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ABSTRACT. This paper reports the study of water permeability of self-compacting lightweight aggregate concrete.  
In this study, palm clinker (POC) is used to replace normal weight aggregates to produce lightweight concrete.  There 
are two types of mix design in this project. The POC mix as the control mix and POC mix with 10 % Micronised 
Silica (TIA 60) as the cement replacement material and superplasticizers (Rheobuild 1100) to produce the self-
compacting lightweight concrete.  The test cubes are 100 mm x 100 mm x 100 mm size and wet-cured. Slump test and 
compacting factor test are carried out to measure the workability of the concrete.  Durability of the concrete is 
determined by the water permeability test based on ISO/DIS 7031, while the compressive strength of the hardened 
concrete is measured based on BS 1881: Part 2. Water permeability test and compressive strength test are conducted 
on the cubes of these two types of concrete mix at the age of   3 , 7 and 28 days.  This self-compacting lightweight 
concrete is exhibiting unique properties as low water / cement ratio below 0.5 exhibits high workability up to 150 mm 
of slump.  The self-compacting concrete requires minimal vibration to achieve high strength.  The average coefficient 
of water permeability is in the order of 10-11 m/s, which can be classified as an average quality concrete.  The 
reduction of density is approximately 11.2% compared with the OPC normal weight concrete.  This concrete mix is 
expected to be useful for the development of friction piles towards achieving technical, environmental and 
economical advantages for the construction of soft soil foundation.   

 
 
INTRODUCTION 
 

Self-compacting concrete has various advantages for the construction industry with its flowing 
characteristics and capable of filling up all the voids in heavily reinforced section.  It reduces the casting time 
and effort with less vibration for effective compaction [1-10].  Aggregate gradation is one of the components for 
creating self-compacting concrete.  It is necessary, in most cases, to use a coarse aggregate and sand in the 
correct ratio to adequately fill any voids for optimal concrete matrix and enhanced workability. The resulting 
effect is better working environment with less noise and more durable concrete with high performance 
characteristic [11-24]. 

 
Lightweight concrete may be defined as the concrete of substantially lower unit weight than that made 

from gravel or crushed stone. The lightweight concrete is prepared by using light aggregates or formation of air 
voids in concrete by omitting sand or formation of air void in cement paste by the addition of substances which 
produce foam.   
 
 
EXPERIMENTAL WORK 
 
Mix Design 
 

A series of laboratory testing are conducted to study the combined effect of micronised silica and 
superplasticizer to produce a self-compacting concrete. POC concrete mix is cast for grade 20, 25, 30 and 35 
with micronised silica (TIA 60) as the substitution of 10% of cement and 1.2 ml/kg cement of superplasticizer 
(Rheobuild 1100). The design of self-compacting lightweight concrete mix is according to the Department of 
Environment (DOE) method to determine the correct proportions of materials used in a concrete mix. The mix 
proportion for POC concrete and self-compacting lightweight concrete is shown in Table 1 and Table 2 
respectively.  The Department of Environment (DOE) method is applicable for normal concrete mixes.  The 
method was only used as a guideline to the mix design of lightweight concrete.  By using the palm clinker with 
low density as the coarse aggregate, an adjustment was made on the total weight of  the coarse aggregate to be 
used in the mixes.   
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Table 1: The mix proportion for POC concrete 

CEMENT CONTENT AGGREGATE GRADE 

Portland Cement 

(OPC) 

W/ C 

RATIO Coarse 

 (Clinker) 

Fine 

(Sand) 

20 1 0.62 3.17 1.71 

25 1 0.59 2.99 1.61 

30 1 0.54 2.69 1.45 

35 1 0.50 2.44 1.31 

 

Table 2: The mix proportion for self-compacting lightweight concrete 

CEMENT CONTENT AGGREGATE GRADE 

Portland 

Cement 

TIA 60 

W/ C 

RATIO Coarse 

(Clinker) 

Fine 

(Sand) 

SUPER-

PLASTICIZER 

(Rheobuild 1100) 

ml/kg cement 

20 0.9 0.1 0.48 2.83 2.05 1.2 

25 0.9 0.1 0.47 2.67 1.94 1.2 

30 0.9 0.1 0.43 2.40 1.74 1.2 

35 0.9 0.1 0.40 2.18 1.58 1.2 

 

 
Procedure of Batching the Materials 
 

After the trial mix process, the fresh concrete was cast in 100 mm x 100 mm x 100 mm steel mould.  
The moulds have to be greased before placing the concrete. This is to ensure that the concrete cube can be taken 
out from the mould easily. The hand rodding and mechanical vibrations methods are commonly applied in the 
compaction of concrete. The mechanical vibration used in this project is the vibrating table.   

