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Abstract- Compressive test have been done in different mix ratio of Calcium Hydroxide which has been prepared to replace 
the river sand  in the concrete in form of cubes and cylinders to analyze  the strength of the concrete. The size of the cubes 
that has been used is 100mm x 100mm x 100mm. The cylinders size is 300 mm length and 150 mm diameter as it 
recommended by the Eurocode. 12 cylinders and 52 cubes have been produced, in each samples the percentage of calcium 
hydroxide increased. Results obtained that the strength of concrete increased by replacing the calcium hydroxide. The work  
evaluates four partitions of the calcium hydroxide replacement in sand, started with 0% CH, 20% CH, 30% CH and 40% 
CH. The result obtained that the best mix ratio and best strength when the CH replaced sand at 20%. Besides that, crushed 
block leaching test have been used to determine how much calcium hydroxide has been leached out from the crushed block 
concrete. The  results obtained that the stabilization and solidification has been achieved as the optimum percentage of using 
CH in concrete found and the crushed block leaching elements have not exceed the standard leaching limit values for 
hazardous wastes. 
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I. INTRODUCTION 
 
Throughout the time many researches have been 
conducted to  stabilized and solidified  suitable  waste 
material that could be a good replacement  in  
concrete. Previous studies found that the stabilized 
copper slag has almost the same behaviors as the 
medium sand in the concrete, that lead to the 
utilization of this waste material in place of sand in 
concrete or as an addition admixture with sand.  
Another partial replacement in concrete is bottom 
ash, which has high possibility to evolve to be perfect 
pozzolanic material. There was investigation on the  
usage of fly ash class F as a partially fine  aggregate  
replaced by weight  in concrete  [3].  Previous results  
indicated that cement is an excellent stabilization and  

solidification binder for hazardous waste. 
 
Stabilization is the converting of chemical wastes 
from risky pollutes into more chemically stable form 
that do not harm the environment or any  living 
organisms while solidification  is concerning about 
stealing the waste from solid materials that do not 
contain chemical interactions between the polluted 
material and solidifying additives [4].  
 
Calcium Hydroxide is a fine white powder which is 
an inorganic compound with the chemical formula 
Ca(OH)2. It is a colorless crystal or white powder and 
is obtained when calcium oxide is mixed with water.  
Table 1 represents the common chemical properties 
of Calcium Hydroxide. 

 
Table 1: Chemical properties of Calcium Hydroxide 

 
 

Categorized as scheduled waste SW427 by 
Malaysia’s Environmental Quality Act 2005 [5], 
Calcium Hydroxide is a by-product material which is 
considered as a waste that could be hazardous to 
human life. It can cause severe skin irritation, 
chemical burns, blindness, or lung damage when 

exposed. The huge release of this material in the 
manufacturing processes caused massive increase of 
the amount of this waste on the earth.  
 
Table 2 summarized the worldwide production of 
Calcium Hydroxide.  
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 Table 2: Production of Calcium Hydroxide [6] 

 
 

The main objectives of this study were to investigate 
the effect of using stabilization and solidification 
method to treat Calcium Hydroxide and utilize the 
S/S product in concrete. The study consisted of the 
following tasks:  
1.  Investigate the effect of Calcium Hydroxide 
replacement as fine aggregates on the compressive  
strength of concrete at different curing period.  
2. Evaluate the effect of Calcium Hydroxide 
replacement on the workability and density of 
concrete.  
3. Conduct crushed block leaching testing on the 
concrete.  
 
II. MATERIALS   
 
A.   Cement   
The cement used in this study was ordinary Portland 
cement (OPC) produced by Lafarge Cement 
Malaysia.  This cement is the most widely used in the 
construction industry in Malaysia.  
 
B.  Fine aggregates  
River sand has been utilized in the mixture of 
concrete. It appears in brownish color and has the size 
of aggregates ranging from 0.029mm to 0.0787mm.  
 
C.  Coarse aggregates  
The size of coarse aggregates that have been used in 
this work is range between 10-20 mm.  
  
D. Calcium Hydroxide  
20 kg of dewatered calcium hydroxide was taken 
from a gas manufacturing company in Malaysia for 
this research purpose.  
 
