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Abstract 
 
The objective of this project was to design an automated filtration 
system for sustainable fish culturing and determine its efficiency of 
solids removal. The filtration system comprised of a sedimentation 
unit, two screen filters and its housing. Water flows from the culture 
tank to the sedimentation unit. Then, it passed through the screen 
filters before being stored in a reservoir. The system removed 85% of 
total suspended solids. Of the suspended solids removed, 63% was 
done by the sedimentation unit, 23% by the first screen filter and 13 
% by the second screen filter. The results showed that sedimentation 
units play an important role in the aquaculture filtration system as 
they can reduce the operation cost of maintaining a filtration system. 
 
Keywords: Filtration System, Fish Culturing, Mechanical Filtering, 
Recirculation Aquaculture System. 
 
Introduction   
 
Recirculating aquaculture system (RAS) is a new form of fish farming 
production system. It allows farmers to control the conditions of the 
indoor or outdoor culture environmental. The cultured fishes produce 
wastes which are proportional to the scale of production. Nitrogenous 
wastes and gaseous exchange are well managed by the current RAS 
systems, but the solid wastes do not [1]. The main reason is the fine 
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solids produced by the fishes, which are not removed effectively from 
the culture environmental with the current technologies. Until today, 
there is no clear guideline to control and remove the different solids 
fractions in an efficient way. Therefore, management and removal of 
solids remands as one of the priority researches in RASs [1-6]. 
 
A high concentration of suspended solids has a negative impact on 
nitrification [1, 7]. Suspended particles damage fishes’ gills directly 
[8] and harbour pathogens indirectly as well as decrease the water 
quality [9]. Poor water quality increases the stress on the fish so it 
weakens their immune system [10-12]. As a result, it affects the fish 
health and growth [13]. The suspended solids can be reduced by 
adjusting the feeds and the feeding strategies carefully, improving the 
design of the tanks and its circulation system, as well as increasing the 
efficiency of the solids removal system [1]. More importantly, large 
particles (>100µm) should be removed from the culture environment 
rapidly. Large particles become small particles after a period of time, 
and small particles are much more difficult and costly to be removed 
[10, 14-16].  
 
The portion of solids can be removed with a sedimentation tank, 
mechanical filter, or swirl separator [17]. However, the most popular 
method of mechanical filtration particle separator is by the use of 
screen [18]. Rotating microscreens are commonly used at land-based 
fish farms in Europe and in South America, often with fine mesh pore 
sizes from 60 to 200µm [19]. Generally, its overall removal of 
suspended solid (TSS) ranged from 71 to 77% [20].  
 
There are number of authors have reported their RAS and their 
achievement of TSS [20].  Pfeiffer et al. [6] had obtained 85% of 
overall TSS for a treatment loop in tilapia grow-out production. Three 
components used in the system which include a swirl separator, a 
propeller-wash bead filter, and a fluidized sand filter. Couturier et al. 
[10] had studied the efficiency of a combination of four swirl 
separators and a drum filter of within the RAS of a salmon-smolt 
hatchery. It was found that the swirl separators and drum filter 
removed 63% and 22% of the generated solids in the system 
respectively. Two particle concentrator systems commonly used at the 
bottom-centre of the tanks in Europe and North America [20] are the 
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Ecotrap® from AquaOptima and the Cornell dual-drain design [21], 
respectively. These systems can achieve above 92% of overall TSS.  
 
2.Material and Method 
 
The developed RAS comprised of a culture tank, a discharge tank and 
a reserve tank. The culture tank was used to culture fishes. It produced 
plenty of solids which consisted of fish faeces and leftover fish food. 
A discharge tank with a sedimentation unit and mechanical filter was 
used to remove the solids from the culturing environment. It was 
placed below the level of the culture tank. Water passed through the 
sedimentation unit before entering the mechanical filtration system. 
Therefore, solids were reduced before entering the mechanical filter. 
It also served as a platform to accumulate the fish faeces for easy 
removal. The reserve tank was used for storing clean and filtered 
water. It was used to replace the water in the culture tank during 
emergency. 
 
The water flowed through all three tanks in one way as shown in 
Figure 1. Backflow was not allowed. From the culture tank, water 
flowed to the discharge tank. The water exited the culture tank from 
the bottom. Due to the design of the culture tank, solids in the culture 
tank were easily removed. Water from the discharge tank was filtered 
before going to the reserve tank. To ensure the water level at the 
culture tank was at the optimum level, water from the reserve tank 
was constantly added to the culture tank. Water level in the reserve 
tank was monitored by using a floating ball to prevent the culture tank 
from overflowing.  
 
The culture tank and the discharge tank were located 0.6 m and 0.2 m 
above the ground level respectively. The reserve tank was located at 
the ground level. This required only one water pump and the rest of 
the flow was induced by gravity. The culture tank was positioned at 
the highest, followed by the discharge tank. The filter was located 
inside the discharge tank. The reserve tank was located lower than the 
discharge tank. Flow from discharge tank to reserve tank did not 
require the aid of a water pump.  
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Figure 1. The water flow 

 
2.1.Mechanical Filtering  
 
Mechanical filtering was used to remove the suspended solids. The 
mechanical filtering media must have sufficient cross sectional area in 
order to provide adequate filtering capacity. Insufficient cross 
sectional area will result in the loss of mechanical filtering efficiency 
and its effectiveness. Screen filters were chosen because its cleaning 
process does not require backwashing. For the prototype, a 
sedimentation unit and two screen filters in series were used. The first 
screen has a larger pore size of 0.4mm. The second screen has a 
smaller pore size of 0.02mm.  

 
2.2.Sedimentation Unit 
 
Figure 2 shows the various components in the discharge tank.  The 
purpose of the sedimentation was to reduce suspended solids by 
removing the sinking solids. The dimension of the settling unit was 
0.3m x 0.66m x 0.2m. The other part of the discharge tank was used 
to house the screen filters. The discharge tank, sedimentation unit and 
the screen filters had been integrated into the prototype as shown is 
Figure 3. The sedimentation unit has an outlet at the bottom to remove 
discharge.  
 
 
 
 
 
 

Culture Tank

Discharge 
TankReserve Tank
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Figure 2 Discharge tank with sedimentation unit and two screen filters 
 

 

Figure 3 The developed prototype 

2.3.First Screen 
 
This screen was also known as the pre-filter. Generally, the pore size 
of the pre-filter was larger than the pore size of the final filter. The 
water passed through this screen from the bottom up. Hence, the first 
screen was an up-flow screen. The reason for using up-flow screen 
was because the suspended solids have an average density which was 
higher than the density of water. The first screen has a rectangular 
shape. As shown in Figure 4, the length and width are 0.15m and 
0.65m respectively that produces a cross sectional area of 0.0975 

Sedimentation Unit 

Screen 
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square meters. For the prototype, a fabric screen with pore size of 
0.4mm/hole was used.  
 

 

 

 

 

 

 
 

Figure 4. First screen (Up Flow) 
 
2.4.Second Screen 
 
  
 

 

 

 

 

 
 

Figure 5. Second screen (Up Flow) 
 

The second screen was the screen placed downstream of the first 
screen as shown in Figure 5. It was the final filter of the filtration 
system. The pore size of the second screen was smaller than the first 
mesh. Similar to the first screen, it was also an up-flow screen and 
rectangular shape. The length and width were 0.13m and 0.65m 
respectively. The cross sectional area was 0.0845 square meters. 
 
2.5.The Design of the Filter Housing 
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The housing was the external cover of the filter. It was also known as 
the casing or canister. Fibre glass was selected as the material for the 
filter housing due to the cost concern. Fibre glass was easier to be 
fabricated and last for a very long time. The filter had been integrated 
with the discharge tank. The tank has a rectangular shape because it 
was common in the market. Besides, a rectangular housing has only 
straight surfaces which allow the use of a straight cut screen filters. 
There were vertical partitions inside the housing, which were held 
using epoxy glue and made from PVC. The partitions and housing 
were sealed using silicone sealant. One compartment was used as a 
sedimentation unit and the design has two screens placed horizontally. 
Figure 6 shows the filter housing layout of the discharge tank. The 
inlet was on the left and the outlet is on the right. This design allows 
the screens to be easily removed for periodic cleaning. Therefore, the 
filter did not require back washing. 
 

 
Figure 6. Filter housing of the discharge tank 

As shown in Figure 7, water entered from the left, moved past the 
vertical partitions and exited from the right. The vertical partitions 
pose as friction in the filtration system. The friction provided by the 
vertical partitions was considered as minor head loss. The vertical 
baffles produced sluice gates and wier gates. 
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Figure 7. Water flow inside the filter housing 

 
2.6.Dimensions 
 
The external housing was 1.0m long, 0.66m wide and 0.3m high. The 
dimensions of the compartment which housed the screen filters must 
be the same as the dimensions of the screen filter to eliminate any 
gaps between the housing and the filter. The mechanical filtering 
performance depends on the flow velocity. A larger cross sectional 
area will allow a lower flow velocity for a specific volumetric flow 
rate. The dimension of the filter housing depended on the volumetric 
flow rate of the water. By using larger filter housing, more water can 
flow though the filter without causing a significant pressure drop 
across the filter element. 
 
