www.czasopisma.pan.pl P N www.journals.pan.pl

=

Index 351733 DOI: 10.24425/ace.2022.140172

FACULTY OF CIVIL ENGINEERING
COMMITTEE FOR CIVIL AND WATER ENGINEERING

ISSN'1230-2945 Vo], LXVIII ISSUE 1 2022
© 2022. Rafiza Abd Razak, Yi Qin Chin, Mohd Mustafa Al Bakri Abdullah, Zarina Yahya, Mokhzani Khair Ishak, Sebastian

ARCHIVES OF CIVIL ENGINEERING

Garus, Marcin Nabialek, Warid Wazien Ahmad Zailani, Khairil Azman Masri, Andrei Victor Sandu, Agata Sliwa.pp. 353-363

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
License (CC BY-NC-ND 4.0, https://creativecommons.org/licenses/by-nc-nd/4.0/), which permits use, distribution, and reproduction @ ®®@
in any medium, provided that the Article is properly cited, the use is non-commercial, and no modifications or adaptations are made. BY _NC__ND

Research paper

Effect of Rice Straw Ash (RSA) as partially replacement
of cement toward fire resistance
of self-compacting concrete

Rafiza Abd Razak!, Yi Qin Chin?, Mohd Mustafa Al Bakri Abdullah?,
Zarina Yahya*, Mokhzani Khair Ishak®, Sebastian Garus®,
Marcin Nabialek’, Warid Wazien Ahmad Zailani®,

Khairil Azman Masri®, Andrei Victor Sandu'?, Agata Sliwa!!

Abstract: Malaysia’s construction industry is experiencing rapid growth, translating into increased
demand for cement. However, cement production pollutes the air to the detriment of the climate via
CO, emission, making research into a cementitious replacement in concrete a necessity. This paper
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details an experimental study of self-compacting concrete (SCC) with partial replacement of cement
by rice straw ash (RSA), which is expected to result in environmental preservation due to the green
materials being used in cement production. The physicomechanical properties of the SCC with RSA
replacement were determined via its compressive strength, water absorption, self-workability, and fire
resistance (residual strength after exposure to high temperatures). The proportion of RSA replacement
used were 0%, 5%, 10%, 15%, 20%, and 25%, and all passed the slump flow test, except the 20%
and 25% samples. The SCC samples with 15% of RSA replacement reported the highest compressive
strength at 7 and 28 curing days and the highest residual strength post-exposure to high temperatures.
The lowest percentage of water absorption was reported by the 15% of RSA replacement, with a density
of 2370 kg/m?

Keywords: self-compacting concrete (SCC), rice straw ash (RSA), fire resistance, high-strength con-
crete, construction material

1. Introduction

Concrete is one of the main components used in construction due to its high durability
and strength, although it is not without a few shortcomings [1]. Su et al. [2] detailed the
introduction of self-compacting concrete (SCC) in Japan in 1988, also known as a new
type of high-performance concrete (HPC) with excellent deformability and segregation
resistance. Moreover, SCC can be integrated into the formwork even amidst numerous
reinforcement bars due to its low weight [3]. The production of SCC is always associated
with the use of ordinary Portland cement (OPC) as binder. However, cement production
is perennially linked to CO, emission [4], which is harmful to the environment. One of
the methods commonly used to reduce the usage of OPC in concrete while improving the
properties of cementitious material is the partial replacement of cement using pozzolanic
material.

The particular focus of this research was on the partial use of rice straw ash instead
of fully OPC towards SCC. Rice straw can be categorized as agricultural waste material
and can be used as a pozzolanic material as it is 60-80% silica [5]. In Malaysia, the
production of rice volume is approximately 1.88 million metric tons. Since rice is a staple
food in Malaysia, thus the burning of paddy field will also contribute to abundant of rice
husk ash (RHA) and rice straw ash (RSA). The wide-ranging research has been carried
out on a number of supplementary materials, including rice husk ash, metakaolin ash,
sewage sludge ash, and palm shale oil. However, there are little research that focused on the
use of RSA. The RSA also meets the minimum requirement of ASTM C150 to be used as
a Portland cement replacement. According to El-Sayed & El-Samni, [6] and Agwa et al. [7],
materials which have high silica content are suitable to be used as a pozzolanic material to
replace ordinary Portland cement (OPC), as it improves the strength and durability of the
concrete.

