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Abstract: Rice husk Ash (produced by traditional burning called RHA and by using microwave incinerator called 
MIRHA) has shown promise as a cement replacement material. This study investigated the properties of RHA and 
MIRHA mortar used for brick manufacture at binder sand proportions of 1:3 and 1:4. RHA and MIRHA were 
intermediate in particle size to cement and sand particles. Percentages of replacement were 5, 10, 15, 20, 25 and 
30%, respectively. Strength at w/c ratios (0.5, 0.55, 0.6 and 0.65, respectively) was investigated to identify optimum 
w/c ratios as well as optimum percent replacement of RHA and MIRHA. Variations of IRS, density and water 
absorption were investigated. Generally 1:3 RHA and 1:3 MIRHA mortars strength showed decreasing trend with 
increasing percentage replacement with RHA and MIRHA. Whereas 1:4 RHA and 1:4 MIRHA mortars showed 
increase in strength at 5% replacement and decrease thereafter. IRS values for RHA mortars are generally within 
limits (0.25-1.5 kg/m

2
.min) recommended. Water absorption values of RHA mortars are generally higher than 

control mortar. IRS values for MIRHA mortars with w/c 0.5 and 0.55 ranged between 1.4-2.0 kg/m
2
.min; indicating 

the need for wetting the bricks before use. IRS values for 1:3 MIRHA mortars with w/c 0.6 and 0.65 were below 1.0 
kg/m

2
.min indicating low suction values. For 1:4 MIRHA mortars, IRS values were very low in all cases. Water 

absorption values of MIRHA mortars are generally higher than the control mortar. MIRHA mortars with w/c 0.6 and 
0.65 showed low percentages of water absorption. 
 
Keywords: Cement replacement material, density, initial rate of suction, microwave incinerated rice husk ask, 

mortar brick, strength, water absorption 

 
INTRODUCTION 

 
The availability of cement used as binder in 

concrete is reducing worldwide due to extensive use. 

There is a need to find new renewable source to replace 

or reduce the use of Ordinary Portland Cement (OPC). 

Many Cement Replacement Material (CRM) have 

shown promise; but this research is focussed on Rice 

Husk Ash (RHA) and Microwave Incinerated Rice 

Husk Ash (MIRHA). RHA is produced in traditional 

way by uncontrolled combustion of rice husk and 

grinding using Los Angeles Abrasion machine whereas 

MIRHA is produced in microwave incinerator under 

controlled burning method at 800°C which reduces 

carbon emissions. Such concrete is environmental 

friendly (Nuruddin et al., 2008), as resources are saved 

by using industrial waste products like rice husk ash 

and micro silica. Green concrete is cheap to produce as 

it reduces the production cost of per unit of cement 

(Nuruddin et al., 2008). 

LITERATURE REVIEW 
 

The use of CRM to form mortar (like in concrete) 
will reduce the use of cement. Mortar bricks are 
commonly used in building construction, road 
pavement, etc. For road pavement application the 
technology is 5000 years old (Singh, 2007). Brick 
pavements highways are seen in old ruins in the West 
Asian Region (Mesopotamia). Nowadays it is used in 
road pavement to increase the aesthetics of building 
design. Eco-friendly bricks are not as cheap as the 
common bricks due to additional procedure in making 
the bricks. The difference in price between normal 
cement bricks and green bricks is affected by the 
percentage of CRM used in the green bricks. Higher 
replacement results in higher price since production of 
MIRHA can be expensive although the source is free. 
The compressive strength of mortar bricks decreases 
with a higher water-cement ratio but is not influenced 
much by the cement content (Schulze, 1999). 

Paddy has 25 and 75% by weight of husk and rice 
respectively. Seventy five percent of husk is volatile 
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and the balance can be converted to RHA or MIRHA. 
Thus out of the 2.2 Million tones of paddy available in 
Malaysia (2007 statistics), 121 thousand tones of RHA 
can be produced. This huge renewable resource should 
not be wasted and if not used poses disposal problems 
(International Rice Research Institute, 2008; Jha and 
Gill, 2006). 

Many researchers have studied the utilization of 
this waste agricultural by-product as CRM. RHA is 
whitish or gray (Safiuddin et al., 2009), consisting of 
non-crystalline silicon dioxide with high specific 
surface area  and high  pozzolanic reactivity (Tashima 
et al., 2004; Naji Givi et al., 2010). It possesses 
excellent pozzolanic reactivity due to high silica 
content, reportedly about 90 to 95% amorphous silica 
(Safiuddin et al., 2009; Mehta, 1992). Burning 
conditions play an important role in determining the 
physical properties of RHA. Highly pozzolanic RHA 
could be produced if the temperature of burning and the 
residency time inside the furnace are controlled (Pitt, 
1976). This was later supported by Nagataki (1994) and 
Nehdi et al. (2003) which showed that the 
microstructure and characteristics of RHA are affected 
by the period and burning temperature. Few studies 
found that controlled burning at about 500 to 800°C 
produced non-crystalline or amorphous silica, which 
shows very high pozzolanic activity (Nagataki, 1994). 
Conversely, crystalline RHA which has poor 
pozzolanic property is produced when uncontrolled 
burning at high temperature is used (Safiuddin et al., 
2009). 