2.7.Suspended Solids Measuring 
 
Suspended solids concentration of a sample was measured by 
measuring the light absorbance of the collected sample. A photometer 
was used to measure the light absorbance of the sample as shown in 
Figure 8. A standard reference graph of absorbance against suspended 
solids was produced. Its purpose was to provide a comparison 
between light absorbance value and suspended solids concentration. 
To produce this graph, a sample of solid fish feed was weighed. Solid 
fish feed was chosen because of its similarity to fish faeces in term of 
colour. The solids were added to the water. The mixture was taken as 
the sample and the absorbance test was carried out. The experiment 
was carried out by using a visible light. The wavelength of 600nm 
shows the highest absorbance value. Therefore, 600nm was used for 
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the entire test. The mixture was then diluted by increasing the volume 
of water by two folds. This process was repeated until the photometer 
can no longer measure the light absorbance of the sample.  
 
 
 
 
 
 
 

Figure 8. Light absorbance test 
 

The sedimentation unit of the prototype was tested comparing the 
suspended solids distribution at the entry and at the exit of the 
sedimentation unit. The suspended solids concentration at the entrance 
and exit were measured. The sampling points were (1) and (2) as 
shown in Figure 9. The first screen filter of the prototype was tested 
by comparing the suspended solids distribution after the 
sedimentation unit and after first screen. The sampling points were (2) 
and (3) shown in Figure 9. Similarly, the second screen filter of the 
prototype was tested by comparing the suspended solids after first 
screen and after second screen. The sampling points were (3) and (4) 
as shown in Figure 9. Final TSS calculations for each section were 
determined using a samples collected at the respective points. The 
percent removal efficiency for each section was computed using the 
equation [6]: 

 
𝑅𝐸 = [𝑆𝐼𝑛−𝑆𝑜𝑢𝑡

𝑆𝐼𝑛
] × 100                                           (1) 

where RE: removal efficiency (%), Sin: mean TSS concentration of 
inlet sample for the specific part (g/L) and Sout: mean TSS 
concentration of outlet sample for the part (g/L). The experiments 
were carried out for 4 weeks started from 12 March 2012 until 5 April 
2012. 
 
 
 
 
 
 

 

Sample 

Photometer Light Source 
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Figure 9. Sampling point for sedimentation unit 

3.Results and Discussions  
 
As shown in the Figure 10, the relationship between the absorbance 
and the concentration of the suspended solids was almost linear. The 
absorbance increased proportionally with the concentration of 
suspended solids.  

 

 

1 2 3 4 

Water 
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 Water level 
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Figure 10. Standard graph for absorbance against solids concentration 

Absorbance = 0.08 Concentration + 0.0017        (2) 

When the concentration of suspended solids was higher, there are 
more particles inside the sample that reflect and absorb the light from 
the source. It reduced the intensity of light because light travelled in a 
straight line, and it did not pass through opaque objects. Since light 
was absorbed by dark objects, the absorbance of light reduced the 
intensity of light which made the object appeared dark. The standard 
graph of suspended solids against light absorbance was produced. By 
using the line equation (2), suspended solid concentration of a sample 
can be determined by measuring the light absorbance of the sample. 
With the light absorbance value, the suspended solids concentration of 
the sample can be calculated by rearranging the equation.  
 
350 liter of water was used in the cultural environment. The solid 
waste production rate was 3 g/day. The suspended solids 
concentration before and after the sedimentation unit, is tabulated in 
Table 1. The average suspended solids removal rate was 45.83%. 
Approximately half of the suspended solids have been removed by the 
sedimentation unit itself. The sedimentation unit was effective in 
removing suspended solids because the density of suspended solids 
was higher than the density of water. The results indicate that the 
sedimentation unit can remove more than half of the total removed 
suspended solids. 
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NO. Sampling Point (1),  g/L  Sampling Point (2), g/L  RE, %  
1 0.1288 0.0800 37.89 
2 0.1663 0.0913 45.13 
3 0.1288 0.0660 48.76 
4 0.2575 0.1413 45.15 
5 0.2663 0.1038 61.04 
6 0.1663 0.0788 52.65 
7 0.2288 0.1788 21.85 
8 0.2663 0.1788 32.86 
9 0.2575 0.1038 59.68 
10 0.1663 0.0788 52.64 
Average 45.83 

Table 1. Suspended solids removal by sedimentation unit systems 

The screen filters were evaluated. The suspended solids removal by 
the first screen and second screen are shown in Table 2 and 3 
respectively. The first screen removed approximately half of the 
suspended solids remaining in the water after the sedimentation unit. 
It has an average suspended solid removal rate of 48.94 %. The 
second screen has an average suspended solid removal rate of 
41.15%. The suspended solid removal rate of the screen filters lacked 
consistency because the suspended solids concentration after filtering 
was very low. Every sample was tested three times. However, the 
absorbance reading for the same reading differs. The mean of the 
three values were taken to increase the consistency of the results. 

NO. Sampling Point (2),  g/L  Sampling Point (3), g/L  RE, %  
1 0.08000 0.07000 12.50 
2 0.09125 0.04500 50.68 
3 0.14125 0.05375 61.95 
4 0.10380 0.02875 72.30 
5 0.07875 0.05375 31.75 
6 0.17880 0.12875 27.99 
7 0.17880 0.02875 83.92 
8 0.10380 0.05375 48.22 
9 0.07875 0.06600 16.19 
Average 48.94 

Table 2. Suspended solids removal by first screen filter 
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NO. Sampling Point (1),  g/L  Sampling Point (2), g/L  RE, %  
1 0.07000 0.06600 5.71 
2 0.04500 0.01630 63.78 
3 0.06600 0.05375 18.56 
4 0.05375 0.02875 46.52 
5 0.02875 0.00375 86.96 
6 0.05375 0.01630 69.67 
7 0.12875 0.07875 38.84 
8 0.02875 0.00375 86.95 
9 0.05375 0.02875 46.51 
10 0.06600 0.05375 18.56 
Average 41.15 

Table 3. Suspended solids removal by second screen filter 
 
Figure 11 shows how the suspended solids were removed from the 
filtration system. 63% was removed by the sedimentation unit. 23% 
and 13% were removed by the first screen and the second screen 
respectively. In overall, the filtration system removed 85 % of the 
total suspended solids. This means 15 % of the suspended solids 
remain in the water. This was due to the suspended solids were very 
small, less than 20 microns. These particles were very difficult to be 
removed because of their size. The result obtained was satisfactory 
and it was similar to Pfeiffer et al [6]. Finally, it provided an 
alternative filtration method which was low cost to fish farmer.   

 

Figure 11. Suspended solids removal method 

4.Conclusion 
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 A sustainable automated filtering system has been designed and 
developed. It comprised of a sedimentation unit and two screens. The 
system removed 85% of total suspended solids. Of the suspended 
solids removed, 63% was done by the sedimentation unit, 23% by the 
first screen filter and 13 % by the second screen filter. It provided an 
alternative solution for solids filtration in fish culturing.   
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Abstract 

The effect of tool eccentricity on the joint strength in clinching 
process was investigated. The objective is to understand the 
mechanical behaviour of the clinched joint where proper control on 
the alignment setting of tools can be considered. In this research, a 
clinching process to form a round joint was carried out by offsetting 
the centre line between the upper punch and lower die. The 
experimental results were compared between offset and without offset 
conditions. The factors which determine the quality of joint strength 
such as the interlock and the neck thickness obtained from cross 
section geometry were examined by opening mode and tension-
shearing mode tests. Coated mild steel and aluminium alloy sheets 
were used for the evaluation. It is found that the strength values by 
offset clinching exhibit variation in sinusoidal relationship with 
respect to the in-plane offset direction. These values are generally 
lower by 10-36% for mild steel and 60-70% for aluminium alloy. The 
fatigue strength of a clinched joint with offset generally 5-10% weajer 
cinoared to the one without offset. 

Keywords: Mechanical clinching; tool eccentricity; offset clinching; 
joint strength test. 

1.Introduction 

Mechanical clinching is a cold joining process commonly used to join 
several metal sheet components into a single piece structure by local 
hemming. This method is widely used because of its short time and 
low running cost merits where no additional materials for riveting or 
heat energy for welding, are consumed. The process also exhibits 
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flexibility in joining different types of metal sheets such as aluminium 
alloy with steel to reduce weight of a vehicle structure in automotive 
industry. Among the researches made on the mechanical clinching 
method, Varis and Lepistӧ (2003) established important parameters 
for clinching process by experimental method and finite element 
method (FEM). Varis (2003) examined the joint strength of various 
shapes to determine the suitability for making building frames with 
high-strength structural steel. Varis (2006) further studies the 
economic merit from the point of tool service life by comparing the 
unit cost produced by the mechanical clinching over the self-pierce 
riveting. Abe et al. (2007) studied the method to join aluminium alloy 
with mild steel sheets by investigating the flow stress of deformed 
sheets. Lee et al. (2010) applied FEM on tool design to achieve higher 
joint strength which fulfills the automotive industry standard. 
Coppieters et al. (2011) presented a set of analytical methods by 
simplifying the material geometries and stresses to predict the pull-out 
strength in box-test. Abe et al. (2011) reported that the joint strength 
of rectangular shape displays higher values than the one of round 
shape. A metal flow control method was introduced by Abe et al. 
(2012) to overcome facture failure of high strength steel when 
clinching with aluminium alloy sheet. Mori et al. (2012) compared the 
fatigue strength between mechanical clinching and self-pierce 
riveting, and explained the mechanism of superiority by mechanical 
clinching method. Carboni et al. (2006) found that a tensile-shear 
loaded clinched joint can last for 2x107 cycles at 50% of ultimate 
tensile strength. 