The production of SCC based agricultural product has been widely researched. Re-
cently, study by Jamad et al. [8] indicate that wheat straw ash and bentonite clay additions
of up to 10% and 15% of the weight of the cement tend to improve the compressive and
split tensile strength of hardened SCC. Rahman et al. [9] have produce normal strength
SCC with incorporating up to 40% RHA as supplementary of cementing material. Apart
from that, silica fume (SF), ground granulated blast furnace slag (GGBS), and fly ash (FA)



www.czasopisma.pan.pl P N www.journals.pan.pl
Y
S~

EFFECT OF RICE STRAW ASH (RSA) AS PARTIALLY REPLACEMENT OF CEMENT . .. 355

are classified as pozzolanic material and are already used as replacements for cement in
the production of SCC [10]. Researches report agricultural wastes such as rice husk ash
(RHA) replacing the cement content in the SCC to maintain workability, but research on
partial replacement of cement by rice straw ash (RSA) on SCC is rarely reported. Studies
on RSA’s potentials and uses are limited [7]. According to Pandey and Kumar [11], since
RSA is cheaper than other mineral admixtures and has high pozzolan characteristics, it is
suitable for use as a partial substitution of OPC as it improves the properties of the concrete
produced.

On the other side, analysis of fire resistance towards building is crucial. Nguyen et
al. [12] stated that one of the significant hazards to buildings is fire. Fire resistance of
the concrete structure plays a vital role in keeping the people inside safe. In addition,
the properties of the concrete retained after a fire event are essential for recovery after
fire damage [13, 14]. Thus, research on heat-damaged RSA-SCC is the aim of this study
includes a component analyzing the physicomechanical properties of the RSA-SCC via
fire resistance.

2. Methodology

The raw materials used in SCC production are ordinary Portland cement (OPC), water,
superplasticizer, rice straw ash (RSA), and aggregate. Rice straw was collected from a paddy
field and burned in a furnace at 700°C for two hours, then sieved with a 75 pm siever [7].
The cement ratio to fine aggregate and coarse aggregate was set to 1:1.6:1.6, and the
water/cement ratio was set to 0.35% of cement. The size of the coarse aggregate used was
10 mm, while the size of the fine aggregate was 4.75 mm.

All the dry materials such as fine and coarse aggregate, cement, and RSA were mixed
in a mixer machine. After that, the superplasticizer (SP) and 60% water were added to the
concrete mix, and the mixture was stirred for ~ 3 minutes. The remaining water was then
added to the concrete mixer and stirred for ~ 5 minutes. After the concrete was mixed (fresh
mixture of concrete), a slump flow test was conducted by measuring the spread diameter,
as outlined in ASTM C1611 [15]. After the slump flow test was conducted, the concrete
was poured into a mold measuring 100 x 100 x 100 mm for casting. The total of 90 samples
have been prepared to cover all test required. Finally, all of the (cube) samples were fully
immersed in the water curing tank after being demolded/hardened until the day of the test.

