
(Sargent 2015). The design is clearer when the comes about 5 0.16 - 0.32 18.5 0.44 8.3
are charted as can be seen underneath in both Fig 4 and Fig. 5. 10 0.28 - 0.38 43.4 0.64 58.3
Amid the drenching handle within the magnesium sulfate 15 0.46 . 054 1013 075 85

arrangement, the 3% PC example was totally broken down as
appeared on Fig. 6, in this manner, a rate enhancement was
not calculated for the remaining 3PC examples hence
anticipating a comparison between the examples. Table 2 and
Table 3 show the rate of improvements.

By comparing both figures, it can be seen that the comes
about are steady all through the testing. Moreover, the comes
about show an upward drift particularly with 15%SCBA.
Additionally, one thing is obvious which is the more extreme

2 bends of Fig. 5 in comparison to Fig. 4 which illustrates the
viability of bagasse ash against the magnesium sulfate.
15
g
2,
2]
[
=
05
—8—3pC —#—5PC —W—7PC
D T T T T
0 20

10
SCBA content (%)

Fig. 4 Compressive strength tests for control specimens
after 7-day curing

Fig. 6 Dissolved specimen after exposing to the
concentration

—8—3pC —4—5pCc —E—7PC

B. Effect of bagasse ash after 14 Days

15 A The results in this section fortifies the idea that the
pozzolanic responses within the soil increases by addition of
bagasse ash causing improvement of the compressive
strength. The improvement was in the range of 10% to 35%
for the unexposed examples where the highest percentage was
specimens with 3% cement and 15% bagasse ash specimen
with a g, of around 1.62 MPa.

035 2 Once more, the uncovered examples appeared a more
noteworthy enhancement than the unexposed examples in
most of the cases, as can be seen in Table 5 as well as in Fig. 7

ucs, (MPa)
=

o . . . and Fig. 8.
10 15 20 Investigation of the figures showed that the sample
SCBA content (%) uncovered to MgSO, were significantly more extreme. This is
Fig. 5 Compressive strength tests for exposed specimens  often due to the tall rate of advancement extending from 15%
after 7-day curing to a 138% for the uncovered examples. The 138% was the
Table 2 most elevated recorded at this point and was as a result of an
CONTROL UCS VALUES AFTER 7-Day CURING increment in quality from 0.21 MPa to 0.5 MPa. Table 4 and
3PC 5PC 7PC Table 5 show results of control and exposed specimens tested
. .
AT M) 00 auMP) e quMpa) mp g e L4 days of curing.

0 0.62 - 0.73 - 1.02
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Bagasse ash is known as a pozzolanic material. The main 2
characteristic of a pozzolanic material when mixing with & 3PC —4—5SPC —B—TFC
Portland cement (PC) is to increase the strength of the sample
during the time. This enhancement increases up to a specific 15 4
time and then become constant. The increase in strength of the
samples were recorded in 7, 14, and 28 days. =)
(=9
2
Z
v
L]
3
15 -
0.5
g
2 .
5 D T T T T
> 0 10 20
SCBA content (%)
051 Fig. 8 Exposed compressive strength specimens after
14-day curing
—%—3pC —e—5PC —E—7PC
D T T T
0 15 20

10
SCBA content (%)

Fig. 7 Compressive strength of control specimens with
14-day curing

TABLE 4
UNEXPOSED UCS VALUES AFTER A 14 DAY CURING PERIOD
3PC 5PC 7PC
SCBA %
du (MPa) Imp (%) du (MPa) Imp (%) du (MPa) Imp (%)
0 0.74 - 0.79 - 1.28
5 0.81 10.00 0.95 20.25 1.44 12.50
10 0.91 23.64 1.11 40.51 1.55 21.09
15 1.00 35.45 1.35 70.9 1.62 26.56
TABLE 5
EXPOSED UCS VALUES AFTER A 14 DAY CURING PERIOD
3PC 5PC 7PC
SCBA %
du (MPa) Imp (%) du (MPa) Imp (%) du (MPa) Imp (%)
0 0.21 - 0.48 - 0.55 -
5 0.29 38.10 0.55 14.58 0.67 21.82
10 0.36 71.43 0.62 29.17 0.83 50.91
15 0.5 138.10 0.78 62.50 1.02 85.45

C. Effect of bagasse ash after 28-Days of Curing

The outcome of 28-day curing shows higher positive
changes as can be seen in Fig. 9 and 10. The achieved UCS
values for the unexposed sample was around the 7% to 30%.
In addition, the exposed examples shown higher rate of
improvement from 17.4% to 184%. This fact could be seen in
Table 6 and Table 7. Fig. 9 and Fig. 10 shows UCS testing
before and after sulfate attack and after 28 days curing time.

from being watched for these comes about. Soak bends can be
perceived from Table 8 whereas Fig. 7 has more level bends
which is reliable with the 14-day comes about that shown the
same drift.