 
Figure. 1. The cross section of a clinched joint and parameter terms, 

interlock ts, neck part tn, reduction of bottom thickness rb. 

tn

ts

rb

Interlock

Neck
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(a) Button separation   (b) Neck fracture 

Figure. 2. Failure modes. 
 
It is reported that the strength of a clinched joint is generally 
determined by the parameters which can be measured from the cross 
sectional geometry of a deformed shape, i.e., the interlock ts and neck 
part tn as denoted in Figure.1. These parameters influence the 
structure to hold the resistance against pulling force and the 
occurrence of failure modes as illustrated in Figure. 2. A typical 
example of a mechanical clinching process is shown in Figure.3 
where two brackets are clinched with a metal based panel at four 
locations to form a holding frame for electrical appliances. For quality 
inspection purpose, the clinched samples are taken for strength test 
where a pair of vertical tension force is applied to separate the joint 
part at each location by sequence. The joint strength is evaluated by 
the maximum pulling force required to separate the joint part. 

 
 

Figure. 3. Clinched structure and pulling force direction for 
strength test. 
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In clinching process, it is common that many small punches and dies 
are placed inside a die-set at specific locations to clinch metal sheet 
pieces simultaneously in one stroke. Because of the complexity in 
setting the alignment for many punches and dies inside a die-set, a 
minor eccentricity due to the displacement between the center axes of 
upper punch and lower die may occur at the initial stage or after a 
long period of service. Assuming the die clearance is given 1mm, a 
deviation of 100µm (10% offset ratio) about the centre axis is 
sometimes ignored within the range of tolerance. In addition, the 
occurrence of minor eccentricity is difficult to be alerted during the 
press operation because of the total forming load shows almost no 
change and the shape irregularity is not noticeable by simple visual 
inspection at the site. Therefore, an evaluation of joint strength by 
offset clinching is essential to provide better understanding about the 
mechanical behaviour of the clinched joint where proper control on 
the alignment setting of tools can be considered.  

2. Evaluation Methods For Offset Clinching 

2.1 Offset clinching conditions 

Figure. 4 shows the layout and dimensions of upper punch and lower 
die used for the offset clinching experiment, and Figure. 5 shows the 
top view plane of the centre axis position O and the loading point at P. 
By considering to move the upper punch in specific direction and 
increment, two parameters are introduced to define the offset 
condition for moving the upper punch. The in-plane offset direction T 
shown in Fig.5 represents the direction angle about the centre point O 
relative to the loading point P (Line OP). When T=0°, it indicates the 
punch is moving to the direction away from the loading point P (See 
Figure. 6(a)), whereas T=180° is towards the loading point P. (See 
Fig. 6(c)). T=90° and 270° are in parallel distance (See Figure. 6(b) 
and Figure. 6(d)).  The offset ratio 'e shown in Figure. 6 is defined by 
the value of punch offset distant from the center point O with respect 
to the initial die clearance.  
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Figure. 4. Layout of offset clinching tool. 

 

 
Figure. 5. Tool center position and loading point. 
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(a) Offset at θ=0°   (b) Offset at θ=90° 

 
(c) Offset at θ=180°   (d) Offset at θ=270° 

Figure. 6. Offset direction of upper punch. 

2.2 Loading tests for joint strength and fatigue strength  

Loading tests are carried out to evaluate the joint strength of clinched 
specimens with offset and without offset conditions. Two type of 
loading mode (See Figure. 7), i.e., opening test and tension-shearing 
test are considered for the evaluation. The maximum force in opening 
test Fo and tension-shearing test Fs are measured until the joint 
structure starts to fail. The conventional method of cross-tension test 
is not considered despite it is an industrial standard for evaluation. 
The opening mode chosen in present research is mainly because the 
button separation failure and neck fracture caused by the opening test 
(Button separation mechanism) is much convenient as it is similar to 
the inspection procedure carried out by the industry in Fig. 3. 

Fatigue tests are carried out on clinched joint of with offset and 
without offset condition at different load level to obtain F-N curves 
(load vs number of cycle). Fatigue limit is set as 2x107 cycles quoting 
from Carboni et al. (2006). 
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(a) Opening test  (b) Tension-shearing test 

Figure. 7. Joint strength tests. 

3. Offset Clinching And Joint Strength Tests 

3.1 Offset clinching 

In this research, two types of material are prepared for comparison 
purpose. Table 1 shows the material properties in tensile test and 
blank thickness, and Table 2 shows the offset conditions for 
implementing the clinching tests.  

 
Materials Thickness 

/ mm 
Tensile 
Strength / 
MPa 

Flow stress / 
MPa 

Elongation 
/ % 

Coated mild 
steel 
GL400 FN 
AZ150 

1.1 380 32.0503HV   28 

Aluminium 
alloy 
A1100 H14 

1.0 120 024.0138HV   18 

Table 1: Material properties and blank thickness. 

FsFo

Fo
Fs

Clinched joint

FsFo

Fo
Fs

Clinched joint



25 
 

 
In-plane offset 
direction T 0°, 90°, 180°, 270° 

Offset ratio 'e 0% (without offset), 25%, 
50%, 75% 

Die clearance 1 mm 
Lubrication Without lubricant 

Specimen size 100mm(length) x 
20mm(width) 

Table 2: Offset clinching conditions 

Clinching tests were carried out at different offset direction θ to 
investigate the effect of tool eccentricity on the forming load. The 
forming load curves by each offset direction θ from experimental 
results are plotted in Figure. 8. It is interesting to see that the results 
by offset conditions show no significant differences with the one 
without offset. This implies that the tool eccentricity is difficult to be 
detected during the press operation. 

 
Figure. 8. Comparison of punch load curves with different offset 

direction θ 

( =50%, rb=60%, coated mild steel). 
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(a) Without offset     

 
     

Figure. 9. Cross section of clinched joint at different offset ratio 

(θ=180°, rb=60%, Coated mild steel). 

Figure. 9 shows the experimental results where the cross section 
of clinched joint, interlock ts, neck thickness tn and coated layer on 
both sides of clinched specimens are examined with respect to the 
offset ratio 'e. The punch is offset to θ=180° direction (moved to the 
right) to form smaller die clearance on right side. The extruded part 
(ear shape) at the bottom side can be seen larger on the right side and 
uneven ear shapes appear at both corners when offset the ratio  is 
given larger than 50%. The results by examining the cross section are 
compared in Figure. 10. 
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(a) Interlock ts      (b) Neck part tn 

 
(c) Coated layer 

Figure. 10. Comparison of thickness parameters between left and 
right side of offset clinched joints (θ=180°, rb=60%, coated mild 

steel). 

In Figure. 10(a), the interlock ts value increases on the right side while 
it decreases on the left side with the increment of offset ratio 'e. The 
different is more than 20% at offset ratio 'e =75% when compared 
with the one without offset. The results imply that higher resistance is 
expected if the loading point is placed on the right side while it is 
weaker on the left side in opening mode. 

On the other hand in Figure. 10(b), the neck part thickness tn 
decreases on the right side due to smaller die clearance given while it 
increases on the left side with the increment of offset ratio 'e. The 
different at offset ratio 'e =75% is about 15% when compared with 
the one without offset. The thinning occurred at the neck part may 
easily induce fracture failure when loading point is placed on right 
side. 

The coated layer is examined by microscope at the neck part of upper 
layer since this location is most likely to cause fracture failure due to 
large stretching. Fig. 10(c) shows a drastic reduction of coated layer 
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on the right side when offset ratio 'e is increased to 50%, while the 
values on the left side remains intact as its original coated thickness. 
The coated layer seems to be completely peeled off due to severe 
deformation and surface friction when the material enters into the 
narrow die clearance by tool offset. 

3.2 Joint strength tests for offset clinching 

Mucha (2011) studied the lock forming mechanism of a clinched joint 
by describing that when a pair of pulling force is applied to separate 
the joint, the internal resistant forces will appear on the layer 
boundary and react at the side corners. The similar phenomenon can 
be applied to describe the case for an offset clinched joint. From the 
illustration in Figure.11, the non-symmetrical deformed shape 
becomes obvious for one to make assumption that the joint strength 
yields different value depending on the positing of loading point and 
the pulling force direction. This is because the influencing parameters, 
the interlock ts and the neck thickness tn, on the left and right sides of 
the joint are found varied at different offset conditions as shown in 
Fig. 10(a) and (b). 

 
(a) Opening test.    (b) Tension-shearing test 

Figure. 11. Illustration of internal force interactions at the layer 
boundary of offset clinched joint. 

