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Abstract. This paper investigates the effect of normal curing (NC), air
curing (AC), and burlap curing (BC) under different curing periods on the
mechanical strength and durability of kenaf fibre reinforced blended
cementitious composites (KFRBCC) with thermally activated alum sludge
ash (AASA). The aim is to determine the most efficient condition and
period for curing KFRBCC and to assess the effect of accelerated ageing
on strength and durability of KFRBCC after wet/dry cycles. Meanwhile,
the microstructure of these mixes is observed via scanning electron
microscopy (SEM). The KFRBCC is designed to achieve strength beyond
50 MPa after 28 days (d) of curing by adding 2% treated kenaf fibre (KF)
and by replacing Ordinary Portland Cement (OPC) with AASA. The
findings suggest that compressive strength and durability of KFRBCC with
40% AASA cured under BC after age of 28 d are enhanced. The addition
of treated KF with AASA have helped in limiting the reduction in the
compressive strength and durability of the KFRBCC, particularly under
prolonged curing period.

1 Introduction
The most influential factors on mechanical and durability of cementitious composites is a
satisfactory curing condition for adequate moisture content and temperature to assist the
hydration of OPC and to attained higher strength [1]. The importance of curing is critical in
the mixtures contains pozzolanic materials, or are otherwise intended to meet specific
performance requirements [2]. Curing for concrete containing pozzolanic material takes at
least 4 weeks due to pozzolanic reaction occurs at the mature age of more than 28 d which
enhance the durability [3]. Compressive strength should also be characterize along with
durability to identify the satisfactory performance of composite and to withstand the
damaging effects of environmental factors under severe service conditions. Several
researchers working on improvement of concrete strength and durability by incorporation
of pozzolans in mixes [4-5]. The use of pozzolans in concrete results in reduction of early
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strength and increase in late strength which require high replacement contents of pozzolans
[6-7] and AASA also shows this behaviour [8].
The alum sludge (AS) are classified as a Class N pozzolans while AASA is similar to
thermally activated kaolin after calcination at 800 °C [9] and Tantawy [10] approved that
calcination at 800 °C is adequate to improve the pozzolanic properties of AS. The strength
of composites improves with the presence of AASA as partial replacement of OPC, but the
optimum replacement to accelerated long term strength enhancement and durability has
been reported between 10 to 30% [11-12]. The replacement of AASA are in percentage by
wt. of the total binder material. This study will investigate the replacement level of AASA
with treated KF, strength and durability improvement of KFRBCC under different curing
conditions. Benli et al. [13] investigated the effects on the mechanical properties of FA selfcompacting mortars in WC and AC at different curing periods. The findings indicate that
mortar cured in WC gave highest compressive strength for 180 d. According to Amjadi et
al. [14], the mechanical strength of mortar improved at extended curing period and the
pozzolans added into the mixes has help to accelerate the pozzolanic reaction at later ages.
The objective of the research was to obtain the required strength and durability during
the life cycle of KFRBCC for future applications in construction in which offering a good
alternative for recycling AS. Determination of the appropriate method of curing is one of
the base for producing a composite with the strength and durability in the long term.

2 Experimental procedures
2.1 Materials
Type I OPC complying with ASTM C150 and AASA was used to produce KFRBCC with
randomly dispersed short KF. The chemical composition are shown in Table. 1. AS was
oven dried at 105±5 °C for 24 hours (h) and later the dried AS was calcined in furnace oven
at heating rate of 5 °C/min at 800 °C for 2 h to achieve the thermal steady state. Then, the
AASA was allowed to cool gradually to the room temperature. AASA was ground in steel
ball mill until the fineness reach the specification recommended by ASTM C618-17 and
sieved using 45 µm sieve to increase the pozzolanic reaction.
Table 1. Chemical composition of ordinary Type 1 Portland cement and AASA.
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10 mm length KF were treated with 6% w/w NaHCO₃ alkali solution and immersed for
72 h. After the treatment, KF were thoroughly washed with running water to remove
absorbed alkali from the fibre surface. The washed KF were allowed to dry at room
temperature for 24 h and then oven dried for thermal treatment at 70 °C±5°C for 24 h to
release lignin and increase the crystallinity index (CrI) of the KF before added into the
mixes. Superplasticizer (SP) was used to control the flow of mortar. 4.5% of low viscosity
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liquid Darex Super 20 is the maximum dose for mixes but the doses use are vary to comply
flow rate.
2.2 Mix proportion and preparation of specimens
Eight mixes were cast with 2% volume fraction of KF by volume of total mix design
(constant for all mixes) into standard cube 100 mm with cement/sand (s/c) ratio of 1:2.
Optimum water/cement (w/c) ratio was obtained at 0.4 (constant for all mixes) after three
different ratio of 0.3, 0.4, and 0.45 were used for trial mix. The amount of AASA (20, 30,
and 40%) are added into mixture for partial replacement of OPC. The mix proportions of
the composites are given in Table 2. The composite with 100% OPC and cured in NC was
used as control specimen.
Table 2. Mortar mix proportion.
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2.3 Curing conditions of test specimens
The specimens were demoulding after 24 h and then exposed to the selected curing
condition. The average temperature recorded in the laboratory was 27± 2 °C with relative
humidity, RH 85±5%. The cementitious mortar specimens were removed from curing
conditions 24 h before testing and the maximum curing age was 180 d for all conditions
due to slower hydration rate than OPC. For NC, the curing conditions involving specimen
immersed in water outside the laboratory and for AC, the specimen were exposed to the
ambient air in the laboratory. The specimens were covered with wet burlap outside the
laboratory for BC. The burlap was immersed in water every 2 d to control the moisture
content. Three specimens were tested after 28 d of curing for wet/dry cycle whilst for
compressive strength, after 180 d of curing.