The relative density of RHA is also affected by the 
burning conditions (Safiuddin et al., 2009). Generally, 
grey RHA from complete burning has a relative density 
of  2.05  to  2.11  (Ismail  and  Waliuddin, 1996; Nehdi 
et al., 2003). In addition, Mehta (2002) found out that 
most particles of RHA are in the size range of 4 to 75 
µm. The median particle diameter is larger than that of 
silica fume which ranges from 6 to 38 µm. However, 
RHA has an extremely high specific surface area as its 
particles are porous and possess a honeycomb 
microstructure, unlike silica fume (Zhang and Malhotra, 
1996; Safiuddin et al., 2009). 

The incorporation of RHA in OPC concrete results 
in increased water demand during its fresh state due to 
high specific surface of RHA (Malhotra, 1993). Rashid 
et al. (2010a) have found out the water demand for 
mixtures containing different level of OPC replacement 
by RHA with fixed water cement ratio. The water 
cement ratio was fixed by flow table test and 
confirming a flow value of 110±5 mm in 25 drops. The 
water demand was observed from the result of flow 
table test. The water demand increases when RHA 
increases due to high fineness and porous surface of 
RHA. This finding supports (Sumrerng et al., 2009; 
Rukzon and Chindarprasirt. 2006).  

Abdelalim et al. (2002) investigated the 
mechanical properties of the cementitious materials 
containing RHA. Various 0.5 w/c OPC mortar mixes 
with RHA (0, 5, 20, 15, 20, 25 and 35%, respectively)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Compressive strength of RHA mortar after 56 days of 

curing (Abdelalim et al., 2002) 

 

were prepared and cube specimens cast for compression 
strength test at 56 days of curing. The study showed 
that compressive strength of OPC mortar increases with 
increasing the amount of OPC replacement level by 
RHA till a certain optimum content of RHA which is 
25%  in  this  case. The  compressive strength decreases 
afterwards with increasing RHA content. These 
findings further support (Zhang et al., 1996). Figure 1 
shows the compressive strength of mortar at 56 days of 
curing period. 

RHA mortar tends to achieve higher compressive 
strength and decrease of permeability due to the 
reduction of porosity, calcium hydroxide content and 
width of interfacial zone between the paste and the 
aggregate (Zhang et al., 1996). 

However, for RHA mortar with w/c of 0.55, the 
compressive strength at 5% RHA replacement is higher 
than other percentage of RHA replacement. On the 
other hands, RHA mortar with w/c of 0.5 shows the 
higher compressive strength at 20% RHA replacement 
compared to other percentage of replacement (Anwar, 
2011). 

The incorporation of RHA in 1:4 mortars resulted 
in higher compressive strength than control mortar. 
Anwar (2011) found that at 5% RHA replacement, 0.5 
w/c RHA mortar has higher compressive strength than 
control mortar and it has the highest compressive 
strength compared to the other 0.5 w/c RHA mortars. 
The compressive strength for 0.5 w/c RHA mortars is 
decreasing after 5% RHA replacement. On the other 
hands, 0.55 w/c RHA mortar with 20% RHA 
replacement has the highest compressive strength 
compared to control mortar and other 0.55 w/c RHA 
mortars. 

Incorporation of pozzolan such as fly ash and RHA 
in mortar mixtures reduces the average pore size and 
cause an extensive pore refinement in the matrix and in 
the interface layer (Chindraprasirt et al., 2005; 
Rodriguez, 2006). The water permeability of hardened 
mortar reduces throughout the hydration progress (Naji 
Givi et al., 2010). Saraswathy and Ha-Won (2007) 
reported that the coefficient of water absorption of 
RHA concrete at all levels was less than control 
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concrete due to the micro-filling and pozzolanic effect 
of RHA in cement mixtures. 

Anwar (2011) found out that 0.55 w/c RHA 

mortars have lower IRS and water absorption value 

compared to 0.5 w/c RHA mortars for both binder to 

sand ratio of 1:3 and 1:4. He also stated that the water 

absorption increases as the RHA replacement increases 

might be due to amorphous form of silica in RHA 

which requires more water to complete hydration 

process with cement and sand to form C-S-H bond 

(Alireza et al., 2010).  

IRS of mortars shows the amount of water sucked 

by the cubic mortar sample upon contact with mortar 

during laying. IRS affects the water tightness and 

durability of masonry as it can affect the bond strength 

between the brick and mortar. IRS must be limited to 

the specified limits as per standard so the optimum 

bond strength could be achieved. Thus, it is essential 

and important to measure IRS of mortar samples used 

in masonry construction. BS 3921 (1985) Appendix H 

specifies the test principle for measuring IRS of mortars 

by immersing the cubic sample in about 3 mm depth of 

water for duration of 1 min (BS 3921, 1985). Drysdale 

et al. (1994) established that bricks with IRS less than 

0.25 kg/m
2
.min can be considered as low suction bricks 

whilst bricks with IRS more than 1.5 kg/m
2
.min can be 

regarded as high suction bricks. Bricks with IRS values 

between 0.25 to 1.5 kg/m
2
.min have the capability to 

produce good bond strength when used with the 

appropriate mortar proportions.  
 