 
The mould can be opened one day after placing the concrete into the mould and the concrete cubes are 

placed in the curing tank at a temperature of around 27 °C.  The concrete cubes were subjected to water 
permeability and compressive strength test at 3, 7 and 28 days. 
 
 
Types of Testing  
 

The analysis of the data obtained from the laboratory works is presented.  The analysis is done to 
determine the proportion of palm clinker concrete with micronised silica (TIA 60) to replace 10% of the total 
cement required and superplasticizers (Rheobuild 1100) to produce self-compacting lightweight concrete with 
maximum compressive strength and minimum water permeability as compared to the control mix.  The 
workability for the concrete is also determined.  
 

 The following tests are also conducted in this project: 
 

i. Sieve analysis for the fine and palm clinker. 
ii. Slump test.  The slump test is based on BS 1881: Part 102: 1983. 

iii. Compressive strength test using the ELE Compact 1500 Machine. 
iv. Water permeability test using KUiTTHO Dual Test System.  This test system is developed based on 

ISO/DIS 7031. 
RESULTS AND DISCUSSION 
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As shown in Figure 1, the average density for these two types of mixture is around 2131 kg/m3 and the 
reduction of the density is about 11.2% compared with the OPC normal weight concrete, which is 2400 kg/m3. 
Thus, it is clearly shown that the density of the POC concrete is lower than the normal weight aggregates 
concrete that it can be classified as the lightweight concrete.  Since the palm clinker is used as the lightweight 
aggregate, the POC concrete is to be known as lightweight aggregate concrete.  
 
 

2000
2050
2100
2150
2200

20 25 30 35

Grade of Mix

Density of Concrete Against Each Grade of Two 
Types of Mixes

POC mix control

Self-compacting
lightweight mix

 
Figure 1: Density of concrete against each grade of two types of mixes 

 
 
 

 
The slump for each grade of POC mix control is in the range of 30 – 70 mm and the slump can be 

considered as medium workability. The workability for each grade of self-compacting lightweight concrete is 
high in the range of 150 – 170 mm slump.  The water / cement ratio for each grade of self-compacting 
lightweight concrete mix is less than 0.5.   This shows that with the presence of superplasticizer (Rheobuild 
1100) as the admixture, high workability can be achieved even though the water /cement ratio is low.   
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Figure 2: Comparison of slump between two types of mixes 

 
Refering to Grade 35 for these two types of mixtures as shown in Figure 3, the compressive strength of 

27.8 MPa can be attained at 3 days for POC mix control while the latter age strength can be obtained at 7 days 
and 28 days were 34.8 MPa and 39.6 MPa.  At the early strength at 3 days the self-compacting lightweight mix 
is 16.27% higher than the control.  For 7 days and 28 days test, the strength is 14.91% and 19.68% higher than 
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control respectively.  The test results indicated that the compressive strength of self-compacting lightweight mix 
is higher than control. The results also clearly shows the effective role of Rheobuild 1100 in increasing the 
workability of concrete. 
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Figure 3: Compressive strength against the age of concrete for Grade 30 
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Figure 4 (a): Relation between coefficient of permeability and age of POC mix 

control. 
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Relation Between Coefficient of Permeability and Age 
of Self-Compacting Lightweight Mix
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Figure 4 (b): Relation between coefficient of permeability and age of self- 

compacting lightweight mix. 
 
 

The tests results for  self-compacting lightweight mix at the age of 3 , 7 and 28 days shows that the 
coefficient of permeability for is lower than the POC control mix. The average coefficient of water permeability 
of the POC control mix is around 10-10 m/s as shown in Figure 4(a). The average coefficient of water 
permeability for the self-compacting lightweight concrete mix is in the order of 10-11 m/s as shown in Figure 
4(b).  The test results indicate that the micronised silica – TIA 60 used as the cement replacement can reduce the 
water permeability of concrete.  
 
 
 
CONCLUSION 
 
Based on the results of the study, the following conclusions can be made. 
 

i. The average density for this mixture is around 2131 kg/m3 which is about 11% lower than the normal 
weight aggregates concrete. 

 
ii. The self-compacting lightweight concrete mix is very flowable and it needs minimal vibration for 

effective compaction in the mould. The average slump for all grades of self-compacting lightweight 
mix is 160 mm. 

                                                                     
iii. The concrete workability can be improved with the use of superplasticizer (Rheobuild 1100).  The 

water cement ratio for every grade of self-compacting lightweight concrete mix is less than 0.5.    
 

iv. The coefficient of water permeability for the self-compacting lightweight concrete mix is around 10-11 
m/s.   
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