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ABSTRACT 
 
Bottom ash (BA) is a waste material which found 
from the electrical power plant whether collect from 
a boiler or landfill area. While, mortar is a 
construction material which incorporated between 
sand, cement and water. There are a lot of problems 
such as environmental impact and limited sources of 
raw material which able to solve by using waste 
material as a sand replacement in mortar. Thus, BA 
is selected and treated with fully submerging in the 
water to recognise as washed BA. The process is 
used for minimised the carbon content of the BA. 
Washed BA is utilised in a mortar with 5%, 10%, 
15%, 20% and 25% of sand replacement and 
compared the result with control mix (0%) of sand 
replacement. The mortar design mix proportion is 
depended on cement to sand ratio of 1:3 with 0.55 
of water-cement ratio. There are two testings, 
workability for fresh condition and compressive 
strength for hardening condition of the mortar is 
done. As a result, the height of the slump is reduced 
with increasing of the sand replacement in mortar. 
Additionally, the maximum load and compressive 
strength of the mortar is also decreased when the 
washed BA as a sand replacement added. Lastly, the 
specimen with 15% of sand replacement of washed 
BA is the best mortar mix which provided 
reasonable compressive strength and workability for 
further study. 
 
Keywords : Mechanical Behaviour, Mortar, 
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1. INTRODUCTION 
 
The section is divided into numerous parts such as 
bottom ash (BA) in general, waste material in 

Malaysia, problem statement, BA in the mortar and 
other materials as sand replacement in mortar.  

1.1. Bottom Ash 
Bottom ash (BA) is a waste material of coal which 
collected from the boiler or furnace after being used 
in the electrical power plant. Sometimes, BA is 
collected from a boiler or from the landfill area 
which exposed to wet or dry weather conditions and 
exposed to impurities. Normally, there is a lot of 
raw material which utilised as a powerful material to 
generate electricity such as coal and petrol or by 
using natural sources such as wind, sun and water.  
Coal and petrol are a popular way to generate 
electricity in a fast and easy process without any 
time limit and not depending on the season. 
Reference [1] have discussed that coal is a 
worldwide source of energy with 40% of generating 
electricity and started using coal as an energy source 
in Malaysia since 1988. When coal is used, there is 
a lot of amount of waste material will produce. In 
general, there are two forms of waste material which 
produced from a coal electrical power plant is in BA 
and fly ash. Reference [2] stated that BA is referred 
to a fraction which discharged out from the 
combustion chamber while fly ash is entrained with 
the flue gas and collected after a process of flue gas 
cleaning. BA is broadly used in concrete technology 
as sand or cement replacement and highway 
engineering as an additive in road pavement 
production [3]. 

1.2. Waste Material in Malaysia 
Waste material in Malaysia is divided into several 
categories such as solid waste, liquid waste and gas 
waste. All the waste is organised by evaluating the 
population and economic status of the country and 
normally stressed to 3R approach which promoted 
to reduce, reuse and recycle the waste material. 
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Normally, solid waste consists of construction 
waste, agriculture waste, industrial waste, clinical 
waste and household waste. All the sources solid 
waste can be classified into food waste, plastics, 
paper, glass and metals. Reference [4] have reported 
that the waste material is increased eventually from 
18,000 tonnes to more than 30,000 tonnes per day 
by the year 2020 which generated in Peninsular 
Malaysia. The waste material is carried through the 
several recycle processes; some are reused back as 
construction material or other material and some are 
delivered to landfill area which classified as limited 
area and produced a lot of environmental problems. 
The solid waste composition in Malaysia from the 
study of [5] is represented in Figure 1. 
 