Justification for study: The demand for a high quality 

sustainable material has increased and encouraged the 

researchers to find new alternatives. Rice husk from the 

rice production poses a major problem of disposal 

especially when open burning is no longer permitted 

due to the environmental issues. The usage of 

pozzolanic materials to reduce the carbon dioxide 

emitted per tonne of concrete produced are being 

investigated and utilized. A study by Wan et al. (2011) 

investigated the potential of using MIRHA in OPC 

mortar mixes. In it, the water-binder ratio was kept 

constant at 0.5. Control mortar without any replacement 

and 5, 10, 15, 20 and 25%, respectively of OPC 

replaced by MIRHA were studied with varied binder-

sand ratio at 1:3, 1:4. 1:5 and 1:6. The compressive 

tests were conducted for the samples at 7 and 28 days. 

The result has revealed that, the MIRHA could be used 

in cement mortar due to its refined microstructures. In 

addition, the compressive test results were compared 

with three different standards: ASTM, MS and BS for 

bricks manufacturing. The results show the potential of 

using MIRHA in cement brick production. Amongst the 

cement replacement mixes, 20% MIRHA has shown 

highest compressive strength. 
 
Objectives of present studies: The current study 
extends the work with two objectives namely: 

Table 1: Mix proportion of RHA mortar (w/c = 0.50; binder: sand = 1:3) 

RHA (%)  RHA (g)  Cement (g)  Sand (g)  Water (g)  

Total 

mass (g)  

0 0 66.667 200 33.333 300 

5 3.333 63.333 200 33.333 300 

10 6.667 60.000 200 33.333 300 

15 10.000 56.667 200 33.333 300 

20 13.333 53.333 200 33.333 300 

25 16.667 50.000 200 33.333 300 

30 20.000 46.667 200 33.333 300 

 

• To obtain the optimum w/c and the optimum 
percentage of RHA and MIRHA as CRM in mortar 
and optimum c/s of RHA and MIRHA mortar 

• To study the properties of IRS, water absorption 
and density of the RHA and MIRHA mortars 

METHODOLOGY 

 

The work was done as four undergraduate final 

year research (Yusoff, 2010; Haron, 2011; Alias, 2011; 

Anwar, 2011). For RHA and MIRHA mortar, the 

parameters were varied as follows. The w/c ratio of 

0.50, 0.55, 0.6 and 0.65 were used and the RHA or 

MIRHA used were 0, 5, 10, 15, 20, 25 and 30% of 

OPC, respectively. The c/s proportions were 1:3 and 

1:4. The mix proportions for 1:3 RHA mortar with w/c 

0.5 is given in Table 1. The mix proportions in other 

cases are determined similarly. Compressive strengths 

of samples were evaluated at 7, 28 and 60 days using 

ASTM C109 (www.astm.org/Standards/C109.htm).  

The water absorption and Initial Rate of Suction 

(IRS) of water of mortar bricks were also investigated. 

The Standard Test Method in ASTM C642 (1997) was 

used evaluate water absorption at 60 days. The IRS is 

evaluated at 60 days which determines the volume of 

water that mortar sample absorbs as per ASTM C1585 

(2004). The particle size distribution of cement, 

RHA/MIRHA and sand was also evaluated. 
 

RESULTS AND DISCUSSION 
 

The results and discussion are divided into 
following sections. 
 
Compressive strength: Figure 2 to 7 shows the 
comparison of compressive strength at 7, 28 and 60 
days for the RHA mortars for 1:3 and 1:4 cement sand 
ratio, respectively. 
 
RHA replacement: Figure 2 to 4 shows that shows that 
7, 28 and 60 day, respectively compressive strength for 
1:3 binder to sand ratio RHA mortars is lower 
compared to the control mortar for all w/c at all RHA 
replacement, except in case of the 60 day strength for 
w/c 0.6. The compressive strength results are seen to 
fluctuate for 0.5 and 0.55 w/c mortars. RHA at all 
replacement level does not give significant contribution 
towards the RHA mortars compressive strength. RHA 
mortar with 0.65 w/c at 5% RHA replacement shows 
the highest compressive strength at 7-day compared to 
other RHA mortars. This might happen due to the  
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Fig. 2: 7-day comp. strength variation for 1:3 binder to sand 

ratio mortar of different W/C 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

Fig. 3: 28 day comp. strength variation for 1:3 binder to sand 

ratio mortar of different W/C 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 4: 60-day comp. strength variation for 1:3 binder to sand 

ratio mortar of different W/C 

 

sufficient water content in the mixture that contribute 

towards hydration process of cement and RHA which 

provide better pore refinement in the sample. Thus it 

contributes towards its high compressive strength 

compared to other RHA mortars. As 28-day  results  are 

used in design, it can be concluded that for 1:3 binder to 

sand ratio RHA mortars, the addition of RHA does not 

give any significant contribution to the compressive 

strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5: 7-day comp. strength variation for 1:4 binder to sand 

ratio mortar of different W/C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 6: 28 day comp. strength variation for 1:4 binder to sand 

ratio mortar of different W/C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 7: 60-day comp. strength variation for 1:4 binder to sand 

ratio mortar of different W/C 

 

Figure 5 to 7 shows that unlike 1:3 binder to sand RHA 

mortars, 1:4 RHA mortars show increase in 

compressive strength at 5% RHA replacement for all 

w/c. Figure 6 showing the 28-day compressive  strength 

indicates that 0.6 w/c RHA mortars have lower 

compressive strength compared to control mortar. The 

maximum strength values are shown by w/c 0.50. 0.65 

and 0.6 at 5% RHA replacement at 7, 28 and 60 days of  
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Fig. 8: Comp. strength variation for 0.60 W/C mortars at 

different days of water curing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Comp. strength variation for 0.65 W/C mortars at 

different days of water curing 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 10: 7-day compressive strength of 1:3 mortar 

 
curing, respectively. The trend shown indicates that at 
5% RHA replacement for 1:4 binder to sand ratio, the 
compressive strength is higher than respective control 
mortar except for 0.55 w/c RHA mortars. 