III. RESEARCH METHODOLOGY   
 
The calcium hydroxide waste was mixed with the 
concrete as a replacement over sand in different 
percentage started with 0%, 20%, 30% and 40% of 
sand. The mix ratio followed in this research is 1:1:2 
which is cement: sand: coarse aggregate and water to 
cement ratio of 0.5 according to the consistency, 
coarse aggregate used in this research was in range 
between 10-20mm. 12 cylinders of 300 mm length 
and 150 mm diameter were made each 3 has a 
different percentage of Calcium hydroxide in order to 
take the average of them to find the optimum 
percentage. 4 set of mixes were made with calcium 
hydroxide with size of 100 mm x 100 mm x 100 mm. 
In accordance to the BS 8500 the compressive 

strength of 150 mm and 100 mm cubes are 
considered equivalent. The cubes were made to be 
tested in the universal testing machine in different 
days started from day 1, day 3, day 7, day 14 and day 
28 to record the improvement of the concrete strength 
till it become hardened which is after 28 days  [8].  
The total numbers of the cubes used for compressive 
test are 40 cubes. Another 12 cubes have been made 
in order to test the water absorption [9] and moisture 
content  [10]  to make them in total 52 cubes. After 
the compressive test is done the crushed cubes has 
been collected to be used in the leaching test to test 
the chemical stability of the concrete.  
 
Crushed block leaching test were conducted by 
collecting crushed block of the concrete cubes and 
have been tested by using ICP-OES. Purpose of the 
crushed block leaching test to determine chemical 
reaction of the crushed concrete with the acetic acid 
and to study whether the crushed concrete has 
leached or not. The samples that were tested using 
this technique is 0% and the 20% calcium hydroxide 
which has the highest compressive strength to ensure 
its leaching stability is within the acceptable leaching 
limit [11].  
 
IV. RESULTS AND DISCUSSION  
 
A.  Moisture content of concrete  
The moisture content of Calcium Hydroxide concrete 
shown in Table 3 has been concluded from 3 samples 
for each percentage of calcium hydroxide 
stabilization which are 0%, 20%, 30% and 40%.   
  

Table 3: Moisture content of Calcium Hydroxide 
concrete 

 
 

It can be seen that the moisture content in 0% calcium 
hydroxide has the highest  moisture content. The 
percentage of moisture content reduced in 20%, 30% 
and 40% by an average of 0.5%, 0.6% and 1.87% 
respectively. This explains that when the amount of 
calcium hydroxide is higher the moisture content of 
concrete is lower which can be due to the good 
components of calcium hydroxide which help to bind 
the materials together. The moisture content 
experiment results conclude that calcium hydroxide 
has low moisture content.  
  
B. Water Absorption of Calcium Hydroxide Concrete  
The obtained result in Table 4 shows that the water 
absorption percentage increased gradually with the 
increased amount of calcium hydroxide.   
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  Table 4: Water Absorption of Ca(OH)2 Concrete 

 
 

The percentage of water absorption considered the 
highest in concrete cubes which have 40% of calcium 
hydroxide. The control cubes of 0% have the lowest 
water absorption. Water absorption increased in 
concrete cubes which contain more calcium 
hydroxide. It start increased in cube 20% as the 
absorbed water is 6.49% and have increased more 
and more in concrete cubes  of 30% and 40%. This is 
due to the huge percentage of waste of porous 
calcium hydroxide replacing the content of sand in 
the cubes which decreased the density of the cubes 
that help to absorb more water compared to the 
control cubes.  
  
C.  Compression Strength for Concrete Cylinders  
Compression test has been done for the cylinders and 
cubes in order to test the strength of calcium 
hydroxide in concrete and to find the best ratio that 
could be used in engineering field. Table 5 shows the 
results of the compression test of the concrete 
cylinders which contain of 0%, 20%, 30% and 40% 
of calcium hydroxide as fine aggregate replacement. 
The average result of cylinders was taken to be 
analysed. 
 

 
Figure2: Max force vs. Calcium Hydroxide 

  
The maximum force of the calcium hydroxide 
concrete at 20%  design mix is  632.430  kN  and it 
has been reduced in 30% and 40%  mix which are  
422.6 kN and 286.699  kN respectively. The obtained 
result of the compressive test shows that the 20% of 
calcium design mix is at its optimum strength when 
used as a replacement material for fine aggregate  in 
concrete and it shows that 20% is the maximum 
percentage that can be used as a replacement material 
in concrete because the 30%CH  and 40%CH proved 
to be fail to increase the strength of concrete due to 
the huge percentage  of CH  that have been used as 
replacement in sand.    