 
Figure 1: The typical solid waste structure and 

composition in Malaysia 

1.3. Problem Statement 
Mortar is the construction and building material 
which mixed between the binder especially cement 
or other cement replacement with same size and 
properties of cement, and sand. The mortar is 
separated into several shapes and types according to 
their application. The mortar is consisting of cement 
which the most popular, lime mortar, mud mortar, 
alkali-activated mortar, self-compacting mortar and 
geopolymer mortar. Mortar is classified as a special 
mortar when the natural or traditional material is 
replaced or added with other material from waste or 
artificial product, and also according to mortar 
application. Reference [6] have reported that the 
polymer is used to solve or reduce the disadvantages 
of the mortar and some example of the polymers are 
latex, resins, water-soluble and monomers. The ratio 
between cement and sand is according to application 
such as 1:2, 1:3, 1:4 and etc.  
 
Due to a lot of environmental problems and 
increasing of the human population with parallelly 
increasing of the construction and infrastructure 
project, the traditional raw material for producing 
mortar is becoming limited. Reference [7] have 
mentioned the sand is becoming shortage and a lot 

of environmental problems is affected such as water 
pollution, riverbank erosion, loss of biodiversity, 
deterioration in water quality and riverbed 
degradation. Reference [8] have reported that the 
construction activity is increased, caused the high 
request of the user for using the best and quality 
material, and lastly, the mining activity of the 
material is increasing and creating the unstable of 
environment.  
 
Besides, the extreme weather such as increasing in 
heat frequency is the most important issue of energy 
required in the building. Reference [9] have 
mentioned that the energy efficiency in the building 
is not only minimised the electrical energy demand 
but also focussed on the performance of building 
especially operational energy and material used in 
building. Energy efficiency in the also discussed on 
natural ventilation, carbon dioxide (CO2) emission 
and daylighting, and thermal insulation is very 
costly therefore choose the appropriate material is 
more significant [9].  

1.4. Bottom Ash in Mortar 
BA is used broadly as a cement and sand 
replacement in concrete, mortar or road construction 
material. There are many studies focussed on 
cement and sand replacement, currently. Thus, the 
study in the paper is only concentrated on sand 
replacement in mortar. Reference [10] have reported 
that the BA is contained the reactive fraction with 
pozzolanic properties and the strength of mortar 
with the sand replacement of below 40% of BA is 
causing the improvement. 
 
Reference [11] studied the compressive and flexural 
strength of the mortar made with the coal-based 
pond ash as a sand replacement of 0% to 100% 
which collected from the Bhusawal thermal power 
plant in India. They concluded that the coal-based 
pond ash is able to increase in the amount of CSH 
gel and strength is more practical when replaced the 
sand with 40% in cement mortar. Reference [12] 
have stated that the BA is a porous material and 
utilised as a sand replacement in the mortar by 
volume of 25%, 50%, 75% and 100% for 
determining their mechanical performance. 
Reference [13] have studied the BA as a sand 
replacement in mortar for the percentage of 10%, 
20%, 30%, 40%, 50%, 75% and 100% and 
evaluated the density, thermal conductivity, water 
absorption, ultrasonic pulse velocity, microstructure 
and gas permeability. Reference [14] have studied 
the behaviour of masonry mortar with BA of 20%, 
30%, 40% and 50% as a sand replacement by 
weight with mix proportion of 1:4. 
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Some research on BA is discussed as a sand 
replacement in other types of mortar for instance 
high strength mortar [15], high-performance mortar 
[16] and geopolymer mortar [17]. 

1.5. Other Waste Materials as Sand Replacement 
in Mortar 
There are many researchers is studying the waste 
material or product from the natural weathering 
process as sand in the mortar. Reference [7] have 
mentioned the laterite from an abundant soil 
material which through the natural weathering 
process and used as sand in the mortar after treated 
and processed. Reference [18] have studied the 
effect of compressive strength of granulated 
ferronickel slag which produced from the smelting 
of nickel ore as a sand replacement with the 
percentage of 0%, 25%, 50%, 75% and 100% in 
mortar. Reference [19] have assessed the effect of 
mortar when natural sand is replaced with fine 
recycled concrete aggregate and revealed the 
unfavourable effect on the compressive, flexural 
strength and drying shrinkage in mortar. The 
mechanical behaviour includes compressive and 
tensile strength, and adhesive strength is studied 
when the natural sand in mortar mixes is replaced 
with the waste granite powder by volume (30-40%) 
which collected from cutting and finishing activity 
of granite block production [20].  
 