At each age, the 1:3 mortars exhibit higher strength 
than 1:4 mortars, as expected. 

The age wise strength development of the 0.6 and 
0.65 w/c mortars are presented in Fig. 8 and 9 at 
different days of water curing. The compressive 
strength for all RHA mortars increases as the water 
curing period increases. The RHA mortars hardened 
due to hydration process that will only occur with the 
presence of water and at suitable range of temperature. 

The hydration process of cement and RHA is the 
chemical reaction between grains of both cement and 
RHA with water to form the  cement  gel.  This  process 
proceeds until all the cement and RHA reaches their 
maximum degree of hydration or until all the space 
available for the hydration product is filled by cement 
gel, whichever limit is reached first. All the samples are 
having proper hydration process over time as their 
compressive strength show increasing trend at 7, 28 and 
60-days, respectively of water curing. 

It can be observed that the compressive strength of 

RHA mortars with 1:3 binder to sand ratio is relatively 

higher than 1:4 binder to sand ratio at all RHA 

replacement for both w/c of 0.6 and 0.65. Both binders 

have smaller grain sizes which increase their capability 

to fill up the voids between the fines aggregate and 

increase the compressive strength. The compressive 

strength for most of RHA mortars decreases as the 

RHA replacement increases. This happened as RHA 

that is used in this research have coarser grain size than 

cement. Therefore, the incorporation of higher 

percentage of RHA in the mixtures caused the mortars 

to contain more voids which reduce their compressive 

strength. Although few RHA mortars do not have 

compressive strength greater than the control one, they 

still can be applied as construction materials according 

to requirements specified in the standard. As per BS 

6073 (1981), RHA mortars that have compressive 

strength greater than 8 MPa can be used as bricks. 

Moreover, in accordance to BS 6717 (2001), RHA 

mortars that have compressive strength greater than 49 

MPa can be used as pavement blocks. It was observed 

that the strength for mortar increases from 7 days to 28 

days of curing, as expected. However, it should be 

noted that there were decreased value of compressive 

strength from 28 to 60 days of curing in most of the 

mixes. This phenomenon might be due to the fact that a 

rise in the curing temperature speeds up the chemical 

reactions of hydration which appears to form products 

of a poorer physical structure, probably more porous, so 

that a proportion of the pores will always remain 

unfilled (Ungsongkhun et al., 2009). It could be 

justified by Sung-Sik (2010) that the concrete or mortar 

system becomes weak because, if water is added, 

calcium silicate hydrate C-S-H gel moves gradually 

farther away and as a result van der Waals forces 

become weak. Additionally, the moisture can weaken 

the union of Si-O-Si when stresses are applied and thus 

weakening the mechanical interlocking between 

particles as it acts as a lubricant. 
 

MIRHA replacement: Figure 10 to 12 show that the 
strength of the mortar seems to decrease as the content 
of MIRHA increases for higher w/c ratios and vice 
versa for lower w/c ratios. Increasing water ratio is seen 
to increase the strength. The compressive strength of 
mortar with w/c of 0.55 and 0.6 shows consistent higher 
strength  for  different  MIRHA replacement. Cement to 
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Fig. 11: 28-day compressive strength of 1:3 mortar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: 60-day compressive strength of 1:3 mortar 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: 7-day compressive strength of 1:4 mortar 

 

aggregate with ratio of 1:3 also has higher strength to 

1:4. The 28-days compressive strength for 0.60 w/c 

mortar with 5% MIRHA replacement reached the 

highest strength compared to mortars of other water 

cement ratios. The trend of higher strength developed at 

5% MIRHA replacement and decrease for higher 

MIRHA replacement is seen. This is follows the 

findings on MIRHA by Nuruddin et al. (2008). The 60-

day compressive strengths for 1:3 MIRHA mortar 

shows maximum strength of 49.29 MPa at 5% MIRHA 

replacement. The decreasing trend of 0.65 w/c samples 

compared to 0.60 water cement  samples  indicates  that 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 14: 28-day compressive strength of 1:4 mortar 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15: 60-day compressive strength of 1:4 mortar 

 
the optimum water cement ratio of MIRHA mortar for 

binder to sand ratio of 1:3 is 0.60. The figures indicate 

increasing trend of strength from 0.50 until 0.60 w/c 

and decrease at 0.65 water cement ratio. The highest 

strength of mortar could be between w/c 0.60 and 0.65. 

Figure 13 to 15 shows the compressive strength of 1:4 

mortars; indicating highest compressive strength at 5% 

MIRHA replacement. The highest 7-days compressive 

strength for 1:4 mortar is with 5% MIRHA replacement 

and 0.55 w/c with value of 25.3 MPa. For 28-day 

compressive strength. Similar to 1:3 MIRHA mortar, 

the mortar with w/c 0.60 have the high strength for 28-

days compressive strength test with the highest 

compressive strength test value of 37.14 MPa. The 

decreasing strength of mortar at w/c 0.65 can be seen in 

the graph. Therefore, it can be concluded that the 

optimum strength of mortar samples at 28-days is the 

mortar with 5% MIRHA replacement and w/c 0.60. 

