IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS

Mechanical and Durability Properties of High Strength High Performance
Concrete Incorporating Rice Husk Ash

To cite this article: Syamsul Bahri et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 536 012028

View the article online for updates and enhancements.

This content was downloaded from IP address 221.226.175.204 on 15/10/2019 at 02:03


https://doi.org/10.1088/1757-899X/536/1/012028

International Conference on Science and Innovated Engineering (I-COSINE) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 536 (2019) 012028 doi:10.1088/1757-899X/536/1/012028

Mechanical and Durability Properties of High Strength High
Performance Concrete Incorporating Rice Husk Ash

Syamsul Bahri**, H.B Mahmud®, Payam Shafigh¢, Edi Majuar®

*Department of Civil Engineering, Politeknik Negeri Lhokseumawe, Lhokseumawe,
Indonesia

b Department of Civil Engineering, Faculty of Engineering, University of Malaya,
50603 Kuala Lumpur, Malaysia

‘Dept of Building Surveying, Faculty Of Built Environment, University of Malaya,
50603Kuala Lumpur, Malaysia

Email: Syamsul bahri@pnl.ac.id

Abstract. Nowadays, more infrastructure projects require concrete to have a high durability in
addition to high strength. High strength high performance concrete (HSHPC) was developed to
solve those problems. The weaknesses of HSHPC are high cost of constituent material such as
silica fume which is mostly used as supplementary cementitious material (SCM), high cement
content at low w/b, low workability and the need of specific curing regime. This research
utilized rice husk ash (RHA) as the local waste material as an alternative to silica fume (SF).
Five mixes of OPC concrete, 10%, 15% and 20% partial cement replacement by RHA, and
10% partial cement replacement by SF were chosen. The water/cementitious ratio adopted was
0.25 and the total cementitious materials content was 550 kg/m3. The mixing method adopted
was the two-step mixing method. In addition to the development of compressive strength,
workability, modulus of elasticity and the residue of compressive strength of concrete
experienced immerse in 5% solution of magnesium sulphate were also reported. The specimens
were cured and tested at 1, 3, 7, 28 and 56 days. Results show that concrete incorporating rice
husk ash as 10% partial cement replacement and crushed granite as coarse aggregate with
maximum size of 19 mm can achieve compressive strength as high as 110 MPa at 28 days
under water curing regime. The HSHPC incorporating 10% RHA showed better overall
performance than the HSHPC containing 10% silica fume and the control OPC.

1. Introduction

High strength concrete (HSC) is defined as a mix having cement content higher than 400 kg/m3
and its compressive strength at 28 days of greater than 50 MPa[1]. Furthermore, Jeenu at al. [2]
mentioned high strength high performance concrete (HSHPC) as concrete being utilized the full
potential of the raw materials to produce an ecological concrete that not only has a high compressive
strength but also has a good workability and durability. Such concrete needs additional material to
improve the microstructure of regular concrete which leave the pores when hydration of cement and
water occurred. Pozzolanic material such as silica fume, slag, fly ash and rice husk ash can make
concrete denser as these materials react with CaOH of hydrated cement to produce another CSH and
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create concrete denser. Silica fume is more favorable than others, but it is expensive compared to
cement. Fly ash is the cheapest one but it reacted slowly, and its concrete has less strength than others.
Rice husk ash (RHA) is a pozzolanic material because of containing reactive amorphous silica when
proper combustion process conducted. There are a lot of raw material in paddy growing countries, -
rice husk. In 2013, 745 million metric tons of paddy rice were produced annually worldwide [3] and
20% of that constituted rice husk. By properly burning rice husk and grinding the ash, it can be used
as a mineral admixture in concrete production [4]. A high quality of RHA can be produced by burning
rice husk under controlled temperatures of less than 700 °C [4][5]. This type of RHA has high
amorphous silica, low loss on ignition (LOI) and high SiO, content.

Mahmud et al. [6]showed that optimum strength of concrete achieved when 15% RHA used as
addition to concrete When it was used as cement replacement, 5% RHA of total binder could improve
mechanical properties. Cordiero et al. [7] utilized ultrafine RHA particle size of 3 um and reported that
20% replacement of cement with RHA produced higher mechanical and durability properties
compared to that of control concrete. Even with low amorphous silica content, Rego et al. [8] reported
that residual RHA proved to be suitable mineral addition for cements. Chatveera and Lertwattanaruk
[9] used RHA with particle size of less than 12 pm and cement replacement up to 20%. It was
improved the compressive strength and durability properties of concrete. Chopra et al [10] also
reported in self-compacted concrete that the utilization of RHA up to 20% as partial replacement to
cement improved the strength and durability properties. Even black RHA with particle size of 12 um
could be used to produce HSC of grade 80, especially at 5% replacement (Mahmud,[11]).