Besides, the sand replacement with a range of 0 to 
60% of limestone waste which produced from 
cutting and polishing activity is mixed in ratio 1:3 
and 1:6 in volume and lastly evaluated their strength 
by [8]. There is a lot of sand replacement which 
utilised in mortar from waste product such as 
cathode ray tube glass waste [21], rubber ash [22], 
waste glass [23], demolished brick masonry [24], 
crushed rock powder [25], wood ash [26] and 
copper slag [27]. 

1.6. Mechanical Behaviour of the Mortar 
Mechanical behaviour of the mortar is usually 
influenced by the material that's been used in the 
mixes and design mix. The mechanical behaviour of 
the mortar is focalised on strength especially 
compressive, flexural and tensile, toughness, 
durability and elastic modulus. In general, the 
strength behaviour of compressive, flexural and 
tensile is used the cube, beam and cylinder mould, 
respectively for gaining the experimental data. The 
strength is normally obtained after being cured in 3, 
7, 28, 45, 60 or 90 days. The most important 
strength data are collected for early age between 3 
to 7 days of curing and mature age (28 days) of 
curing. The strength is started to increase quickly at 

an early age and continued slowly after an early age.  
The compressive strength of mortar is normally 
related to the strength of cement which increased or 
decreased depending on the formation of CSH gel 
during the hydration which classified as never-
ending progression.  
 
The main objective of the study is to determine the 
mechanical behaviour especially compressive 
strength of the special mortar when incorporating 
with the BA as sand replacement. Next, the second 
objective of the study is to determine the 
workability test of the mortar and check the 
relationship between workability and compressive 
strength test. 
 
2. MATERIAL AND EXPERIMENTAL 
METHOD 
  
Materials that used in the mortar production are 
cement from Portland cement type, natural sand, 
bottom ash (BA) and tap water. Natural sand is 
carried for the cleaning process and distributed into 
the sieving process. BA as shown in Figure 2 (a) is 
passed through the process of cleaning and 
removing or minimising the carbon content by using 
clean water and water tank. The BA is placed in the 
water tank and allowed sink in water for 1 week for 
removing the carbon in BA particle. All carbon in 
the black colour is floating on the water in the tank 
after 1 week and separated by taking them out from 
the tank. The BA is now is became light grey colour 
rather than before in black colour and recognised as 
washed BA. 
 
The mix proportion of the mortar is a 1:3 ratio 
which represented the cement to sand ratio. The 
washed BA has replaced the natural sand in the 
percentage of 5%, 10%, 15%, 20% and 25% as 
illustrated in Figure 2 (b) and (c), respectively. The 
method of the study is limited to the workability test 
and the compressive strength test of the mortar. The 
cube moulds of 100 mm x 100 mm x 100 mm are 
used and the curing process is done with fully 
submerging the specimens in water for 7 and 28 
days. Total of specimens are 36 cubes includes 
control mix (0% sand replacement) and sand 
replacement of 5% to 25%. The water-cement ratio 
of the mortar mixes is 0.55. There is no 
superplasticiser used in the study because to obtain 
the relationship between the workability and 
compressive strength. 
 
All mortar ingredients are placed into the drum 
mixer after being weighted accordingly to mix 
proportions. Then, all ingredients are mixed together 
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in a drum mixer in uniform and fresh mortar is 
placed into cube mould in several layers with fully 
compacting in each layer as shown in Figure 3. 
Other fresh mortar is tested for workability. The 
workability test of mortar is tested by using the 
slump test. After 28 days, the cubes are removed 
from the mould and located in the water tank for the 
curing process. Lastly, the cube is tested for 
compressive strength for 7 and 28 days. All data of 
workability and compressive strength test is 
recorded. In the beginning, BA and washed BA is 
attained and tested to document the result of the 
chemical composition by using X-ray fluorescence 
(XRF) method. The physical behaviour of BA and 
washed BA is observed.   
 