Figure 15 shows the 60-days compressive strength for 

1: MIRHA mortar. The optimum strength of mortar is 

shared between water cement ratio of 0.60 and 0.65 

with the compressive strength value of 37.44 MPa. The 

result of 0.65 water cement ratio mortar is decreasing 

compared to the control mortar. This result can be 

interpret as the water cement ratio increase until it 

reaches the optimum value for MIRHA mortar, the 

excess  water  in  the  mortar  will  result  to decrease of  
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Fig. 16: IRS variation for 1:3 RHA mortar 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 17: IRS variation for 1:4 RHA mortar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18: IRS results of 1:3 MIRHA mortars 

 

compressive strength of the mortar itself. Based on the 

result, generalization on higher water cement ratio the 

lower the strength of samples after the optimum water 

cement ratio of sample is obtained can be made. The 

strength of 1:3 w/c 0.5 MIRHA mortar keeps increase 

until 15%. W/c of 0.55 consistently have a higher 

strength compared to the 0.5 water ratio. Mortars with 

cement to aggregate ratio of 1:3 has higher strength 

compared to 1:4. 

 

Initial rate of suction: Figure 16 to 19 shows the IRS 

values  for  1:3 and 1:4 RHA and  MIRHA mortars. The  

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 19: IRS results of 1:4 MIRHA mortar 

 
mortars in this investigation have a mean IRS within 

the specified limit of 0.25 to 1.5 kg/m
2
.min which is 

ideal to be used as brick. Figure 16 shows that the IRS 

values for 1:3 RHA mortars with varied w/c are within 

the acceptable limit of 0.25 to 1.5 kg/m
2
.min as 

specified in the standard. The 0.5 w/c mortar with 20% 

RHA replacement has IRS value that exceeds the 

acceptable limit. It shows that at this replacement level, 

the RHA mortar has a high capacity of initial suction 

that will affect the bonding strength between RHA 

bricks and mortar in construction. Figure 17 shows the 

that IRS values for 1:4 RHA mortars with various w/c 

are within the specified limit. However, 0.5 w/c RHA 

mortars have IRS values that exceeded the specified 

limit. This might happened due to porous surface of the 

samples. Lower w/c in the mixtures caused lower 

workability during the mixing as RHA absorbed more 

water quickly due to its high fineness. As workability 

decreases with increase in RHA replacement, the IRS 

values for 0.5 w/c mortars increases with the addition of 

RHA. Both 1:3 and 1:4 RHA mortars at various w/c 

have acceptable value of IRS. This represents the 

capability of these RHA mortars to be used as bricks as 

they contribute towards their bonding strength with the 

mortar. The appropriate bond strength can be achieved 

by these RHA bricks when they are used in the masonry 

construction. The low and high suction IRS values of 

RHA bricks will affect the bonding properties and thus, 

they are not suitable to be used as brick in the 

construction. 

The IRS for 1:3 MIRHA mortar bricks ranged from 

1.4 to 2.0 kg/min.m
2
 indicating high suction property 

thus implying the necessity of wetting bricks before 

bricks layering (Ali, 2005). Based on the initial rates of 

suction for bricks, the mortar samples of 0.60 and 0.65 

water cement ratio are all classified as low suction 

property which is good for application as bricks. From 

Fig. 19, the IRS of almost all samples was under the 

value 1.4 kg/min.m
2
 which is acceptable. Based on 

observation during conducting the test, the surface of 

sample also affects the value of IRS. It was observed 

that,  with  the  increase  value of MIRHA  replacement,  
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Fig. 20: 1:3 RHA mortar water absorption variations for 

different W/C 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 21: 1:4 RHA mortar water absorption variations for 

different W/C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 22: 1:3 MIRHA mortars water absorption variations for 

different W/C 

 

the workability of mixes become lower and effect 

casting process. Therefore, it is concluded higher the 

pores, the higher IRS value. For 0.65 w/c ratio samples, 

the workability of all mix during mixing were high for 

all samples which indicating high access of water in the 

samples. Less pores at the surface of samples 0.65 

compared    to    samples    0.60    water   cement   ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 23: 1:4 MIRHA mortars water absorption variations for 

different W/C 

 
Furthermore, the workability of samples is very low 
due to the extra presence of sand and low amount of 
binders. Percentage of MIRHA in mortar affects the 
IRS rate because the higher amount of MIRHA, the 
higher the value of IRS. It may be one of the 
characteristic of MIRHA to absorb water faster in early 
minutes.  

