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Abstract- Copper slag (CS) used in cleaning and removing rust in the sand blasting industry may replace the sand in 
concrete production. Different mix ratio of copper slag replacing certain percentage of fine aggregates in the production of 
sand-cement bricks for short column were tested to analyze their compressive strength. The bricks were deducted into half of 
the British Standard size which is 215 mm x 102 mm x 65 mm due to the limitation of available compression machine. The 
project involved the investigation of three brick mixes of copper slag replacing river sand at 0% CS, 20% CS, and 30% CS. 
The mix was also consists of ordinary Portland cement and tap water. Three (3) sets of columns were built, and in each 
column the percentage of copper slag were increased. The height of the columns was 350 mm. The test showed that the 
highest strength of column belongs to 20% CS short column. 
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I. INTRODUCTION 
 
Copper slag is produced from the process of smelting 
and refining of the copper. Each 1 ton of copper 
production, 2.2 tons of copper slag is produced [1], 
[2]. Copper slag is used for cleaning and removing 
the paint and rust from the ships and hard surfaces. 
However, copper slag has a low hazard to the 
environment. Copper slag is a metal and metal-
bearing wastes, categorized as schedule waste under 
the code of SW104 in the first schedule 
environmental quality (scheduled wastes) Regulations 
2005, Department of Environment, Malaysia [3]. 
Copper slag has number of favorable mechanical 
properties for aggregate use, including excellent 
soundness characteristics, good abrasion resistance 
and good stability [1]. Table 1 and Table 2 showed 
the physical properties and chemical properties of 
copper slag respectively. 

 
Table 1: Physical Properties of Copper Slag [4] 

 
Table2: Chemical Properties of Copper Slag [4] 

 

 
It has been reported that, if usage of aggregates 
without proper alternative aggregates such as copper 
slag in the near future, the global construction 
industry will destroy 8 to 12 billion tons of natural 
aggregates after year 2010 [5]. Hence, various 
researches has been done on the usage of copper slag 
which proved that it can bring a lot of benefits to 
either in construction industry or environmental 
[1],[6]. 
 
II. MATERIALS AND PROCEDURES 
 
The mixes were consisting of cement, sand, copper 
slag and ordinary tap water. The cement used was 
ordinary Portland cement (OPC) that complies with 
MS 522: Part 1: 1989 [7]. The copper slag (CS) was 
taken from an operational ship repair yard located at 
Pasir Gudang, Johor (Malaysia). The fine aggregate 
was washed river sand. Sieve analysis test was 
conducted in accordance with BS 882 [8] on three 
sets of waste samples in order to determine the 
particle size distribution. Both sand and copper slag 
has comparable gradations. The ratio of the mix is 1:3 
for cement: sand. Water-to-cement ratio is 0.45 
according to the normal consistency test of cement. 
 
According to the British Standard Bricks, mould size 
of the Bonding Bricks BD.1.3 faced on bed surface is 
215 mm x 102 mm x 65 mm. The bricks were 
reduced into half 107.5 mm x 51 mm x 32.5 mm due 
to the limitation of the compression machine. All the 
bricks were air-cured for 28 days to avoid the 
leaching of the copper slag chemical elements. Three 
(3) columns were built, and in each column the 
percentage of copper slag were increased. The first 
column contains 0% copper slag, which was used as a 
control, the second column contained 20% CS as 
sand replacement, and the third column contained 
30% CS. The height of the column is 350 mm. The 
mortar mixture is mortar grade III with joint 7.5 mm.   
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III. RESULTS AND DISCUSSION 
 
3.1. Maximum Force Resistance of Column 
 
As shown in Figure 1, the maximum force of the 
copper slag increased in 20% of 98519.4N force and 
then decreased in 30% of 81428.2N force. This 
finding showed evidence on chemical studies of 
copper slag by Demetrio et al. [9], which is the higher 
amount of copper slag in mixture, the higher leaching 
will occur. The bond between copper slag and cement 
will decrease and causes the brick to be weak and 
breaks faster. By analyzing the graph, 20% of copper 
slag takes the maximum force of 98519.4N, and it 
shows that 20% of copper slag as sand replacement is 
the best mix for the brick column.  
 

 
Fig.1. Maximum force vs. percentage of copper slag 

 
3.2. Breaking Force 
Figure 2 showed that the breaking force is increasing 
from 16434.6N to 69942.6N for 0% CS, 20% CS and 
30% CS respectively. Figure 3, Figure 4 and Figure 5 
showed the result of force versus time of each set of 
column. By analyzing the graphs for the force vs. 
time for the column, 0% CS took 48 seconds from the 
max force to break force, while 20% CS took 17 
seconds and 30 % CS took 4 seconds. 
 

 
Fig.2. Breaking force vs. percentage of copper slag 

 

 
Fig.3. Force vs. time for 0% copper slag for column 

 
Fig.4. Force vs. time for 20% copper slag for column 

 

 
Fig.5. Force vs. time for 30% copper slag for column 

 
0% of copper slag has more time to break but less 
max force comparing to 20% CS. It can be seen that 
20% of copper slag has high max force with medium 
break time force comparing with the two other 
percentage. Due to that, it can be analyzed that the 
increase of copper slag percentage in the bricks, it 
decreases the time between the max force and 
breaking force.   
 
3.3 Compressive Strength 
Results of the compressive strength for different sets 
of copper slag brick column is shown in Figure 6. 
The compressive strength of 0% CS is 3.08 N/mm2 
and it increased in 20% CS column to 6.89 N/mm2, 
but decreased in 30% CS to 6.26 N/mm2, due to the 
maximum force of each column. The ratio of 
compressive strength for 0% CS to 20% CS is 
6.89/3.08 = 2.24 and 0% CS to 30% CS is 6.26/3.08 
= 2.03, which means that 20% in compressive 
strength ratio can handle more loads compared to the 
30% CS column. The ratio has been decreased in 
30% CS mix due to the amount of copper slag that 
crossed 20% of copper slag and as mentioned before, 
due to the tests done, 20% of copper slag is the best 
mix ratio and bond ratio among 0% CS and 30% CS. 
 

 
Fig.6. Compressive strength vs. percentage of copper slag 
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CONCLUSIONS 
 
The evaluation of the strength of copper short column 
masonry was studied and major conclusions are as 
follows: 
1. Copper slag can be replaced as a filling material 

in limited percentage to be used as sand cement 
bricks. 

2. Maximum compressive strength of bricks in 
column increased more than 50% at 20% of 
copper slag as river sand replacement built in 
unreinforced short column and decreased at 30% 
of copper slag. 

3. Compressive strength of CS brick column is 
increased due to physical properties of copper 
slag. 
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