The water absorption test was performed on the concrete cube samples at 28 days per
the ASTM C1403 [16]. The density test was also conducted simultaneously on the cured
concrete cube samples per ASTM C138 [17]. The compressive strength test was conducted
per ASTM C39 [18] using samples cured at 7 and 28 days and a Universal Testing Machine
(UTM). The fire resistance test was conducted per the BS 476 standard [19]. The residual
strength of SCC after being exposed to high temperatures was measured. All of the concrete
cube samples were tested for their residual strength post-exposure at 200°C, 400°C, and
600°C at a rate of 150°C/hr for 2 hours. The results are presented in individual bar graphs
of arithmetic mean of three samples.
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3. Results and discussion

3.1. Density test

Fig. 1 shows the density result of SCC at various percentage replacements of RSA.
The SCC with 25% of RSA replacement has the lowest density value relative to the other
samples, which is 2330 kg/m3, while the SCC with 5% of RSA replacement has the high-
est density (2390 kg/m?), per Fig. 1. The SCC with 10% and 15% of RSA replacement
have similar densities; 2370 kg/m?, confirming that the higher the replacement percent-
age of RSA, the lower the density of the SCC. Therefore, the density of RSA-SCC is
2330+2390 kg/m>. The increase of density with 5% replacement of RSA is evident in
Fig. 1, confirming that the density of SCC has been refined via the pozzolanic reaction of
RSA to form secondary hydration products, resulting in a denser concrete and improved
microstructure.

2420
2400

2380

2360
2340
2320
2300
2280

0% 5% 10% 15% 20% 25%

Density of concrete (kg/m?)

Percentage of Rice Straw Ash (RSA) replacement

Fig. 1. Density of SCC at different percentages of RSA replacement

3.2. Water absorption

Figure 2 shows the water absorption of SCC at various percentages of RSA in the OPC
cement. The SCC with 15% of RSA replacement reported the best performance, where

35

0% 5% 10% 15% 20% 25%
Percentage of Rice Straw Ash (RSA) Replacement

Water Absorption (%)
— S
—_— W 3] W w

=
[

Fig. 2. Percentage of water absorption of SCC with different percentages of RSA replacement
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it has the lowest percentage of water absorption at 1.43%, which is a reduction of 53%
relative to the control samples. The water absorption of SCC with RSA obtained from
this study has a lower percentage of water absorption than the control sample due to the
reduction in the preferred arrangement C—S—H crystal from the pozzolanic effect. Also,
RSA particles are believed to have filled the pores in the cement matrix, which minimizes
the water absorption capability of the samples [11].

3.3. Compressive strength

The compressive strength of SCC with different percentages of RSA replacement of
cement at the age of 7 days is shown in Fig. 3. The compressive strength of SCC between
0% and 5% of RSA replacement shows a significant increase (39.7%). The concrete cube
samples with 15% of RSA replacement of cement have the highest compressive strength
of 68.47 MPa. The compressive strength of SCC at 20% and 25% decreased to 67.93 MPa
and 67.6 MPa, respectively, showing that the replacement of cement with RSA performs
well in strength development at the highest replacement of 25% for 7 days of curing.

80
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0

0% 5% 10% 15% 20% 25%

Compressive Strength at 7days (MPa)

Percentage of Rice Straw Ash (RSA) Replacement

Fig. 3. Compressive strength of SCC with different percentages of RSA replacement
of cement at the age of 7 days

Fig. 4 shows the compressive strength of SCC with various percentages of RSA re-
placement of cement at 28 days of curing. It can be seen that the compressive strength of
SCC increases after the replacement of 5% of RSA in cement. The highest compressive
strength of SCC is the sample with 15% partial replacement of RSA, which is 73.4 MPa,
and it is 42.44% higher relative to that of the control sample. On the other hand, the com-
pressive strength of the concrete cube started to decrease at 20% replacement of RSA, per
the trend evident in Fig. 3. According to Elaty [21], the strength of the concrete will reach
its maximum at the age of 28 days. This is because the C—S—H gel will form via pozzolanic
reaction and hydration, and the RSA replacement in cement matrix-bound both materials
due to silica reaction, which directly increases concrete strength. Pandey & Kumar [20]
agree with this, as RSA is rich in silica, thus contributing to a highly pozzolanic reaction.
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Fig. 4. Compressive Strength of SCC with different percentages of RSA replacement
of cement at the age of 28 days