Figure. 12(a) and (b) shows the experimental results of joint strength 
at different offset conditions for coated mild steel in opening test and 
tension-shearing test, respectively. The maximum pulling force Fo in 
opening test and Fs in tension-shearing test are plotted against the 
offset direction θ. In addition, different sets of data by varying the 
parameter of offset ratio 'e, are obtained and plotted together when 
the blanks are compressed until the bottom thickness reduction 
rb=60%. The straight line at 'e=0% represents the one without offset 
for comparison purpose. From the data distribution pattern, it can be 

Fs

Fo

Fo

Fs

'e 'e
Internal forcesOffset

Fs

Fo

Fo

Fs

'e 'e
Internal forcesOffset



29 
 

seen that the Fo and Fs values display a sinusoidal relationship with 
respect to the θ parameter where a minimum value exists at θ = 0° and 
a maximum at θ = 180°. The maximum value at θ = 180° can be 
explained by referring to Figure. 11(a) where the upper punch is offset 
to the right of center axis. In this case, the internal resistant forces 
against the opening on right side, appear to be maximum due to 
largest interlock ts is formed on right part. Similar situation can be 
explained by Figure. 12(b) where at θ = 180°, the neck part tn formed 
on the left side becomes largest, and thus the internal resistant forces 
increase to the maximum against shearing. However, the situation is 
reversed at θ = 0° where the strengths turn to minimum with smallest 
interlock ts formed on right side and smallest neck part tn formed on 
left side. 

In opening test from Figure. 12(a), the strength curves by offset 
clinching are generally below the one without offset ('e=0% line), 
and the trend is further down with the increase of offset ratio 'e. 
However, it is interesting to see the strength curves by offset clinching 
in Figure. 12(b) behave in opposite sense in tension-shearing test. The 
phenomenon can be explained by the strain hardening effect takes 
place at the neck part tn for mild steel material (See Table 1 for the 
material flow stress) and thus shows higher values than the one 
without offset, and the trend is further up with the increase of offset 
ratio 'e. 

For the case of opening test for aluminium alloy in Figure. 13(a), 
although the strength curve by offset clinching shows similar pattern 
with the one of mild steel, the values compared to the one without 
offset drop drastically at the same offset ratio 'e=50% (Only data at 
'e=50% is considered in present research). This is because the 
fracture failure takes place at the neck part for aluminium alloy, 
whereas only button separation failure is observed for mild steel when 
the blanks are compressed up to the bottom thickness reduction 
rb=60%. An early clinching experiment result at 'e=0% for 
aluminium alloy shows that the stress at the neck part is somewhere 
reaching the ultimate tensile stress and the material is less ductile to 
cause neck fracture when the blanks are compressed to the bottom 
thickness reduction rb > 40%. 

For the case of tension-shearing test for aluminium alloy, the strength 
curve by offset clinching shown in Figure. 13(b) is below the one 
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without offset. The trend is opposed to the case of mild steel where 
the curves are all located in upper region of 'e=0% line in Fig. 12(b). 
As mentioned before, this phenomenon is due to the fracture failure 
prevailed at rb=60%. 

 

 
  (a) Opening test (b) Tension-shearing test 

Figure 12. Joint strength tests at different offset conditions for coated 
mild steel (Reduction rb=60%). 

 
  (a) Opening test  (b) Tension-shearing test 

Figure 13. Joint strength tests at different offset conditions for 
aluminium alloy (Reduction rb=60%). 

3.3 Fatigue tests for offset clinching 

The tensile loading and unloading fatigue tests are performed at a 
frequency of 10 Hz- 30 Hz. Figure. 14 shows the comparision of 
fatigue test result in tension-shearing mode for coated mild steel 
clinched joint of condition 'e=0%, T=0q and 'e=50%, T=0q for 
coated mild steel sheet metal. The fatigue limit of a clinched joint 
without offset is 50% of maximum pulling force, whereas the fatigue 
limit of a clinched joint with 'e=50% offset is weaken to be 42.5% 
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maximum pulling force. At 50% of maximum pulling force, the 
clinched joint with 'e=50% offset raptured at 2.5x106 cycles which is 
87.5% lower to that of without offset clinched joint 

 

 
Figure. 14. Fatigue of tension-shearing mode with offset clinching for 

coated mild steel (Reduction rb=60%). 

4. Discussion 

The present research is intended to provide a reference on the 
behaviour of joint strength by considering the tolerances of tool 
alignment for mechanical clinching. Generally, the joint strength is 
less influenced by tool eccentricity factor if the material possesses 
higher strain hardening and ductility, such as mild steel is superior 
than aluminium alloy. Although at the same amount of offset distance 
given, the joint strength behaves a great variation with respect to 
offset direction of the punch relative to the loading point. Thus, the 
data is useful for one to make precaution on tool alignment during the 
tool setting or inspection by considering the positions of the clinched 
joints relative to the loading point. For instance at 'e=50% in Fig. 
12(a), the strength reduces to 36% (449N) at θ=0° but only 10% 
(633N) at θ=180°. Therefore, the tool alignment can be done in proper 
way to control the quality of joint strength by using these data. Let say 
the allowable strength is set within 10% fluctuation, the range of 
deviation in tool alignment is acceptable up to 'e=25% if θ=180°±60° 
or 'e=50% if θ=180°±20°. However, for clinching the aluminium 
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alloy sheets, more cautious measure is necessary for the tool 
alignment to be controlled within a narrow range of tolerance since 
the experimental results show that the material strength drops 
drastically by offset clinching and the neck fracture failure is likely to 
occur. Interpolation can be made between the available curves to 
obtain values at specific offset conditions. The evaluation of joint 
strength in opening test is much critical where the pulling forces 
generally yield lower values (about 3 times) than the one of tension-
shearing test. 

Although the maximum pulling force with 'e=50% offset yields 
higher value than the one without offset in tension-shearing mode, but 
the fatigue limit of 'e=50% exhibit lower value. The fatigue strength 
of clinched joint is reduced by 7.5%. This is due to neck thickness, tn 

on the left nand side (see fig. 11(b)) of 'e=50% offset is thinner to 
'e=0%. The crack prevailed earlier at thinner neck. 

5. Conclusions 

The effect of tool eccentricity in mechanical clinching was carried out 
to study the joint strength by offsetting the centre line between the 
upper punch and the lower die. When moving the upper punch, two 
parameters were introduced to define the offset conditions, i,e, the in-
plane offset direction and the offset ratio for evaluating the joint 
strength in opening test and tension-shearing test. The following 
results were obtained: 

1. The total forming loads by offset clinching show no significant 
difference with the one without offset despite extreme offset 
conditions are given (up to 75% offset ratio).  

2. However, the interlock and neck thickness values obtained by 
offset clinching show great differences because of the non-
symmetrical deformation and thus create an impact on the joint 
strength.  

3. From the strength test results, the maximum pulling force displays 
a variation of distribution with respect to the angle of offset 
direction at specific offset ratio and the curve is assumed to be in 
sinusoidal relationship.  

4. For the case of opening test at 50% offset ratio, the joint strength 
is reduced by 10-36% for mild steel, and 60-70% for aluminium 
alloy (consider the range between minimum and maximum 
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points). While for the case of tension-shearing test, the joint 
strength shows an increase trend by 5-12% for mild steel due to 
strain-hardening effect, but in decrease trend by 6-11% for 
aluminium alloy.  

5. The coated layer at the neck part seems to be completely peeled 
off at 50% offset ratio due to the blanks are stretched through a 
narrower die clearance at one side by tool offset.  

6. The fatigue strength of a clinched joint with offset is generally 5-
10% weaker to a clinched joint without offset. 

7. The present research is intended to provide a reference on the 
behaviour of joint strength by considering the tolerances of tool 
alignment for mechanical clinching. 
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Abstract 

Most contractors leave the rebar laps exposed to the environment 
without any protection in on-site construction. Corrosion damage of 
the rebar is a serious problem that needs to be addressed, as it is a 
major problem that affects the characteristics of the reinforced 
concrete structures. In this research paper attention is drawn on the 
environmental corrosion of the rebar laps, how the exposure to the 
environment influences the rebar laps, and ways of protecting it from 
corrosion. Moreover this research is based to find out how the plastic 
dip method can help in the protection of the rebar laps. And also to 
see how this method differs from other methods, and why this method 
can be a possible solution to the problem. The research was done 
through some experimentation and the results were evaluated by 
visual observation. The research has brought a conclusion that the 
protection of exposed rebar laps at construction sites with the plastic 
dip paint is in fact a user friendly and economical solution for the 
problem. 

 
Keywords:Corrosion; Rebar laps; Plastic dip paint; User friendly; 
Economical; visual observation. 

1. Introduction 
Corrosion of reinforcing steel is a major issue in the construction 
industry. One of the most essential issues that need to be taken into 
account here is that the corrosion of the reinforcement bar will affect 
various mechanical properties of the reinforced concrete. Amongst 
them, the stress transfer or bond action between the reinforcement 
bars and concrete will be remarkable. The tensile strength of concrete 
is typically only about 8% - 15% of its compressive strength 
(MacGregor, 1992). Hence, in design the tensile strength of concrete 
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is ignored and the reinforcement is needed to overcome the internal 
forces and moment. The tensile and compressive forces are passed on 
to reinforcement through bond action. Corrosion being a process 
which affects the bond strength of the steel and concrete, actions must 
be taken in order to minimize the effect of it. 

 
In on-site constructions, the limit of casting concrete for columns is 
maximum 3m per time. Therefore for buildings higher than this, the 
connecting laps remains uncovered for a while, and due to many other 
reasons the casting may not be continued and the rebar laps remain 
exposed to the surrounding environment at the construction sites. This 
assists the rebar laps to corrode; hence the bond strength of the rebar 
laps is reduced for the subsequent concrete casted. 