 

Water absorption: Figure 20 and 21 shows that water 

absorption values of most RHA mortars are higher than 

control mortar (0% replacement). This is due to the 

permeability of the RHA mortars. During the mixing of 

RHA mortars, the workability of RHA mixtures at same 

w/c was observed to decrease as the replacement level 

RHA increased. The lower workability of RHA mortars 

when the RHA replacement increases happened as 

RHA absorbs more water which resulted in mixtures 

that have lower workability. RHA used in this research 

has also coarser grain size than cement. The 

incorporation of RHA in the mixtures in higher 

percentage causes the final products to contain more 

voids and increase their permeability to liquid. The 

increment in permeability causes the RHA mortars to 

absorb more water when the replacement level of RHA 

increases. 
Figure 22 and 23 shows the water absorption test 

results of 1:3 and 1:4 MIRHA mortars. The 1:3 MIRHA 
mortar of w/c 0.60 and 0.65 have less pores than 
samples with w/c 0.50 and 0.55. The reason of higher 
values of water absorption tests are due to pores in 1:3 
MIRHA mortar of w/c 0.50 and 0.55. Less workability 
of samples during casting were the main reasons of 
pores. The mortar cubes are oven dried for more than 
24 h, at temperature of 110°C and the water inside the 
samples have dried out. The pores inside the mortars 
depend on the water cement ratio of the mixes. Since 
0.65 is higher than 0.60, the pores inside 0.65 water 
cement ratio sample are suppose to be higher. As the 
content of MIRHA in 1:4 mortars increases, the water 
absorption increases and may be up to 18%. Water 
absorption   is   higher   in  0.55  W/C  MIRHA  mortars 
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Fig. 24: Particle size distribution of RHA, cement and sand 

(Anwar, 2011) 
 

 
 
Fig. 25: Particle size distribution MIRHA, cement and sand 
 

 
 
Fig. 26: Density of RHA mortars 

 
compared to the 0.5 W/C ratio samples maybe because 
of the high amount of water content inside of the 
sample.  
 
Partice size distribution: Figure 24 and 25 show the 
particle size distribution of materials used in RHA and 
MIRHA mortar respectively using sieve analysis and 
hydrometer tests. Cement is the finest material among 
all constituents of the mixture. RHA has coarser grain 
size but it is really close to cement. Sand is the  coarsest 

  

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 
Fig. 27: Density of MIRHA mortars 

 
material that is used in the experiment research. 
Previous researches show that substitution of pozzolans 
for part of the cement reduces permeability and porosity 
in mortar. The pozzolanic materials can contribute to 
the filling and segmentation of the capillary voids as 
they produce more identical products of hydration 
compared to cement alone. Thus, the incorporation of 
pozzolanic materials in the mortar mixtures will help 
producing dense and impermeable mortar and also 
more durable mortar. However, the use of coarser RHA 
than cement might cause these mortars to have higher 
permeability in porosity than the mortars that used finer 
RHA. The graphs also show that the water absorption is 
lower when the w/c is higher for both 1:3 and 1:4 RHA 
mortars. Higher w/c gives adequate water that helps the 
hydration of the pozzolanic materials. The precipitation 
of cement gel products during hydration process is 
greater in the presence of pozzolanic materials. This 
process helps to block the pores more effectively and 
thus reducing the permeability and porosity of the 
mortar. Thus, the RHA mortars with higher w/c tend to 
have lower water absorption value compared to RHA 
mortars with lower w/c. Sand has a larger particle sizes 
compared to MIRHA and cement while cement has the 
smallest particle sizes. At the bottom of each pan, the 
weight retained for MIRHA after passing the 0.063 mm 
is 29 g, weight retained for cement 49.4 g and sand has 
no particle that pass through the 0.063 mm. 

The density also plays a part in relation to the 
strength of the mortar. Both strength and density show 
decrease with increase of RHA or MIRHA content in 
the mortar (Fig. 26 and 27). 
 

CONCLUSION 
 

The conclusions from the study addressing the 
stated objectives are presented below: 

 

• The compressive strength of most RHA mortars 
decreased when the RHA replacement is increased. 
This is due to the coarser grain size of RHA than 
the cement which produced porous surface and 
more voids inside the mixtures. For 1:3 RHA 
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mortars, the incorporation of RHA in varied w/c 
did not give significant contribution to the 
properties of the mortars. Based on 28-day results, 
all 1:3 RHA mortars have compressive strength 
lower than the respective control mortars. The 
addition of RHA in 1:4 mortars produced 
significantly results. At 5% RHA replacement, all 
samples have compressive strength higher than 
control mortars with 0.65 w/c RHA mortar having 
the highest compressive strength which is 37.23 
MPa. However, 0.6 w/c RHA mortar recorded 
lower compressive strength than control mortar at 
all RHA replacement. Although several mortar 
mixtures did not have compressive strength higher 
than control mortar, they can still be used as bricks 
or pavement blocks according to several standards. 
MIRHA mortar with c:s ratio 1:3 consistently has 
higher strength than the ratio of 1:4. The strength 
of 1:3 MIRHA mortar at 7, 28 and 60 days, 
respectively shows variable performance with only 
w/c 0.55 and 0.6 showing increase in strength at 
5% replacement. 1:4 MIRHA mortar consistently 
showed higher strength at 5% replacement for all 
w/c ratios. 

• Most of the samples showed IRS between 0.25 to 
1.5 kg/m

2
.min which is within the acceptable limit. 