The hydration mechanism of self-compacting concrete (SCC) blended with pozzolanic
materials (RSA in this case) resulted in the pozzolanic reaction. The pozzolanic reaction
equation or second hydration equation is described by Eqn. 3.1, where the siliceous or
siliceous and aluminous material will chemically react with calcium hydroxide (Ca(OH);)
to form calcium silicate hydrated (C—S—H), possessing the cementing properties of SCC.
Siliceous material as partial cement replacement will enhance the properties and perfor-
mance of the SCC.

(3.1) AlyO3-2Si0; +5Ca(OH); + 19H,0 = CaO - 2Si0O; - H,O + AL, O3 - 4CaO - 19H,0

In this study, the pozzolanic reaction between the siliceous material of RSA and calcium
hydroxide with water significantly affects the SCC properties. The extent of the hydration
reaction of RSA led to the formation of C—S—H and the development of strength in the
concrete. The compressive strength of SCC increased after the replacement of 5% of RSA
in cement. RSA contains a high amount of silica, which reacts with calcium hydroxide
to form C—S—H. This reaction lowered the formation of Ca(OH), relative to the normal
hydration reaction of OPC. This resulted in the refinement of the pore microstructure of
the concrete, which decreased its water absorption, and increased the durability of SCC
containing RSA.

According to previous research, the best proportion for producing SCC by partial
replacement of RSA is 10%, resulting in samples with the highest strength at ages 3, 7,
and 28 days [7]. However, the results confirmed that a replacement of 15% would further
enhance the strength of the concrete produced. Fig. 5 shows examples of concrete cube
samples post-compression. The RSA and cement still bind the coarse and fine aggregates
at 15% RSA replacement; however, when the RSA percentage was increased to 25%, the
coarse and fine aggregates were not bound in the concrete cube sample insufficient cement
a substantial proportion. Thus, even though the RSA has the characteristic of pozzolan,
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meaning it can be used as a binder in concrete, it also requires optimum replacement of
RSA in concrete to achieve high strength.

Fig. 5. Crack pattern of concrete cube with 15% and 25% RSA replacement
after being compressed

3.4. Residual compressive strength after exposed to high temperature

Figure 6 shows the residual strength of SCC with various percentages of RSA replace-
ment of cement at 200°C, 400°C, and 600°C. It can be seen in Fig. 6 that the strength
development decreases when the temperature exposure increases. The SCC with 15% RSA
replacement has the highest compressive strength at all temperatures; 73.9 MPa, 62.3 MPa,
and 44.6 MPa at 200°C, 400°C, and 600°C, respectively. The residual strength of all sam-
ples with or without RSA replacement post-exposure to 200°C is slightly higher than the

80 72,4 73,9

70
59 58,6
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54.2
47,9 a3 446
29 34232,7
w i
0

200°C 400°C 600°C

66,5 65,9
61,461,9623

|3 I N Y B}
o o ©o o O

Residual Compressive Strength (MPa)

Temperature Exposure (L)

m 0% RSA ®5% RSA m10% RSA m15% RSA m20% m25% RSA

Fig. 6. Residual strength of SCC with different percentages of RSA replacement of cement
at different temperatures
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concrete cubes not exposed to high temperatures. This could be due to the water content in
SCC, which is much greater than the standard mix concrete and high w/c ratio, causing the
free water in the SCC to require more time to expand. Suitable temperature exposure will
accelerate the hydration process of cement in SCC, which resulted in increased concrete
strength [22,23]. The degradation of C—S—H in concrete decreased its strength when the
exposure temperatures were 400°C and 600°C due to the sudden loss of moisture at those
temperatures. However, the strength of RSA-SCC still exceeds that of the control sam-
ple post-exposure to 600°C. The 25% replacement of RSA reported the lowest strength is
(32.7 MPa). Fig. 7 shows the physical view of the concrete cube samples exposed to 200°C,
400°C, and 600°C, and it can be seen that the concrete cube sample is more yellowish and
sandier when exposed to higher temperatures.