 
As it has been previously mentioned, the prevention of corrosion of 
reinforcement bar is essential as it is associated with the safety of civil 
engineering buildings and structures. Moreover, finding easier and 
cost effective ways to protect the rebar laps in on-site construction is 
highly needed. 

 
2. Methodology 
For the ease of handling, specimens of 150mm x 150mm x 300 mm 
concrete columns were made, which means the weight of the samples 
were roughly 16.2 kg each. 

The steel bars being one of the major influential constituent of the 
research, T12 steel bars were used as the main reinforcement and for 
the links it was used R6 bars. The T12 bars were twice the length of 
the sample specimens so half the length of the bars protruding from 
the specimen, since the spraying of the paints is done on these bars. 
The R6 had no major function other than holding the main 
reinforcement in position while the casting was being done. 
The experiments were based on to find out the effectiveness of 
different spray paints in protecting the rebar laps from environmental 
corrosion. The paints used were a gloss protective enamel spray, 
galvanizing spray, cement slurry and the plastic dip paint. 
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Figure 1. Steel reinforcement 
Gloss protective enamel is a spray which is used on metal surfaces to 
stop rusting on it. This enamel spray creates a glossy finish on the 
surface. This spray dries in approximately 4 hours and is a durable 
paint which helps prevent rusting. 
Cold galvanising spray is also a spray used on the metal surfaces for 
corrosion protection. This sprays stops creeping rust and is fast 
drying. Moreover it is easy to apply and can be used as a top coat 
primer. It is compatible with most paint finishes and contains no CFC 
or lead.  
Plastic dip paint is also used as a protection of the metal surfaces from 
corrosion. For this research this was the main item of interest. The 
whole research was based on identifying the effectiveness of this paint 
on the corrosion protection of the rebar laps. Even though this paint is 
used for car parts, machines and tools, the application of this paint on 
the rebar for its protection from the corrosion was tested in this 
research. 
The cement slurry is just a mixture of cement and water. This is used 
conventionally and until today it is used as a protection method for 
exposed rebar laps at construction sites. About half the amount of 
water for the cement used was mixed to form the slurry used for this 
experiments. For the experiments 223.6g of cement slurry was used. 
 
The experimental procedure for this research involved mainly of three 
steps. The experiments were done at SEGi University, and hence, 
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using some materials and equipment provided by the University. The 
experimental procedure for the research was as follows; 

 
i. Preparation of Specimens / Casting of Specimens, 

ii. Spraying the paints and, 

iii. Taking photos / Experimental testing 
 

Some factors such as preparation of moulds, preparation of the 
reinforcement cage, time required for the specimens to set and 
removal of the formwork had to be well-thought-out for instance. The 
casting of specimen, leaving them to set and removing the specimens 
from the moulds were done at SEGi University. 
 
 

 
 
 
 
 
 
 
 

Figure 2. Preparation of Specimens 
 

Each sample was sprayed with a different paint on the third day of 
casting. The spraying was done according to the instructions given on 
the label of the spray bottles. 

 
1. Cement slurry; 

x Clean the surface from grease and dust and make sure 
it is dry 

x Use a brush to apply the cement slurry on the surface. 
x Apply 3 coats of cement slurry  in every 5 minutes 

when the previous coat is a bit dried 
 

2. Gloss protective enamel and galvanizing spray; 
x First clean the surface well and let it dry. 
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x Shake the can vigorously for two minutes. 
x Hold the can upright and spray in a back and forth 

direction, slightly overlapping each stroke. 
x Keep the can the same distance from the surface and in 

motion while spraying. 
x Apply 2 light coats in 3 minutes apart and then another 

coat 15 minutes later. 
 

3. Plastic dip paint; 
x Clean and dry the dust, dirt, rust and others on spraying 

surfaces. 
x Repeatedly shake this product for 1 to 2 minutes, shake 

the inside contents. 
x Press the nozzle, spray evenly back and forth at a 

distance of 15 to 25cm from surface. 
x Spray 6 to 8 layers in every 3 minutes for the best 

results. 
Visual observations are the only testing involved for the research. It 
consisted of taking photos and spotting the difference in the surfaces 
of the bars for a proper comparison of the changes involved in the 
observation period of the experiments.  

 
The observation period of the experiments was 28 days. This is the 
time required the concrete to gain its most of the compressive strength 
and therefore cast the subsequent part of the structure.  Photos were 
taken at different time intervals within these 28 days, which resembles 
the normal construction procedures. 

 
For the comparison of the effect of exposure to the environment on 
the five samples, the control, sample with plastic dip spray, sample 
with protective enamel, sample with galvanizing spray and the sample 
with cement slurry, photos were taken on the third, seventh and 
twenty-eighth day of spraying on the samples. 

 
3. Results And Discussion 
Analysis of cost effectiveness of different sprays was considered first. 
It should be noted in the first table shown, the price for each spray 
bottle is for the net weight of the bottle and the price for cement is for 
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the whole bag of 50 kg, and hence these prices are considered as the 

raw prices of the protection methods used.  
 

Table 1. Raw prices of the protection methods that were used for 
the experimental testing. 

 

Here, it should also be noted from the Table 2,  the amount of spray 
used was depended on the instructions given on the label of the spray 
bottle. The surface area to which each spray applied was equal. 

 

         Type of 
paint   

   (protection 
method) 

(Weight / entire 
bottle) 

         Net weight 
(g) 

  
        Price (RM) 

/ Item 

Control (No Paint) 0.00 0.00 

Protective Enamel 
Paint 

423.15 45.90 

Galvanizing Paint 514.56 45.50 

Cement Slurry 50,000 18.00 

Plastic Dip Paint 430.43 19.90 

  
Amount of the spray used (g) 

Type of  spray paint 
(protection method) 

 
Initial    

weight (g) 

 
Final 

weight 
(g) 

 
Amount 
used (g) 

Control (No Paint) 0.00 0.00    0.00 



41 
 

 

 

 

 

 

 

 

Table 2. Amount of spray used. 

 

Table 3. Price per Gram per surface area. 

 

From the results obtained in the Table 3, a bar graph was plotted for 
the price per gram per surface area for each spray paint as shown 
below. 

Protective Enamel Paint 423.15 368.65    54.50 

Galvanizing Paint 514.56 465.73    48.80 

Cement Slurry 223.60 78.26  145.30 

Plastic Dip 
Paint 

430.43 206.83  223.60    

Type of paint Amount 
used(g) 

Price  (RM) / 
g x102 

Surface 
area 

Control (no 
paint) 

0 0 0.0115 m2 

Protective 
enamel paint 

54.5 10.8 0.0115 m2 

Galvanizing 
paint 

48.8 8.88 0.0115 m2 

Cement slurry  145.3  0.36 0.0115 m2 

Plastic dip paint 223.6 4.62 0.0115 m2 
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Figure 3. Comparison Between Prices 
 

Secondly the user friendliness of the spray paints was considered. The 
user friendliness of the methods used for protecting the rebar laps for 
the experiments was determined in terms of the ease of application 
and the ease at which it could be removed. 
Figure 4 below shows the removability of the plastic dip paint. It 
should be noted that the plastic dip is a paint which, when harden on 
the metal surfaces, it gives a rubber covering and hence, it could be 
easily removed even with the bare hands as shown in the figure. 
  
 
 
 
 
 
 
 
 
  

Figure 4. The Removability of Plastic Dip Paint 



43 
 

0

1

2

3

4

5

6

Control Protective enamel Galvanizing paint Cement slurry Plastic dip paint

ease of application

ease of removal

In order to understand the user friendliness of each protection method 
in an effective way, a graph was plotted. However, before plotting the 
graph a scaling for the user friendliness was required. Therefore scales 
of zero to five were provided for the ease of application, and scales of 
zero to five were given for the removability of the paint. For which 
the ease of application and removability increases as the number 
increase. 

 

Figure 5. The user-friendliness of different protection methods. 

Figure 6 shows the five specimens used for the experimental testing 
before application of the paints. As clearly seen, the bars were clean 
and rust free at the beginning. 
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Figure 6. Specimens before paint was applied 
 

The photos taken for the control specimen on day zero, day three, day 
seven and day twenty eight was arranged in order that the 
transformation could be observed easily. From the Figure 7, it is 
observed that the control specimen goes on increasing the state of 
corrosion as it was expected. 

 

 
Figure 7. Rusting on the Control Specimens During the  Experimental 

Period. 
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The photos that were taken on the third day was analysed for 
individual specimen in order to understand the efficiency of the paints 
on the protection of corrosion in this period of the experiments. It was 
observed from the photos that there was no significant sign of rusting 
on any of the specimens except for the control specimen. However, 
there was a bit of rusting observed on one of the bars of the sample 
with the cement slurry. 
It was also observed that there was not a single pitch of rust on the 
surface of the bar, with the plastic dip paint; on the time the paint was 
removed on day three. 

Figure 8 below shows the state of rust observed on each sample on 
day three of the experiment. The right-most photo shows the specimen 
with plastic dip with paint removed from one bar.  

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

Figure 8.  Results for All Specimens on Day 3 
 
Likewise, the states of corrosion of the specimens were observed for 
day seven, which were still exposed outside in the normal Malaysian 
environmental conditions. It was observed from the photos that there 
were signs of rust on each specimen except for the plastic dip.  