  
(a) 

  
(b) 

 
           (c)                                                               

Figure 2: The photographs of materials (a) bottom ash, 
(b) washed bottom ash and (c) sand 

 

 
Figure 3: The fresh mortar after being mixed 

 
3. RESULT AND DISCUSSION  
 
The result and discussion of the mortar are divided 
into two parts, workability test and compressive 
strength of the mortar. However, the result and 
discussion of the study are started with the chemical 
composition of BA with washed BA which procured 
from the treatment process. The colour of the BA, 
washed BA and sand is recorded that the BA in dark 
grey colour, washed BA in light grey colour and 
sand in the usual colour of brown. In observation, 
BA and washed BA is smoother when compared 
with sand which placed in hand.  

3.1. Chemical Composition 
The chemical composition is important to get some 
information when the treatment process of releasing 
the Carbon content which effected to the mortar 
behaviour is done and organised in Table 1. The 
SiO2 is increased by around 28.10% when BA is 
placed in the water through the process of 
immersing. Although, the composition of Al2O3, 
Fe2O3, TiO2 and CaO are decreased by 
approximately 16.91%, 43.4%, 12.01% and 31.48%, 
respectively. The loss on ignition (LOI) of BA has 
increased about 74.39% when reformed to washed 
BA. The chemical composition of washed BA is 
compared with previous studies. The washed BA is 
recorded to have the same amount of SiO2 and 
Al2O3when compared with the study by [28] and 
[29]. Reference [30] have mentioned about the 
treated BA which consists of the major chemical 
composition of SiO2, Al2O3 and Fe2O3 because the 
BA is classified to contain a glass matter, quartz 
particles, and ferrous and non-ferrous metals.  
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Table 1: The result of the chemical composition of bottom ash, washed bottom ash and bottom ash from the previous study. 

Chemical Composition Bottom Ash Weight 
percent (%) 

Washed Bottom Ash 
Weight percent (%) 

Bottom 
Ash [28]  

Bottom 
Ash [29] 

Silicon Dioxide, SiO2 39.4 54.8 58.7 52.2 
Aluminum Oxide, Al2O3 34.3 28.5 20.1 27.5 

Iron Oxide, Fe2O3 15 8.49 6.2 6.0 
Titanium Dioxide, TiO2 3.08 2.71 - - 
Magnesium Oxide, MgO 1.57 0.35 1.6 1.7 

Calcium Oxide, CaO 6.13 4.2 9.5 5.9 
Sodium Oxide, Na2O - 0.08 0.1 - 

Potassium Oxide, K2O - 0.45 1.0 0.6 
Phosphorus pentoxide, 

P2O5 

- 0.28 - 0.74 

Loss of Ignition (LOI) at 
10000C 0.63 2.46 0.8 1.8 

3.2. Workability Test – Slump 
The result of the slump test of the fresh mortar is 
tabulated in Table 2. The height of slump is 
decreased with increasing of the sand replacement. 
The highest values of the height of the slump are 
5% specimen and the lowest values of the height of 
the slump are 25% specimen among of the sand 
replacement specimen. The percentage difference 
between these two specimens is 76.04% which 
classified a very high value which parallels with the 
high of water absorption. The reduction of 
percentage between control mix with 5%, 10%, 
15%, 20% and 25% is 9.43%, 23.58%, 38.68%, 
59.43% and 78.30%, respectively. The relationship 
between the height of the slump and the percentage 
of sand replacement is illustrated in Figure 4. 
Reference [31] have reported that the workability of 
concrete by using a compacting factor test is 
decreased when the BA as sand replacement. This is 
because the fineness of BA is high when compared 
with sand and the specific surface of BA is large so 
need a lot of water in mixing [31]. The statement of 
water absorption increased with an increasing BA in 
mortar is correspondingly proven by [32] which 
analysed the water absorption of mortar at 28 days 
for 50% and 100% sand replacement is 13.28% and 
20.94%, respectively. 
 