Sulfate attacks concrete in a progressive way and changes its internal microstructure (Marchand, et
al., [12]). This process has direct consequences on the engineering properties of the material such as
swelling, spalling and cracking. Bolla, et al. [13] used RHA in concrete as a supplementary
cementitious material and tested RHA as an alternative to OPC concrete. The cement has been
replaced by rice husk ash in the range of 0%, 5%, 10%, 15%, and 20% by weight of cement and then
concrete immersed in MgSO4 solution. The result indicates that the RHA improves concrete
durability. Bahri, et al. [14] utilized black and grey RHA for replacing 20% of cement weight with
RHA and found the RHA concrete improved in mechanical and permeability properties of the
concrete.

The aim of this study is to investigate the effectiveness of using RHA on the engineering properties
of HSHPC. As mention earlier, most researchers used the average particle sizes of ashes were less
than that of cement. This study used the average particles of ashes were coarser than that of previous
studies, 3 um [8] and 10 pm [10]. The average particle sizes of RHA were about 13 um. Ordinary
Portland cement Type I was partially replaced with 10, 15 and 20% of RHA and 10% of SF. This
paper presents workability, compressive strength, modulus of elasticity, and the residue of
compressive strength when concrete experienced wet and dry cycling. The results of the study would
be good information to the concrete industry for applications of RHA in HSHPC.

2. Materials and Method

Ordinary Portland cement (OPC) used was type I conforming to ASTM (CEM 42.5) and its
average particle size was 20 um. The rice husk was received from the rice mills in Kuala Selangor,
Malaysia. Meanwhile, RHA (Fig. 1 (a)) was produced from combustion in a Ferro cement furnace in
the laboratory with peak temperature below 700°C.When rice husk are heated from 100 to 600°C, the
organic matter like cellulose, lignin etc. decomposes into carbon[15]. RHA were ground using Los
Angeles (LA) machine using 40 steel bars of 10.5 kg as abrasive weight and rotating drum for 30,000
cycles lasting 16 h. The average particle size of the RHA was 13 pm after grinding (Fig. 1 (b)).

The chemical characteristic of OPC and RHA were performed by XRF and LOI analysis.
Chemical compositions of cement and the RHA are presented in Table 1. It can be seen in this table
that SiO, content of RHA 85.76% and LOI percentages of RHA 4.05%. Based on ASTM C 618,
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RHA can be classified as pozzolanic material due to its LOI content lower than 12% and silica content
greater than 65%.

(a) (b)
Figure 1. (a) RHA before grinding (b) RHA after grinding

Table 1. Chemical properties of OPC and RHA

Chemical composition (%) OPC RHA
Magnesium oxide (MgO) 2.06 0.81
Aluminum oxide (Al203) 5.60 0.25
Silicon dioxide (SiOz2) 21.28 85.76
Sulfate (SO3) 2.14 0.31
Calcium oxide (CaO) 64.64 0.74
Iron oxide (Fe203) 3.38 1.15

Loss on Ignition (LOI) 0.60 4.05

The amorphousness of silica in RHA was checked through XRD analysis. The XRD of RHA in
Fig.2 shows that the diffracto-gram of those ashes in broad hump centered around a 20 angle of 22°,
indicating that both ashes is amorphous. The crystalline silica on RHA was possible due to the
impurities of the ashes. It was collected from an open discharge in the rice mill yard, which may be
subjected to some minor contamination from soil ground. However, Chopra et al.[15]also reported that
the silica was predominantly in amorphous form but if incineration temperatures up to 700 °C, some
cristobalite existed in RHA.
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Figure 2. The XRD of RHA

Fine and coarse aggregates used were mining sand and crushed granite with a maximum grain size
of 4.75 mm and 19 mm, respectively. The specific gravity of the fine and coarse aggregate was 2.84
and 2.66, respectively.
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Water was from water pipe in UM concrete laboratory which free from contamination and was
used in all the mixes. The type of superplasticizer used was polycarboxylate either polymer with 40%
solid content by mass and was supplied by BASF Sdn. Bhd.

2.1. Mix proportions of concrete mixes

Table 2 shows the mix proportions of concrete mixes incorporating RHA and SF. The control
concrete was designed to achieve compressive strength of 100MPa at 28 days based on trial error and
absolute volume method. Two step mixing method for mixing concrete was adopted as first step
preparing mortar then second step was introduced coarse aggregate. Slump values for all the mixes
were designed in the range of 180-200 mm slump. The mixtures contained constant water/binder
(w/b) ratio of 0.25 and total binder content of 550 kg/m>. The percentages of cement replacement by
RHA were0%, 10%, 15% and20% and SF was10%.