Mortars with IRS lower than 0.25 kg/m
2
.min and 

greater than 1.5 kg/m
2
.min are not suitable to be 

used as brick as their properties will affect the 
bonding strength between bricks and mortar. The 
IRS for 1:3 MIRHA mortar bricks ranged from 1.4 
to 2.0 kg/min.m

2
 indicating high suction property 

thus implying the necessity of wetting bricks 
before bricks layering. Based on the initial rates of 
suction for bricks, the mortar samples of 0.60 and 
0.65 water cement ratio are all classified as low 
suction property which is good for application as 
bricks. The IRS of almost all samples in 1:4 
MIRHA mortars were under the value 1.4 
kg/min.m

2
 which indicates acceptable value for 

IRS test; except for higher MIRHA replacement 
values. The percentage of MIRHA in mortar 
affects the IRS rate because the higher amount of 
MIRHA, the higher the value of IRS. It may be one 
of the characteristic of MIRHA to absorb water 
faster in early minutes.  

 
Most of RHA mortars in this research have higher 

water absorption value compared to control mortar and 
the value increases when the RHA replacement is 
increased. This happened because the RHA is coarser 
than cement and its incorporation in the mortar 
mixtures produce more voids. Thus, when more RHA is 
added, more voids are produced which translate into 
higher permeability mortars. The addition of RHA into 
mortars also increases the water absorption due to the 
property of the pozzolanic material to absorb more 
water for hydration process. Thus, insufficient w/c will 
affect the mixing process which results in more voids in 
the samples. It can also be concluded that as the w/c 

increases, the water absorption decreases until it 
reaches the optimum w/c which is 0.6 in this case. 1:3 
MIRHA mortar of w/c 0.60 and 0.65 have fewer pores 
than samples with w/c 0.50 and 0.55. 

RHA has a larger particle sizes compared to 

cement while sand has the largest particle sizes. Sand 

has a larger particle sizes compared to MIRHA and 

cement while cement has the smallest particle sizes. 

 

ACKNOWLEDGMENT 

 

The authors acknowledge the use of facilities of 

Concrete Lab at Universiti Teknologi PETRONAS 

where the casting and testing work was carried out; and 

the assistance provided. 

 

REFERENCES 
 

Abdelalim, A., G.E. Abdelaziz and R. Zahran, 2002. 

Fresh and mechanical properties of the 

cementitious materials containing rice husk ash. 

Eng. Res. J., 84: 15-28. 

Ali, Z.A., 2005. Properties of Malaysian fired clay 

bricks and their evaluation with international 

masonry specifications: A case study. M.A. Thesis, 

Universiti Teknologi Malaysia, Johor, Malaysia. 
Alias, M.N.B., 2011. Effects of mix composition on 

Microwave Incinerated Rice Husk Ash (MIRHA) 
mortar. UG Thesis, Universiti Teknologi 
PETRONAS, Malaysia. 

Alireza,  N.G.,   A.R.   Suraya,   A.A.   Farah   and  
M.S. Amran, 2010. Contribution of rice husk ash to 
the  properties  of  mortar and concrete: A review. 
J. Am. Sci., 6(3): 157-165. 

Anwar, A., 2011. Parametric study on effects of water-
cement ratio to compressive strength of RHA 
mortar. Undergraduate Thesis, Universiti 
Teknologi PETRONAS, Malaysia. 

ASTM C642, 1997. Standard Test Method for Density, 
Absorption and Voids in Hardened Concrete. 
Annual Books of ASTM Standards, Vol. 04.02, 
American Society for Testing and Materials. West 
Conshohocken, Pennsylvania, pp: 308-309. 

ASTM C1585, 2004. Standard Test Method for 
Measurement of Rate of Absorption of Water by 
Hydraulic-Cement Concretes. American Society 
for Testing and Materials, Philadelphia, PA. 

BS 3921, 1985. Specification for Clay Bricks. British 
Standards Institution. Retrieved from: shop.  
bsigroup.com/ProductDetail/?pid = 000000000000 
148616. 

BS 6073, 1981. Specification for Precast Concrete 
Masonry Units. British Standards Institution. 
Retrieved from: shop.bsigroup.com/Product 
Detail/?pid=000000000030100694. 

BS 6717, 2001. Precast, Unreinforced Concrete Paving 
Blocks. Requirements and Test Methods. Retrieved 
from:shop.bsigroup.com/ProductDetail/?pid = 00 
0000000030028594 . 



 

 

Res. J. App. Sci. Eng. Technol., 7(18): 3872-3882, 2014 

 

3882 

Chindraprasirt, P., C. Jaturapitakkul and T. Sinsiri, 
2005. Effect of fly ash fineness on compressive 
strength and pore size of blended cement paste. 
Cement Concrete. Comp., 27(4): 425-428. 

Drysdale, R.G., A.A. Hamid and L.R. Baker, 1994. 
Masonry Structures Behaviour and Design. 
Prentice Hall, Englewood Cliffs, NJ. 

Haron, M.F.B., 2011. Effects of mix composition on 
Rice Husk Ash (RHA) mortar. UG Thesis, 
Universiti Teknologi PETRONAS, Malaysia. 

International Rice Research Institute, (FAO) 2008. 
Retrieved from: http://beta.irri.org/solutions/ 
images/stories/wrs/wrs_jun09_2009_table01_usda
_prod.xls, (Accessed on: June 29, 2011). 

Ismail, M.S. and A.M. Waliuddin, 1996. Effect of rice 
husk ash on high strength concrete. Constr. Build. 
Mater., 10(7): 521-526. 

Jha, J.N. and K.S. Gill, 2006. Effect of rice husk ash on 
lime stabilization. J. Inst. Eng., 87: 33-39. 