 
The control specimen has shown a heavier coat of rust. It should be 
noted that from the photo below right, which is Figure 9, the bar with 
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rust was the bar from which paint was removed on the third day and 
the bar with no stain of rust is the newly removed bar. 

 
 
 
 
 
 

 

   

 

 

 

 

 

 

 

Figure 9. Results for All Specimens on Day 7 
 

Once again, the photos were taken for the last time on day twenty 
eight for the visual observation and comparison, and therefore the 
photos were used to analyze the state of corrosion on each specimen 
for the twenty eighth day of experimental testing or observation. 

To follow the same procedure as to the other two days of observation, 
paint was removed as there was no sign of rust on the outside of the 
paint observed on plastic dip paint, and it was again observed that 
there was no  stain of rust on the inside of the surface of the bar. 
However, all other samples have shown an increased state of rusting. 
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Figure 10. Results for All Specimens on Day 28 
 
The Figure 11 shows the specimen with the plastic dip paint at the 
different observation days; here it was observed as mentioned 
previously, the plastic dip paint gives an efficient protection for the 
rebar. Here it should be noted that the bar with rusting on it for day 
seven and day twenty eight was the bar from which paint was 
removed on the third day. The bar with no rusting was with paint 
removed on the day of observation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Specimens with Plastic Dip Paint at Different Time 
Intervals. 
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From the final results obtained, which were the photos taken at the 
day twenty eight of the observation, a comparison was made for each 
protection method used, and hence concluding the efficiency of the 
protection methods in terms of prevention of rust in twenty eight days. 
The comparison was made by the help of the following figure. 
 
From Figure 12 below it is clearly observed that the plastic dip paint 
was the most efficient way to protect the rebar laps from corrosion as 
all other specimen shows rusting on it while the plastic dip shows its 
effectiveness in corrosion protection in this period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Final Observation Results for All Specimens. 
 
 

4. Conclusion And Recommendations  
The effect of environmental corrosion of the rebar laps was studied in 
this research through visual observations, in order to determine the 
effectiveness of different protection methods on the rebar laps in 
terms of corrosion efficiency in protection, by analysing how well it 
has managed to protect the bars from rusting throughout the 
experimental period. The effectiveness of protection methods were 
was also analysed in terms cost and user friendliness. For this 



49 
 

research, the conclusions were derived based on the results and 
observations that were discussed in Chapter 4: 

i. Cost effectiveness 

Gloss protective enamel had the highest cost amongst the four 
methods used. 
Cement slurry was the cheapest method of protection among 
these methods. 
The plastic dip painting may not be cheaper than the cement 
slurry; however it outweighs the effectiveness of the cement 
slurry method in terms of efficiency and user friendliness. 
 

ii. User friendliness 

None of the paints used was easy to remove once dried on the 
surface of the rebar, except for the plastic dip. 
Easy removability of the plastic dip paint has shown its user 
friendliness in the usage of this paint. 

 
iii. Efficiency 

Results showed that all paintings offered a significant 
protection against atmospheric corrosion, especially the plastic 
dip paint. 
After removing of paint from the bar with the plastic dip paint 
showed its efficiency in protecting the rebar from 
environmental corrosion. 
 

iv. Visual observations of the bars showed that the bars coated 
with the galvanizing paint    and the normal protective enamel 
show a pitting corrosion over the base of the bars. This may be 
due to the lacking of the paint in the area. 

v. The plastic dip paint has shown its efficiency in all the aspects 
that the research has covered; hence it is important to derive or 
understand why this paint is so effective in corrosion 
prevention in metals. It may be because as previously 
mentioned in the literature review; this paint displays a rubber 
coat of a protective film which sticks on the surface covering 
the entire surface and protecting it from the environmental 
factors. 
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Abstract 

The implementation of Industrialized Building Systems (IBS) has 
been introduced in Malaysian construction industries since early 
1960s and the government has successfully launched the first IBS 
project which was known as Pekeliling Flats, Kuala Lumpur with low 
cost and affordable project.  The survey conducted by CIDB Malaysia 
indicated that the adoption of IBS in local construction industry still 
considered as not reach to the satisfaction level although the adoption 
of IBS have been intensively introduced and promoted by the 
government and private sectors from the early stage. The usage of IBS 
still remains low definitely due to the barriers that hinder the 
implementation of IBS in the construction industries. Research was 
conducted using quantitative research approach through questionnaire 
surveys. The analysis method is mainly derived from descriptive 
analysis. Thus, this study is conducted to improve the adoption of IBS 
in local construction industry by identifying the main factors and 
current awareness on the usage of IBS. This study also concentrates to 
improve the strategies with the purpose to maximize the 
implementation of IBS in Malaysian construction industries. More 
effective strategies will be generated to enhance the rate of IBS 
adoption and minimize the barriers to the minimum level. 

1.Introduction 
In the era of globalization, construction industry is generally 
developing rapidly towards the modernization sector. Nowadays, 
construction industries in Malaysia are also no exception in the efforts 
of pushing forward into the industrialized country in order to achieve 
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the Vision 2020 launched by the Ex-Prime Minister YAB Tun Dato’ 
Seri Dr Mahathir bin Mohamad. With the rapid growth of economy 
and population in Malaysia, the demand for the market in construction 
industries is relatively increasing especially for the residential 
development projects. Thus, the government has launched the 
affordable and medium cost housing projects in the way to meet the 
highly demands required by the communities in Malaysia. However, 
the common practice of conventional method mostly adopted in the 
Malaysian construction industries is definitely slow down the 
construction process. The solution to overcome this problem issue is 
by the introduction of Industrialized Building System (IBS) to be 
implemented in the construction projects in Malaysian construction 
industries.  

IBS is a construction method whereby the components are 
prefabricated and manufactured off-site in the factories, transported to 
the site and assembled by the advanced technology machinery and 
skilled workers with minimum time and works on site. For the IBS 
components, it is divided into five major types which comprising of 
precast concrete framing, panel and box systems, steel formwork 
systems, steel framing systems, prefabricated timber framing systems 
and block systems (Construction industry development board (CIDB 
Malaysia, 2003). These prefabrication components are designed and 
manufactured in standardization and ready to be transported and 
assembled on site which results in reduction of working time and 
fewer workers required. 

The IBS in Malaysian construction industry is not considered as new 
system as it was introduced since early 1960. According to CIDB, the 
Malaysian government has successfully launched the first IBS project 
with low cost building at Jalan Pekeliling known as Pekeliling Flats in 
Kuala Lumpur and the Rifle Range Road Flats in Penang in 1966-
1968 by using precast elements. The IBS Roadmap 2003 - 2010 has 
been endorsed by the Cabinet of Ministers to be the blueprint 
document for the industrialization of the Malaysian construction 
sector (CIDB, 2003). The IBS has been promoted widely by the 
Construction Industry Development Board of Malaysia (CIDB) in the 
Malaysian construction industry since 1998. However, the percentage 
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for the usage of IBS for construction projects is still in low level. 
From a survey conducted by CIDB Malaysia, the usage level of IBS 
in the local construction industry stands at only 15% (CIDB, 2003). 
The undesirable result obtained based on the IBS Survey 2003 
showed that 85% of the construction industry practitioners still rely on 
the conventional construction method. 

There are several factors that restrict the usage of IBS to be 
implemented by the construction industry in Selangor, Malaysia. The 
primary factor is the low cost foreign labour to be hired in a huge 
amount to work in the local construction industries. Thus, the major 
purpose to promote the IBS is to minimize the dependency of foreign 
labour in order to develop the Malaysian construction industries 
towards high quality, productivity and safety. Indeed, the 
implementation of IBS provides benefits to the construction industry. 
The IBS, which enables on-site prefabricated or pre-cast building 
components manufactured at factories, will enable cost saving and 
quality improvement through the reduction of labour intensity and 
construction standardization (CIDB, 2003). In addition, it provides 
environmental friendly by the reduction of construction wastes such 
as timber formworks, concrete and aggregate, thus enhance the 
construction cost to be reduced. 

Integration between government sector and private sector in the 
efforts to expose the awareness and strategy to improve and maximize 
the implementation of IBS construction project in Selangor, Malaysia 
is equally important to enhance the local construction development 
towards the global competitiveness. 

2.Research Method 
The study was conducted in Petaling Jaya, Selangor in maximizing 
the usage of IBS in construction projects. There were 275 consultants 
took part in the surveys conducted. 152 questionnaires were collected 
out of 275 distributed. Qualitative and quantitative methods were used 
to conduct the research. All data obtained were analyzed using SPSS 
software. Data was examined by using descriptive analysis.  
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3.Data Analysis And Findings 
A. Demographic data 
 

 
 
 
 
 
 
 
 

Figure 1. Grade of the respondents (contractor) 

Figure 1 showed the results on the grade of Contractor for the 
respondents in the construction industry. There are 33 respondents are 
the Contractors with the grade of G7 in the CIDB registration list. 
However, there are 119 respondents are not the Contractors with any 
grade which represented the other construction parties in the G7 
Contractors’ firms. 
 