Table 2. Mix proportions of HSHPC (kg/m?®)

Coarse Fine Sp
Mix ID OPC RHA SF Agg. Agg.  Water (I/m’)
Control 550 0.0 0.0 1050 702 1375 2,38
RHA-10 495 55 0 1050 690  137.5 3,49
RHA-15 468 82,5 0 1050 685 1375 3.93
RHA-20 440 110 0 1050 681  137.5 4.15
SF-10 495 0 33 1050 695 1375 3,13

2.2. Experimental procedures

The workability of the fresh concretes was measured using a slump test based on BS 1881-102.
The slump test was conducted directly before fresh concrete was placed into the molds. To prevent
water evaporation from specimens after placement, the specimens were covered with polyethylene
sheet. After 24 hours, the concrete molds were dismantled, and the specimens were placed in a water
curing tank. For compressive strength test, concrete cubes of 100 x 100 x 100 mm were casted based
on BS 1881-116. For splitting tensile strength and modulus of elasticity, concrete cylinders of 100
mm x 200 mm and 150 x 300 mm dimension were used based on BS 1881-117 and BS 1881-12,
respectively.

The durability test for concrete was conducted through acceleration test with using 5% solution of
magnesium sulphate (MgSQO4). The specimen of cube 100x100x100 mm was immersed with the
solution for 7 days and then dried for 7 days called as cycle 1. It was conducted for 3 cycles and each
end of cycles 3 specimens was tested its compressive strength.

3. Results and Discussion

3.1. Effect of RHA and Silica fume on workability of fresh concrete

Figure 3 shows the comparing dosage of superplasticizer (SP) used in each mix proportions to OPC
concrete. The workability of a concrete mix is provided by the paste, which fills the voids between
aggregates. The paste acts as a lubricant that reduces internal friction between aggregates while
increasing workability [16]. However, RHA concrete needed a certain amount of SP dosage to
achieve similar workability to that of fresh OPC concrete. As can be seen in Fig. 3, fresh RHA
concrete need more dosage of SP to achieve similar workability. RHA has higher surface areas and
high pores inside particles of RHA therefore it needs more water to wet the surface. The available
mixing water was reduced, and it affected the workability of fresh RHA concrete. Thus, mixtures
containing RHA and SF required additional dosage of SP to achieve the targeted slump value
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compared to that of OPC concrete. The more percentages RHA involved the more SP dosage needed.
It was shown that dosage SP of RHA-10 need only 1.65 times than that of OPC concrete but dosage of
SP of RHA-20 needed more 2.19 times than that of OPC concrete. However, the dosage of SF-10
need less dosage SP compared to that of RHA-10, only 1.25 times. It could be due to the silica fume
has less pores inside so that it did not absorb water like RHA. To achieve good workability is very
important goal in RHA concrete and it ensured appropriate dispersion of the fine particles and proper
migration of them into the interface transition zone (ITZ) of concrete [17].
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Figure 3. The comparing SP dosages of RHA and SF concretes to that of OPC concrete
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3.2. Effect of RHA and SF on compressive strength of concretes

Figure 4 shows developments of the compressive strength of RHA, SF and OPC concretes. The 1
day strength of the RHA-10, RHA-15, RHA-20, SF-10 and OPC concretes was 54, 48,7, 35,7, 51,2
and 73,5 MPa, respectively. It is an interesting phenomenon that concrete containing RHA and SF
exhibited lower compressive strength at early age compared to that of OPC. Those concretes have less
cement content as they were replacement by RHA and SF. The RHA and SF will react with CaOH of
hydrated cement to form another CSH. However, mostly those ashes reacted after 3 days onward
depended how much the ashes used. The delayed setting time of the paste significantly affected the
mechanical properties at early ages [18]. As mention earlier, the RHA and SF concrete needed more
superplastic than the OPC concrete so that the excessive dosage of SP in RHA and SF affected its
early compressive strength.
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Figure 4. Development of compressive strength of concretes

It can be seen from figure 8 that RHA-15 showed the compressive strength developed after 56
days. However, RHA-20 showed less developed than other RHA concrete. It means that replacement
15% cement with RHA is the optimum partial replacement. Other researcher showed that the 20%
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replacement cement with RHA was the optimum. It could be true for the concrete below 60 MPa as it
can be produced with higher ratio of w/c.