3 Test procedures
3.1 Compressive strength and wet/dry cycles
The average of three samples were tested for compressive strength test following ASTM
C109 and the reported compressive strengths were determined at various ages of 28, 56, 90
and 180 d. For wet/dry cycles, specimens was covered with a piece of plastic and left in
laboratory. After 24 hours, the specimen is removed from the mould and soaked in tap
water for 15 h and left to dried for 1 h in laboratory. Next, the specimen is exposed to a
temperature of 70 ± 5 °C for 25 h in the ventilated oven and left to cool down gradually to
room temperature in the oven with the door slightly open to prevent excessive cooling.
Each wet/dry procedure represent a cycle within 24 hours and performed by 10, 20, 30, and
60 cycles, respectively.
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4 Result and discussion
4.1 Effects of curing conditions on the compressive strength development of
mortar
Compressive strength development results of KFRBCC for different curing conditions are
presented in Fig. 1(a-c) and when OPC was replaced by 20% AASA, the strength of
specimens is increased up to 30.6% compared to control specimen (OPC1 and OPCR1).
The incorporation of 40% AASA by wt. of OPC increased the mechanical strength of
cementitious composite about 34.3 % after 28 d due to smaller particle size of AASA and
higher surface contact between fibres and mortar. The strength continued to increase by an
average rate of 10% for each specimen up to the age of 180 d and the rate after 28 d are
more significant for the strength development. This maybe owing to the higher pozzolanic
reaction of AASA at later age compared to early age.
The specimens cured by BC provide the highest compressive strength of 20.3%,
attributed to the suitable curing conditions compared to NC and AC. The increase in
strength also related to hot weather with high humidity, which increased the rate of cement
hydration during the early stage of curing. It could be observed from all of the curing
conditions, BC produced composite specimen that met the targeted compressive strength of
50 MPa and NC has the lowest compressive strength of 47.32 MPa, while AC recorded the
strength of 47.74 MPa at 180 d respectively. It was observed that the strength increases
with increase in AASA content (20 to 40%) and curing periods for all types of curing
conditions and reaches maximum 50.34 MPa for 180 d in 40% replacement of AASA with
OPC. Obviously, AASA and treated KF can be effectively used to improve the strengths of
KFRBCC with BC at a later age. In addition, the 28 d compressive strengths of KFRBCC
were found to be higher than mixture containing OPC alone. As for mixture containing
AASA, similar results was reported and suggesting that AASA is more effective in
increasing the strengths of KFRBCC. This shows that the replacement of OPC with AASA
has the effect of filling with fibre dispersed randomly. This proved that curing conditions is
one of the most important parameters to improved microstructure by improving the water
holding capacity of composites in which curing involves maintaining sufficient moisture
content to the last stage of the placement of the composite.

(a)
(c)
(b)
Fig. 1. Compressive strength for different curing conditions a) NC, b) AC and c) BC.