D.  Compression Strength for Concrete Cubes  
The results obtained in Table 5 proved that cubes of 
20% of calcium hydroxide has the highest strength 
effect on the concrete compared to  other cubes which 
has different percentage of calcium hydroxide as 30% 
and 40%. The results are approximately equivalent to 
the cylinders compressive strength which affirmed 
that 20% of calcium hydroxide is the maximum force 
and the best mix ratio of calcium hydroxide in 
concrete as a replacement material. The maximum 
force of cubes test increased in 20% as it 292 KN and 
decreased in 40% as the maximum force is 178 KN.  
  
Table 5: Compressive Strength for the concrete cubes 

 
 

Figure 3 shows the arrangement of the cubes concrete 
compressive strength starting from the highest 
strength which is 20% and ending with the lowest 
compressive strength in 40%. The difference point 
between the highest strength and lowest is 10.5. The 
graph shows the improvement of strength gradually 
till day 28 and it's clear that concrete cubes of 
20%CH has the higher strength over all the cubes. 
The strength of the concrete cubes in 20% calcium 
hydroxide has increased progressively as it able to 
resist load of 113 kN in day 1 and gained the 
resistance to 292 kN  in day 28 which explain the 
improvement of the cubes strength. 
 

 
 
E.  Density of Calcium Hydroxide Concrete  
The results of the density of CH concrete in Table 6 
shows that the average value of 0% calcium 
hydroxide has the highest density as it 2238.4 g and 
the lowest density found in the concrete cubes of 40% 
of calcium hydroxide as it is expected due to the large 
amount of calcium hydroxide in the concrete cubes. 
The average value of the samples of 40% is 2126.9 g. 
The concrete cubes of 20% which achieved best 
strength have an average density of 2223.5 g which is 
the nearest value to the maximum density in 0% as 
the difference between both samples is only 14.6 g.   
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Table 6: Density of the concrete cubes 

 
 

F.  Crushed Block Leaching  
The results obtained from the ICP-MS test for the 
crushed block leaching test which able to analyze 
different analyteconcurrently for different days as the 
standard  TCLP 1311 stated which is day 1, day 3, 
day 7, day 15, and day 31. The samples that were 
tested is for 0% of Ca(OH)2. The results obtained 
showed that the concentration for the 0% has a good 
result against leaching effect among all the analytes 
except Magnesium (Mg). Aluminum (Al) and Silver 
(Ag) has leached in all the days  recorded started 
from day 1 till the last day which is 31  as shown in 
Table 7. The other elements have no reaction and 
non-leached. The results of 20% calcium hydroxide 
will be compared with the results obtained from the 
control percentage 0% to evaluate the effect of 
leaching on the percentage with the optimum 
strength.  
  
Table 7. Crushed block leaching test results 0% CH 

 
 

The results showed in Figure 4 and Table 8 
presenting the improvement that occur in the 
elements such as the Magnesium (Mg) compared 

with the result of crushed block leaching for the Mg 
in 0%. In crushed block leaching test, all the elements 
should not pass the leaching limit value which is 
dangerous that could affect the environment and 
effect the stability of the concrete. In accordance to 
the results attached, the 20% of calcium hydroxide 
proved its qualification and ability to be stabled. 
 

 
 

 
 
G.  Scanning Electron Microscope (SEM)  
SEM micrographs of the Calcium Hydroxide before 
and after the stabilization and solidification process 
are shown in Figure 5 and Figure 6 respectively. 
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Figure 5 represents SEM micrograph of Calcium  
Hydroxide before treated by ordinary Portland 
cement. The micrographs showed a well definite 
crystal which can be related to ettringite that can be 
related to CaO.  After 28days of cementitious 
stabilization and solidification, there are 
encapsulation seen in Figure 6, which causes the low 
leachability of the calcium hydroxide concrete cubes.   
 

 
 
CONCLUSION  
 
Calcium hydroxide can be replaced as a filling 
material in limited percentage to be used as a 
concrete admixture. The concrete cube using calcium 
hydroxide as sand replacement has lower moisture 
content. As the results shows the maximum 
compressive strength of concrete in cylinders 
increased at 20% of calcium hydroxide as river sand 

replacement and decreased at 30% and 40 % of 
calcium hydroxide. Compressive strength is increased 
in 20 % of calcium hydroxide due to the good 
qualifications of calcium hydroxide which help in the 
toughness of the concrete. From the crushed block 
leaching test show that highest strength has no  
leached and still not exceed the standard leaching 
limit values which concluded that this waste material 
non-hazardous and can be used in the construction 
industry. The method of stabilization and 
solidification has been successfully achieved as the 
waste of calcium hydroxide achieved higher strength 
with concrete compared with normal concrete and 
low leaching.  
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