400C. | 600

Fig. 7. Residual concrete cube sample with 25% RSA replacement
after exposed to elevated temperature

3.5. Self-compactibility of SCC

The slump flow test for SCC at various percentages of RSA in cement is shown in Fig. 8.
Most applications’ ideal slump flow diameter is 24-27 in (609—685 mm) [10]. Therefore,
all of the proportions with or without RSA replacement of cement were within acceptable
ranges. The SCC with 15% of RSA replacement has the highest slump flow diameter,
675 mm, while the SCC with 0% of RSA replacement has the lowest slump flow diameter.

690 §75
660
655
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645 650 I I 650
550 I I I I
0% 5% 10% 15% 20%

Percentage of Rice Straw Ash (RSA) Replacement

[~ -
|
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=Y
[}
o
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n
°
[S)

N
1
o

25%

— Limitation of SCC (ASTM C1611)

Fig. 8. Slump flow test result of SCC with different percentages of RSA replacement
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As shown in Fig. 9, the time taken for SCC to reach the 500 mm diameter in the test
T500 is longer when the proportion of RSA replacement increases. The SCC with 0-15%
RSA replacement of cement was within the acceptable range of 27 s. Simultaneously, the
SCC with 20% and 25% RSA replacement reported values of 7.43 s and 7.82 s, which
exceeds the acceptable range, but remains under the possible range, which could decrease
concrete placement time.

9
7.82
8 7.43
6.65
7 T
576 5.75 6.43
6
5
4
3
2
1
0

0% 5% 10% 15% 20% 25%
Percentage of Rice Straw Ash (RSA) Replacement
= Limitation of SCC (ASTM C1611)

T500 (sec)

Fig. 9. T500 test result of SCC with different percentages of RSA replacement

The RSA with 15% replacement of cement is the optimum percentage in producing
SCC. Agwaetal. [7,24] posited that the optimum percentage of RSA replacement of cement
in SCC is 10%, which meets the maximum and minimum requirement in the slump flow
test and T500 test based on ERNARC 2002 standard, respectively. Pandey and Kumar [20]
reported that the optimum percentage of RSA used to produce Pavement Quality Concrete
(PQC) is 10%. There is a significant improvement in this research, where the proportion
of RSA replacement has been increased from 10% to 15% for best performance.

4. Conclusion

The objectives of this research to investigate the performance of RSA-SCC towards
fire resistance were met. The SCC workability test, such as a slump flow test (T500),
water absorption test, density test, compressive strength test, and residual strength of SCC
post-exposure to elevated temperature was performed, and the optimum percentage of
RSA-SCC replacement was determined.

1. The SCC with 15% of RSA replacement of cement has the highest compressive
strength relative to other proportions for 7 and 28 days. The SCC with 15% of RSA
can also be regarded as a high-strength concrete since its strength exceeded 50MPa,
which is in line with the ACI 363R standard.

2. All the SCC samples reported a slight increase in compressive strength post-exposure
t0 200°C. The SCC of 15% RSA replacement has the highest residual strength relative
to other proportions; 73.9MPa.
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3. All of the SCC with or without the replacement of RSA fulfilled the requirement
as an SCC, except for SCC with RSAs 20% and 25%. The SCC with 15% RSA
replacement was the best proportion of workability in SCC and minimized the
proportion of cement used.

4. All of the SCC samples with RSA replacement have a lower percentage of water

(1]

(2]

(4]

(5]

(6]

(71

(8]

(91

[10]

[11]

[12]

[13]

[14]

absorption relative to the control samples. The SCC with 15% of RSA replacement
reported the lowest water absorption percentage (1.43%), at an average density of
2370 kg/m>.
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