4.2 Effect of curing conditions on residual compressive strength of concrete
mixes subjected to wet/dry cycling
The effect of wet/dry cycling on the residual compressive strength for specimens cured for
28 d in NC, AC, and BC are shown in Fig. 2. After 10 wet/dry cycles (30 d), all specimens
showed reduction in the compressive strength. This result point to the mineralization of KF
where fibre became slightly brittle due to some partial degradation of treated KF in cement
matrix which deteriorate the fibre–matrix bonding. However, the incorporation of AASA
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into the mixtures gave significant enhancement in the residual compressive strength of
KFRBCC. These test revealed after 20 wet/dry cycles (60 d), the compressive strength of
AASA40 in NC, AC, and BC continue to dropped 43.1, 33.7, and 21 % of the initial
compressive strength at 56 d. Specimens in BC curing show lower reduction compared to
others curing conditions. Moreover, the compressive strength of KFRBCC with 40%
AASA in NC, AC, and BC reduced by 73.8, 68.3 and 65.7% compared to their values at
180 d after 60 wet/dry cycles (180 d).

(a)

(b)

(c)

Fig. 2. Residual compressive strength prior to wet/dry cycle a) NC, b) AC and c) BC

4.3 Microstructure analysis of the composites using BC of AASA40
SEM investigations demonstrated different variations in the morphology of OPC and
AASA mixtures with treated KF after tested with designated regimes. Small fragments of
AASA40 cured in BC were taken after compressive test was used for microstructure
analysis. Fig. 3 shows the SEM of all specimens after compressive strength test at
designated ages. The pozzolanic reaction of AASA and filler effect have contributed to a
denser microstructure and enhanced the strength particularly at 180 d of curing. From Fig.
3(a1-a4), all specimens shows that void and fluid structure are almost negligible. The
chemical composition of the AASA used in this investigation suggests that almost
negligible hydraulic activity (0.41 % of CaO content) and a relatively high pozzolanic
activity because of its 47 % of SiO₂(Table 1). Therefore, the effect of using AASA on the
properties of the composites will be more noticeable at later ages. Fig. 3(b1-b4) shows
SEM images obtain from elevated temperatures test. There is no significant changes in the
specimens when temperature increase up to 250 °C. However, noticeable cracks appeared
when the temperature reached 500 °C, and responsible for a decrease in compressive
strength. The specimens was severely damaged as a result of fibres melting but the presence
of AASA contributes to the prevention of crack extension and improving the durability of
cement composites.
Fig. 3(c1-c4) shows images obtain from wet/dry cycles with regards to the effect of
AASA on the degradation of treated KF in a cement matrix. After 30 wet/dry ycles, the the
treated KF suffer slightly degradation in the cement matrix but the fibre still manage to
bridging a micro-cracks. However, with addition of AASA has helped to mitigate the
degradation and resulted in high level of intactness with the embedded treated KF. Partial
replacement of 40 wt.% AASA verified that cement modification reduce the degradation
and improving the durability of treated KF. This confirms that AASA in cement
modification had accelerated high pozzolanic activity and gave more significant role than
its physical filling.
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Dense microstructure
(a1) 28 d

(a2) 56 d

(a3) 90 d

(a4) 180 d

crack
(b1) 28 °C

(b2) 250 °C

(b3) 500 °C

(b4) 800 °C
High level intactness

(c1) 10 cycle
(c2) 20 cycle
(c3) 30 cycle
Fig. 3. SEM images of a) initial, b) elevated temperature, and c) wet/dry cycle.

(c4) 60 cycle

5 Conclusions
The influences of treated KF, partially replacement of OPC with AASA, curing conditions
and duration of exposure on accelerated ageing conditions on compressive strength of
KBRCC are determined. The results indicate that compressive strength can increase with
BC and longer exposure duration. Meanwhile, study on compressive strength indicates that
for BC there were increases in strength up to 60 % for 180 d curing period. The results also
show that strength loss in KFRBCC depends on cement fineness and the regime of curing.
Curing conditions has an important effect to reduce or increase the compressive strength at
prolong curing periods and durability of composites after wet/dry cycle. However, the
limitation of the study is rely on AASA contents which indicate that 40 % wt. was the
maximum contents for OPC replacement. The mixes will require more liquid if AASA
were added beyond maximum contents and will effect the workability. In general, the
strength loss was slightly lesser for AASA specimens than OPC specimens. Test results
indicate that the effect of curing conditions on the durability was much lower than on the
mechanical properties, and strength should not be the single control indicator while
considering the effect of curing. Apart from that, the technology of internal curing and
different types of pozzolans material (nanosilica, nanoclay, metakaolin, and etc.) should be
taken into consideration for further research to indicate the positive impacts of aspects of
KFRBCC performance.
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