Malhotra, V.M., 1993. Fly ash, slag, silica fume and 
rice husk ash in concrete: A review. Concrete Int., 
15(4): 23-28. 

Mehta, P.K., 1992. Rice husk ash: A unique 
supplementary cementing material. Proceedings of 
the CANMET/ACI International Symposium on 
Advances in Concrete Tech. Athens, Greece, pp: 
407-430. 

Mehta, P.K., 2002. Method for Producing a Blended 
Cementitious Composition. U.S. Patent 6451104 
B2. Retrieved from: www.google.com.br/patents/ 
US6451104. 

Nagataki, S., 1994. Mineral admixtures in concrete: 
State  of  the  art  and  trends.  Proceeding  of the 
V. Mohan Malhotra Symposium on Concrete 
Technology: Past, Present and Future. ACI SP-144, 
ACI,  Farmington  Hills,  Michigan,  USA, pp: 
447-482. 

Naji  Givi,  A.,  A.R.  Suraya,  N.A.A.   Farahand   
M.A. Mohd Salleh, 2010. Contribution of rice husk 
ash to the properties of mortar and concrete: A 
review. J. Am. Sci., 6(3): 157-165. 

Nehdi, M., J. Duquette and A.E. Damatty, 2003. 
Performance of rice husk ash produced using a new 
technology as a mineral admixture in concrete. 
Cement Concrete Res., 33(8): 1203-1210. 

Nuruddin, M.F., N. Shafiq and N.L. Mohd Kamal, 
2008. Microwave Incinerated Rice Husk Ash 
(MIRHA) concrete: A new material in concrete 
industry. Proceeding of the UK Malaysia 
Engineering Conference 2008. UTP Institutional 
Repository. 

Pitt, N., 1976. Process for Preparation of Siliceous 
Ashes. U.S. Patent 3959007. 

Rashid, M.H., M.K. Ali Molla and T.U. Ahmed, 2010a. 
Long term effect of rice husk ash on strength of 
mortar. World Econ. Sci. Eng. Tech., 67: 740-743. 

Rodriguez, G.S., 2006. Strength development of 
concrete with rice-husk ash. Cement Concrete 
Comp., 28(2): 158-160. 

Rukzon, S. and P. Chindarprasirt, 2006. Strength of 

ternary blended cement mortar containing Portland 

cement, rice husk ash and fly ash. J. Eng. Inst. 

Thailand, 17: 33. 

Safiuddin, M., J.S. West and K.A. Soudki, 2009. Self-

consolidating High Performance Concrete with 

Rice Husk Ash: Components, Properties and 

Mixture Design. VDM Verlag Dr. Muller, 

Saarbrücken, Germany. 

Saraswathy, V. and S. Ha-Won, 2007. Corrosion 

performance of rice husk ash blended concrete. 

Constr. Build. Mater., 21(8): 1779-1784. 

Schulze, J., 1999. Influence of water-cement ratio and 

cement content on the properties of polymer-

modified  mortars.  Cement  Concrete Res., 29: 

909-915. 

Singh, B., 2007. Concrete block pavements for roads. 

Build. Mater. Constr. World, 13(3): 170-177. 
Sumrerng, R., P. Chindarprasirt and R. Mahachai, 2009. 

Effect of grinding on chemical and physical 
properties of rice husk ash. Int. J. Miner. Metall. 
Mater., 116(2): 242-247. 

Sung-Sik, P., 2010. Effect of wetting on unconfined 
compressive    strength    of    cemented    sands.   
J. Geotech. Geoenviron., 136(12): 1713-1720. 

Tashima,  M.M.,  C.A.R.  Silva,  J.L.  Akasaki and 
M.B. Barbosa, 2004. The possibility of adding the 
Rice Husk Ash (RHA) to the concrete. Proceedings 
of the 2004 International RILEM Conference on 
the Use of Recycled Materials in Building and 
Structures, pp: 778-786. 

Ungsongkhun, T., V. Greepala and P. Nimityongskul, 
2009. The effects of the curing technique on the 
compressive strength of autoclaved aerated mortar. 
Proceeding of the International Conference on 
Excellence in Concrete Construction Through 
Innovation and Concrete Construction. Bangkok, 
Thailand, pp: 57-62. 

Wan,   S.,    K.    Vallyutham,    M.S.    Liew    and   
S.P. Narayanan, 2011. The Effects of Partial 
Replacement of Cement by MIRHA in Cement 
Mortar and Brick, Ravage of Planet 3. 
Management of Natural Resources, Sustainable 
Development and Ecological Hazards, WIT Press. 
ISBN: 978-1-84564-532-8. 

Yusoff, M.F., 2010. Parametric study on effects of 
water cement ratio to compressive strength of 
MIRHA mortar. UG Thesis, Universiti Teknologi 
PETRONAS, Malaysia. 

Zhang, M.H. and V.M. Malhotra, 1996. High-
performance concrete incorporating rice husk ash 
as a supplementary cementing materials. ACI 
Mater. J., 93(6): 629-636. 

Zhang, M.H., R. Lastra and V.M. Malhotra, 1996. Rice-
husk ash paste and concrete: Some aspects of 
hydration and the microstructure of the interfacial 
zone between aggregate and paste. Cement 
Concrete Res., 26(6): 963-977. 

 