 
 
 
 
 
 
 
 
 

Figure 2. Position of the respondent 

Based on the results showed in Figure 2, it can be found that most of 
the respondents to conduct the research are Site Quantity Surveyors 
with are 49 of 152 respondents. The second highest are the 
Contractors with 32 respondents and followed by Site Engineer with 
30 respondents. Besides, there are 21 respondents are the Sub-
Contractors, 10 respondents are the Site Supervisors and followed by 
6 respondents are the Project Architects. There are only 4 respondents 
are the Project Managers. 
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Figure 3. Qualification of the respondent 

 
According to Figure 3, there are 76 respondents have the qualification 
of education for Bachelor’s Degree and followed by 27 respondents 
have the Professional Certificate. Next, there are 18 respondents 
having the Diploma Certificate and 16 respondents are the Master’s 
Degree holders. In addition, there are 7 respondents are the Honour’s 
Degree holders and followed by 6 respondents with Certificate. 
Lastly, there are only 2 respondents have the Doctor of Philosophy 
(PhD) among 152 respondents from this research. 

B. Analysis and findings 
Responsibility of construction parties to IBS.  

Figure 4 expressed the results for the construction parties are 
responsible for the implementation of IBS in construction industry 
based on the level of agreement by the respondents. The position of 
the construction parties have been arranged based on the value of 
mean obtained. Figure IV presented that all of the respondents agree 
and strongly agree that designer is the main construction party that 
should responsible for the implementation of IBS with the highest 
mean score of 4.30 among the other construction parties. The reason 
that the designer has the highest responsibility to implement IBS is 
because of mostly the designers are from the Architects and Structural 
Engineers. They play the significant roles in designing the various 
types IBS components to avoid any improper planning in their design 
or other problems that could lead the barriers for the implementation 
of IBS.  



58 
 

The second highest rank with the mean score of 4.25 is the 
manufacturer. Manufacturer should responsible for the 
implementation of IBS because the IBS components are required to be 
manufactured off-site in the factory before transported to the site for 
installation works. The following is the Contractor with the mean 
score of 4.24. Contractors are considered as the significant parties that 
should responsible for the adoption of IBS because they have the role 
to transform the conventional construction method to IBS method 
with the aim to produce high quality and effective works in the local 
construction industry in order to meet the qualification to compete in 
this mechanization era. Next, developer is positioned in the fourth 
place with the mean score of 3.81. Developer is also considered as 
part of the construction party that should contribute to the 
implementation of IBS in private construction sector. 

However, most of the respondents disagree that the supplier, sub-
contractor and project manager have the responsibility to the 
implementation of IBS. The mean score for supplier is 2.61, sub-
contractor with 2.59 and 2.49 for project manager that ranked in the 
lower position. It can be concluded that supplier, sub-contractor and 
project manager are not considered as the significant construction 
parties that should responsible to the implementation of IBS. 
 

 

Figure 4. Responsibility of construction parties to IBS. 

Construction parties that should involve in IBS 

Figure 5 showed the results on the level of importance for each 
construction parties which should involve in the implementation of 
IBS in construction industry based on the understanding of the 
respondents. The results have been analyzed according to the value of 
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mean obtained. All the respondents agreed that the manufacturer is the 
most important construction party which should involve in the 
implementation of IBS with the highest mean score of 4.49. This is 
because the manufacturer for IBS is mainly to fabricate most of the 
IBS precast components that required to be installed on site. 

The second highest position with the mean score of 4.47 is the 
designer. Involvement of the designers is very important to ensure that 
all the precast components can be designed properly and able to fulfill 
the client’s requirements. The third highest rank is the Contractor with 
the mean score of 4.45 due to the reason that the Contractors are the 
one to construct the building and have the connection with all the 
construction parties involved in the IBS project which playing the 
main role to influence the perspective of the construction parties on 
the adoption of IBS. Next, the developer achieved the mean score of 
4.21 which ranked in the fourth positioned. The contribution of 
developer to the implementation of IBS in the private construction 
sector is very important which could increase the rate for the adoption 
of IBS in the local construction industry. 

In addition, most of the respondents responded that the supplier is an 
important party that should involve in the implementation of IBS with 
the mean score of 3.88. All the precast components will be ordered by 
the Contractors from the suppliers in order to commence with the 
superstructure works on site. Most of the respondents also responded 
that the sub-contractor is considered as important party which should 
involve in the implementation of IBS due to the reason that they have 
the responsibility to certain IBS construction works with the mean 
score of 3.70.  

The lowest position is the project manager with the lowest mean score 
of 3.35. There are some of the respondents responded that the project 
manager is not important to the implementation of IBS. However, it 
can be found that most of the respondents responded that the project 
manager is an important party that should involve in the 
implementation of IBS. Project managers are considered as important 
because they are responsible in monitoring the work progress from 
inception stage until the building is completed. The position for each 
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construction party has been presented in the form of bar chart which 
shown in Figure 22. 

 

Figure 5. Construction parties should involve in IBS 

Barriers to the implementation of IBS 

Figure 6 indicated the results for the barriers to the implementation of 
IBS in Petaling Jaya, Selangor, Malaysia based on the level of 
agreement from the respondents. The barriers shown in Figure V have 
been analyzed and ranked according to the average mean score. The 
primary barrier that restricts the usage of IBS is poor skilled and 
knowledge of workers which ranked in first position with the average 
score of 4.42. IBS requires high skill and professional workers to 
operate the advanced technology machineries for installing and 
assembling the various types of standardized precast components on 
site. However, there is shortage of high skilled workers especially due 
to lack of interest of local workers and lack of opportunity given by 
the workers to undergo with IBS training program. The second 
highest average mean score is the barrier of supply chain issue with 
the score of 4.12. Most of the respondents agreed that supply chain 
issue is considered as a critical barrier due to lack of communication 
and integration among the construction stakeholders throughout the 
project period which could delay or late of supply and discrepancy of 
design concept of the building elements. Next, the barrier that ranked 
in the third position is improper planning of design with the average 
mean score of 3.84. 
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Thus, it can be justified that the causes of improper planning and 
design are due to the poor connection defects among the precast 
components which cause water leakage of the building and 
underestimate the important of accuracy in setting out the alignment 
and levelling of the bases. 

 
Figure 6. Barriers to implementation of IBS 

Table 1. Reliability statistics for elements of responsibilities of 
construction parties to ibs, parties should involve in ibs and barriers in 
implementing IBS. 

Reliability Statistics 

Cronbach's 
Alpha 

N of Items 

.913 28 
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Table 1 showed the reliability statistics for elements under the 
responsibilities of construction parties to IBS, parties that should 
involve in IBS and barriers in implementing IBS. The value of 
Cronbach’s Alpha Coefficient shown in Table 1 is 0.913 which 
exceeding 0.650. Thus, it can be concluded that the scales are reliable 
with the sample. 
 

 

Figure 7. IBS content encouraged by the government using IBS at 
least for public projects and private projects 

Figure 8 indicated the results for the level of awareness from the 
respondents based on the IBS content encouraged by the government 
using IBS at least 70% for public projects and 50% for private 
projects. The results proved that there are 51.30% of the respondents 
extremely aware on this current issue, followed by 40.10% of the 
respondents moderately aware and only 8.60% of the respondents 
somewhat aware for the usage of IBS content. Besides, none of the 
respondents are not at all aware and slightly aware of the IBS content 
for public and private projects. Therefore, it can be concluded that 
majority of the respondents are aware for the current issue of IBS 
content in which the government encourage using IBS at least 70% 
for public projects and 50% for private projects. 
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Figure 8. Strengths of using IBS in construction industries 

Table 2. Reliability statistics for elements of ibs content encouraged 
by the government using IBS for public projects and private projects 
and strengths of using IBS in construction industries 

Reliability Statistics 

Cronbach's 
Alpha 

N of 
Items 

.897 11 

 

Table 2 showed the reliability statistics for of IBS content encouraged 
by the government using IBS for public projects and private projects 
and strengths of using IBS in construction industries. The value of 
Cronbach’s Alpha Coeficient obtained is 0.897 which exceeded 0.650. 
Thus, the scales are reliable with the samples. 
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Strategy to maximize the IBS implementation in construction 
project. 

 

 

 

  

 

 

Figure 9. Strategies to maximize the IBS implementation in 
construction project 

Reliability Statistics 

Cronbach's 
Alpha 

N of Items 

.681 5 

Table 3. Strategy to maximize the implementation of IBS 

Table 3 showed the reliability statistics for strategies to maximize the 
IBS implementation in construction project. The value of Cronbach’s 
Alpha shown in Table III is 0.681 which exceeded 0.650. Thus, the 
scales analyzed are reliable with the samples.  

4.Conclusion And Recommendation 
The strategies mentioned in the questionnaire surveys have been 
responded by the respondents based on the level of importance and 
agreement for each strategy. Based on the results analyzed, there are 
two strategies are considered as the most significant strategies that can 
maximize the usage of IBS. The strategy for the reduction of IBS 
score (70% of IBS) for the Contractors with lower IBS experiences 
indicated as the most important strategy that can maximize the usage 
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of IBS by achieving the highest mean score among the other 
strategies. The government should aware the condition for the lower 
grade of Contractors with low experiences in IBS projects and 
financial ability faced by them by lowering the IBS score of 70% for 
IBS projects. The reduction of IBS score definitely enable the lower 
grade of Contractors have the opportunity to commence with the 
small or medium IBS projects and the burden of financial liquidity 
will be greatly reduced from the Contractors. 