Also, it appears that all the examples appeared a steady
slant all through and shown changes which are unmistakable
on all the charts. These enhancements appeared to be within
However once more, the charts down underneath appearan o axtend of roughly 10-35% for unexposed examples

increment within the crest UCS values with the increment in-—hereas uncovered examples extended generally from 60% to
SCBA and advance fortifying this hypothesis. In spite of the 1404

fact that, another example broken up amid the dousing period
which brought about in a plunge for the 5PC bend in as
appeared in Fig 9, this did not anticipate the same slant
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Fig. Compressive strength for unexposed specimens after

Fig. 9 Compressive strength values for exposed specimens .
28-day curing

after 28-day curing

TABLE 6 UNEXPOSED SPECIMENS AFTER 28 DAY CURING

3PC 5PC 7PC
SCBA %
qu (MPa) Imp (%) qu (MPa) Imp (%) u (MPa) Imp (%)
0 0.83 - 11 - 1.3 -
5 0.97 16.87 1.18 7.27 1.42 9.23
10 1.01 21.69 1.25 13.64 1.58 21.54
15 1.06 27.71 1.43 30.00 1.64 26.15
TABLE 7 EXPOSED SPECIMENS AFTER 28 DAY CURING
3PC 5PC 7PC
SCBA %
qu (MPa) Imp (%) 0u (MPa) Imp (%) qu (MPa) Imp (%)
0 0.26 - 0.61 - 0.69 -
5 0.33 26.9 0.7 14.8 0.81 17.4
10 0.42 61.5 0.84 37.7 0.99 435
15 0.66 153.8 0.95 55.7 112 62.3
D. Effect of Curing Time z
Fig. 11 and Fig. 12 shows the impact of bagasse ash SPe-saa SPC-10BA SFC-sBA
addition and curing time on change of the UCS values. As
appeared, the crest UCS comes about expanded with an 137
increment within the curing time. An indistinguishable drift -
was watched for the remaining bagasse ash compositions and S
for the exposed specimens, however with a lower UCS value. - 11
This increment is once more credited to the nature of the 5
interactions happen and the generation of hydration products,
subsequently, shaping more ties between the soil and the 0.5 1
bagasse ash particles (Keramatikerman et al.; 2018c;
Horpibulsuk et al. Morsy et al. 2011; 2010).
D T T T T T

10 15 20 25 30
Curing time (day)

Fig.11 Unexposed specimens containing 3% PC mixed
with 5, 10 and 15% bagasse ash
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Fig. 12 Exposed specimens containing 3% PC mixed with
5, 10 and 15% bagasse ash

E. Microstructural Analysis

The tests were performed on the 7% PC blended 15%
bagasse ash samples to supply an arrangement of tall
amplification pictures, earlier to and after presentation to
MgSO, arrangement.

From Fig. 13, which appears the comes about between the
tests at 150x amplification, Essentially, with the amplification
expanded to 3000x, as seen in Fig. 14 underneath, itisn't clear
sufficient to perceive any microstructural intelligent or
obvious contrasts between the two tests. As seen, era of the
hydration items and arrangement of the concave is clear in
higher amplification pictures which can be ascribed to
expanding and diminishment of the UCS values in uncovered
and unexposed examples separately.

Generation of the hydration products can are apparent in
both uncovered specimens. Also, formation of the depression
on exposed samples can be seen from the exposed figures as
shown in the below figures.
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(b)
Fig. 13 SEM for 7PC-15BA for (a) unexposed specimen; (b)
exposed specimen at a lower zooming
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Fig. 14 SEM analysis for 7PC-15BA for (a) unexposed
specimen; (b) exposed
specimen at higher zooming
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VI. CONCLUSIONS

Below results can be concluded from the conducted study
on effect of bagasse ash on improvement of the acid sulphate
contaminated soils.

Magnesium sulfate uncovered examples shown a
noteworthy rate increment extending up to almost
154%, exhibiting that an increment within the SCBA
of the blend can be viable in expanding the UCS
quality after presentation to sulfate.

Increasing cement content, bagasse ash, and curing
periods are effective to improve compressive strength
of soil

The SEM investigation given as a supporting prove for
arrangement of the CSH items in unexposed tests and
forming concave and discouragements in uncovered
examples.

Bagasse ash is a useful byproduct and its application is
recommended as a pozzolanic product along with the
cement to improve the compressive strength of soil.

The consider appeared that expansion of sugarcane bagasse
cinder can emphatically influence the compressive quality of
the tried tests and its application is prescribed.
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