From fig.4, the improvement in strength occurred in the RHA and SF concrete at later ages.
Tangapasit et al. [19] reported that the finer particle size of pozzolan material could improve the
packing effect of the material. Scrivener et al. [20] pointed out that the particle size of supplementary
cementitious material should be less than the particle size of cement in order to improve ITZ of
concrete. The 28-day compressive strength of the RHA-10, RHA-15, RHA-20 and SF-10 concrete
were 113.2, 106.4, 86,4 and 110MPa, respectively. The significant improvement in the RHA and SF
concrete could be related to the pozzolanic reaction of RHA and SF with Ca(OH), which was released
from hydration of cement. Therefore, more calcium silicate hydrate (CSH) was produced. This
process filled in the pore system, making RHA and SF concrete more homogeneous and denser than
the control concrete [21].

3.3. Effect of RHA and SF on modulus of elasticity of concretes

The static modulus of elasticity of the hardened cement paste and the aggregate in HSHPC is
different than that of normal concrete. The behavior of HSHPC was more monolithic and the strength
of the aggregate matrix interface was higher. Therefore, there is less bond micro cracking in HSHPC.
The linear part of stress-strain curve could achieve as high as 85% of the failure stress in HSHPC
concrete [22].

Table 3. Static modulus of elasticity
Static modulus of elasticity E (GPa)

Mix ID
7d 28d 91d
OPC 36.0 39.6 45.8
RHA-10 40.3 43.8 47.6
RHA-15 394 42.9 46.2
RHA-20 352 373 443
SF-10 41.2 423 472

Table 3 shows the static modulus elasticity of concrete with w/b of 0.25, replacement percentages
of RHA and ages of curing Generally, the results in Table 3 show that the static modulus of OPC
concrete is less than RHA and SF concrete regarding replacement and ages; only RHA-20 replacement
is lower than OPC concrete. Less compressive strength of RHA-20 concrete and more axial strain was
the reason of its less static modulus of elasticity. The RHA-10, and RHA-15and SF-10 concrete show
their static modulus of elasticity was higher than that of OPC concrete at any days of testing. The
results of static modulus are shown in Table 3. The values of the static modulus of elasticity were in
the range of 36.0 — 47.6GPa. It can be noted that the addition of RHA to concrete exhibited marginal
increase on the elastic properties, the highest value was recorded for RHA10 mixture due to the
increased reactivity of the RHA. Concretes incorporating pozzolanic materials usually show
comparable values for the elastic modulus compared to the OPC concrete ([24] [25] [ 26].

3.4. Effect of RHA and SF concrete immersed in solution of magnesium sulfate in wet dry cycles

Concrete in certain environment condition can experience degradation of strength. Degradation of
concrete can be caused by various causes: fire, aggregate expansion and sea water degradation, etc. In
this section, the sulphate attack on HSHPC containing RHA and SF will be elaborated. Sulphate is
available in soil and sea water. In this study, the sea water condition was stimulated by making dry
and wet condition as tidal zone in sea water. Concrete that has contacted with sulphate can experience
the chemical changes in cement. The deterioration mechanism is the chemical change in cement
caused microstructural effect which the cement binder is weakening. It is worthy to note that sulphate
solution caused damage through crystalline and re-crystalline in porous concrete.
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Figure 5. Development of compressive strength of concrete on magnesium sulphate environment

Figure 5 shows the degradation of concrete after the concrete was exposed to magnesium sulphate
in three cycles. RHA, SF and control concrete affected by magnesium sulphate after cycle 1. In cycle
1, the concrete experienced the improving compressive strength. It could be the process of crystalline
was barely enough close to pores of concrete which caused concrete denser. However, in further
cycling the concrete experience degradation as compressive strength of concrete decreased. It could
be the magnesium sulphate solution in concrete pores started to crystalline and re-crystalline due to
wetting and drying cycling. It caused the concrete to expand and cause micro crack its surrounding.
The control concrete experienced worst condition compared than the RHA and SF concrete. The
RHA-10 concrete experienced less degradation than OPC, RHA-15 and SF-20 concrete. In addition,
the RHA-15 and SF-10 concrete experienced almost similar degradation.

4. Conclusion

Based on the investigation on fresh, strength and durability properties of concrete containing RHA
and SF the following can be concluded that utilizing RHA and SF in HSPC concrete increased the
dosage of SP used compared to that of control concrete. RHA can be used as partial replacement in
HSHPC concrete up to 15% and increased 15% compressive strength compared to control concrete.
Additionally, the static modulus of RHA and SF concrete are higher than that of OPC concrete
regarding replacement and ages; only RHA-20 replacement is lower than OPC concrete. The effect of
RHA, SF and OPC concrete immersed in 5% magnesium sulphate solution was the control concrete
experienced worst condition compared than that of the RHA and SF concrete. The RHA-10 concrete
experienced less degradation than OPC, RHA-15 and SF-20 concrete.
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