The second important strategy is the workers have to be given 
opportunity to undergo IBS training programme to produce high 
skilled workers in order to prevent poor image of IBS products. The 
shortage of high skilled workers in the construction market definitely 
affects the usage of IBS implemented in construction industry. This is 
the critical issue facing by the local construction industries currently. 
Due to lack of high skilled workers, the production of IBS will be 
greatly affected such as the problems of leakage and low quality of 
building which will influence the perspective of the clients to invest 
on the IBS projects. Therefore, this negative impact has to be 
overcome by the cooperation from the government and the private 
sectors. The organizations should have more incentive to provide 
opportunity to their workers to attend the IBS skills training 
programme or workshop in order to produce more high skill workers 
which could contribute and increase the usage of IBS implemented in 
local construction industries. 

Recommendation 
There are some of the recommendations for the construction industry 
which are listed below: 

1. Government should reduce 70% of IBS score to lower Grade 
and experience of Contractors to enable them to commence 
with small or medium projects by adopting IBS method. 
Reduction of IBS score of could minimize the burden of 
financial issue faced by most of the small Contractors. 

2. The subject of IBS education has to be included in the 
programme of construction and engineering which offered in 
colleges and universities. The future construction practitioners 
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should have the IBS knowledge before step out to the society 
to enhance their awareness and understanding on IBS. 

3. Contractors and developers have to provide opportunity to 
their workers to undergo the IBS skills training programme 
and workshop especially for installer and crane operator. The 
workers with skills and knowledge in IBS construction will 
minimize the common problems occur and produce safe 
working environment. 

4. Value Management workshop has to be effectively performed 
by the construction stakeholders in the early design stage to 
minimize the issues such as discrepancy in the designation of 
IBS components and enhance the integration among the 
stakeholders to work closely. 
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Abstract 

Software testing is an important part in software development process. 
We have a great number of software testing tools at our disposal for 
testing a software product. Complex systems are being built and 
testing throughout the software development cycle is valid to the 
success of the software. Testing is very expensive process. Manual 
testing involves a lot of effort, Measured in person per month. These 
efforts can be reduced by using the automated testing with specific 
tools. 

Keywords: software testing, automated testing, manual testing 

1.0 introduction 

 Software testing is about testing a feature with varying test data to get 
a result and then comparing the actual result with expected result, it is 
not merely finding defects or bugs in the software; it is the completely 
dedicated discipline of evaluating the quality of the software [1]. 
Software testing is a process is to identify all bugs that exist in a 
software product. It is the process of evaluating all the components of 
a system verifies that it satisfies specified requirements or to classify 
differences between expected and actual results. Software testing is 
also performed to achieving quality by using the software with 
applicable test cases. Testing can be integrated at various points in the 
development process depending upon the tools and methodology 
used. Software Testing usually starts after requirements [2]. At a unit 
level phase, it starts concurrently with coding; whereas at integration 
level, it starts when coding is completed. Testing process can be 
performed by two ways that are manual or automation. 
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Figure 1: Software Testing 

 

Manual testing is a process to test the software manually to find out 
the bugs. Manual testing is performed without using any automated 
tool. While performing the manual testing a test plan is used that 
describe the systematic and detailed approach of testing a software 
application. The goal of the testing is to make sure that the software 
application under test is defect free. Manual testing is not suitable for 
large projects as it requires more resources and time [4]. Automated 
testing is a process in which tools execute a pre-defined scripted test 
on software to find defects. Automated software testing is the finest 
way to increase the effectiveness and efficiency of software testing. 
Automation testing can does what manual testing does not. 
Automation testing also improves the accuracy and saves the time of 
the tester & organization’s money. It is best appropriate in the 
environment where the requirements are repeatedly changing & huge 
amount of regression testing is required to be performed. 

 

2.0. Automated Testing Process 

Test automation interface is a platform which provides a single 
workspace for incorporating multiple testing tools. To improve the 
efficiency and flexibility of maintaining test scripts test automation 
interface is use. It includes Interface Engine which consist runner to 
execute the test scripts, the Interface Environment that consists 
Framework and Project Library and Object Repository are collection 
of application object data. 

Manual 
Testing 

Automated 
Testing 

Software 
Testing 



71 
 

 
The automation software testing consists of a sequence of activities, 
processes and tools that processed in order to execute the test on 
software and to keep the record of the result of tests [7]. The 
following activities include in testing process: 

 ·Test planning  
·  Test design  
·  Test Implementation  
·  Test execution  
·  Test evaluation  
A general testing process is depicted in Figure 1: 
 
Each activity has performed some tasks that are used by another 

phase. At the end, a bug reports will be documented. These 
documents are further used by the development team to recognize the 
cause of faults and to correct them. After elaborating the test plan 
analysis is performed on the requirements and test objectives are 
defined. The design phase is focused on the definition and test 
procedures. At this step it is decided that which part should be tested 
manually and which will be tested automatically [5]. General 
approaches that are used for test automation are: Code driven testing: 
the public interfaces to libraries, classes and modules are tested with a 
number of inputs to validate that the results are correct. Graphical 
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User Interface: Keystrokes and mouse clicks interface events are 
generated by a testing framework and detect the changes to validate 
that the observable performance of program is correct. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 3: Testing Process 
 

3.0 Software Automated Web Testing Tools 
 

Various types of tools are used for automated web testing and they 
can be used in different areas of testing. The selection of tool is based 
on the type of application which we want to test like automated web 
testing tools, GUI testing tools [8]. 
Ranorex 

Ranorex allows you to automate your web application testing (among 
other things) and both record user interactions and play them back to 
execute your tests. Ranorex is one of the more popular commercial 
tools to build and run automated web and GUI tests. It is a GUI test 
automation framework which provides testing of a wide range of 
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desktop, web and mobile applications. Test cases once written can be 
executed on different platforms. It simulates the user actions by record 
and replay tool into recording modules. Ranorex is easy to use and 
affordable even for small testing teams. 
 
Test Complete  
 
Test complete has open flexible architecture for maintaining and 
executing automated tests for web. This tool helps to keep the balance 
between quality and speed of delivery of applications at affordable 
cost. With test complete tool different types of testing can be done 
like unit testing and GUI testing, regression testing etc 
 
Selenium 

Selenium is a popular automated web testing tool and helps you 
automate web browsers across different platforms. Selenium has the 
support of some of the largest browser vendors who have taken steps 
to make Selenium a native part of their browser.  

Selenium is an open source web testing tool which is used to test the 
web browsers across different platforms. It is divided into four 
components: First is, Selenium IDE which is used as a prototyping 
tool and no programming language is required. Second Selenium 
Remote Control that allow users to use the programming language. 
Third Web Driver which implement a stable approach by direct 
communication between the test scripts and browsers. Forth, 
Selenium Grid that helps to execute parallel tests on different 
browsers by using with Selenium Remote Control. 

 
Sahi 

Sahi is a tool for automation of web application testing. Sahi is 
available as a free open source edition as well as a commercial Pro 
edition. This tool is used by the developers for fixing and reproducing 
bugs, QAs for functional testing and by business analysts for defining 
and verifying functionality. It supports java script language and offers 
easily editable scripts. 
 
Watir 

http://docs.seleniumhq.org/
http://sahi.co.in/
http://watir.com/
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Watir is a set of Ruby libraries for automating web browsers and 
allows you to write tests that are easy to read and maintain. Watir 
drives browsers the same way people do (it clicks links, fills in forms, 
presses buttons etc.) and also checks results such as whether expected 
text appears on the page. Watir is an open source tool for automating 
web browsers. This tool is simple and flexible in terms of easy to read 
and maintain. It supports only Internet Explorer, Firefox and Opera. It 
also supports multiple browsers on different platforms. 
Tellurium 

Tellurium is a web automation tool that allows you to design and 
write your automated tests using plain English without any scripting 
or programming experience. Tellurium is an open source automated 
testing framework for testing web applications. It was developed from 
Selenium framework with different testing concept. It is built with UI 
module concept which helps to write reusable and easily maintainable 
tests. 
Windmill 

Windmill is a web testing tool designed to help testers automate and 
debug web applications. It comes with a cross-browser test recorder, 
JavaScript integration and an interactive shell to automate web 
browsers. Windmill is a web testing framework that provides 
automation testing and debugging capabilities. The purpose of 
windmill is to create test writing portable and easier. It supports 
Firefox, Safari, Chrome and Opera browser. The tool runs on 
Microsoft Windows, Linux and Mac OS X. Without require any 
programming language Windmill provides a cross-browser test 
recorder that helps in writing tests. 

SoapUI 

SoapUI is a cross-platform functional testing tool. It has been 
specifically designed to help automatically test APIs such as SOAP 
and REST interfaces to ensure the interoperability of different 
application. 

QuickTest Professional 

QuickTest Professional (QTP) helps the tester to perform an 
automated functional testing. It supports only window XP and 

http://www.te52.com/
http://www.getwindmill.com/
http://www.soapui.org/
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developed only in VBScript or JavaScript. With QTP it is easy to edit 
the script, playback and validate the results. 

4.0. Conclusion 

This paper presents a study on various automated web testing tools 
that used on different platforms. Automated testing tools helps the 
tester to easily automate the whole testing process. Automation testing 
improves the accuracy and also save time of the tester as compared to 
the manual testing. 
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