Table 2: The slump test result of the mortar 

No. Specimen Height of 
slump (mm) 

1 Control 
(0%) 106 

2 5% 96 
3 10% 81 
4 15% 65 
5 20% 43 
6 25% 23 

 
 

 

 
Figure 4: The relationship between the sand replacement 

(%) with the height of slump 

3.3. Compressive Strength Test 
The result of the compressive strength of the mortar is 
tabulated in Table 3 and Figure 5. The maximum load 
and compressive strength of the mortar are increased 
when the washed BA as a sand replacement increased 
from 5% to 15%. Nevertheless, when the mortar mix 
incorporated with washed BA more than 15% the 
maximum load and compressive strength are reduced. 
This is because mortar with more than 15% of washed 
BA consists of the largest of air void due to high 
circumstances of water absorption in BA. The early 
compressive strength of the 15% of washed BA is 
shown the highest of maximum load and compressive 
strength when compared with control mix and reported 
increase approximately 16.04%. The control mix 
specimen with 0% of sand replacement is noted to 
have a percentage difference of 31.64% when 
compared between 7 days and 28 days of curing. 
Whereas, the percentage difference between 7 days and 
28 days of curing for 5%, 10%, 15%, 20% and 25% 
sand replacement are 38.87%, 34.94%, 15.14%, 
12.51% and 28.96%, respectively. The percentage 
difference of the control mix specimen with specimen 
of 5%, 10%, 15%, 20% and 25% sand replacement for 
28 days are 13.69%, 11.54%, 4.06%, 12.71% and 
23.37%. The relationship of the percentage of sand 
replacement with compressive strength is illustrated in 
Figure 6.  
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Table 3: The result of the compressive strength of the mortar 

Specimen 
7 days 28 days 

Maximum 
Load (kN) 

Compressive 
Strength (MPa) 

Maximum Load 
(kN) 

Compressive 
Strength (MPa) 

Control (0%) 139.8 13.98 204.5 20.45 
5% 107.9 10.79 176.5 17.65 
10% 117.7 11.77 180.9 18.09 
15% 166.5 16.65 196.2 19.62 
20% 126.8 12.68 178.5 17.85 
25% 137.1 13.71 156.7 15.67 

 

 
Figure 5: The result of the mortar with a different 

percentage of sand replacement 
 

 
Figure 6: The relationship between the compressive 

strength and the percentage of washed bottom ash 

3.4. Relationship between Workability and 
Compressive Strength  
The relationship between workability and 
compressive strength of the mortar with the 
different percentage of the sand replacement is 
analysed and shown in Figure 7. The relationship 
between both factors is represented in the ratio of 
the height of slump to compressive strength of 
mortar on 7 days and 28 days. The figure shown is 
the same graph line pattern for 7 days and 28 days. 
The highest value of ratio for 7 days and 28 days of 
curing is 8.90 and 5.44, respectively which added 
5% of washed BA. Whilst as, the lowest value of 
ratio for 7 days and 28 days of curing is noted to 
have 1.68 and 1.47, respectively. The ratio of the 
height of slump to compressive strength is increased 
when added of 5% sand replacement by using 

washed BA. The ratio is illustrated decreased when 
the sand replacement is increased from 10% to 25%. 
The compressive strength of the mortar is becoming 
low due to the low of workability from the slump 
test. 
 

 
Figure 7: The relationship graph of mortar with different 

percentage of sand replacement 
 

4. CONCLUSION  
 
A study of the mechanical behaviour of washed BA 
as a sand replacement in mortar has been carried out 
and analysed completely. The results are compared 
with the previous study data and the acquirement of 
the result is drawn as the following conclusion: 
 From the experiment, the height of the slump 

of fresh mortar is decreased when the washed 
BA is added. This is because the washed BA is 
very high of water absorption. For further 
study, the superplasticiser will be used for 
solving the water absorption of the mix. 
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 From the compressive strength test, the value 
is decreased with increasing the percentage of 
washed BA in mortar. The best percentage of 
sand replacement with a reasonable value of 
compressive strength on early and mature age 
is 15%. However, when the superplasticiser is 
used in mortar mix probability of the 
compressive strength to be gain is high. 
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