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ABSTRACT 

CSB machines are machines used to produce clay stabilized bricks. Automating the brick 

process is one sure way of maximizing the brick production process. The automation part of 

this research, was achieved using a double acting cylinder, Arduino nano, some relays and 

limit switches. Mild steel plates of 10mm thickness were employed to design and fabricate the 

mould and other parts of the machine. Experiments were conducted using the automated 

machine to mould laterite sand with 5% cement content, which resulted in an overall brick 

compressive strength of 3.52 N/mm2 and an initial absorption rate (IRA) of 1.2061𝑘𝑔/

(𝑚2𝑚𝑖𝑛) after 28 days. This result closely concurred with results of bricks produced using the 

CSB machine previously designed.    
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1.0 INTRODUCTION 

According to Riza, et al., (2010), Clay stabilized bricks (CSB) are bricks produced by aggregate 

mixture combination of clay and small amount of cement. Nigeria is rich in laterite sand 

popularly referred to as red sand. The red sand is often used for construction as filling sand or 

sometimes as plastering sand, as it is generally cheaper. Although the clay content varies across 

geographical areas, alternative uses of the laterite sand for other construction purpose such as 

CSB are gradually gaining acceptance (Onyegiri and Ugochukwu 2016). Most scholarly 

articles on manual CSB production are often silent on the difficulty involved in brick 

production as well as the cost of manpower needed to produce these bricks (Abdullahi 2006) 

and (Brown, et al., 2014). In the local production of CSB, the cost of materials required is 

significantly lower, however, the cost of manpower to produce the bricks includes initial 

training of labourers, and high labour daily pay due to the stress associated with the manual 

brick production process such as sand filtering and preparations as well as manual compression 

and ejection of the bricks. The major benefit often highlighted about the CSB, is the minimum 

cement content required per brick (Obonyo, et al., 2010). At this era of general inflation, with 

no exception for cement (Abimaje et al., 2014), (Yakubu and Umar 2015) and (Ugochukwua 

and Chioma 2015) CSB would have been the best alternative to sandcrete bricks with all the 

promising attributes garnered, such as being fire resistant, having good compression strength 

and more (Buson, et al., 2012). But in practice, it has been observed that it is quite more 

expensive to produce CSB using the manually operated machine compared to sandcrete bricks 

and since this technique of brick production has not gained wide acceptance in Edo state, cost 

of manpower would be higher and when trained CSB labourers quits, the production process 

would be halted until new labourers are retrained.  Automation would help mitigate against this 

challenge, it would also cutdown on the cost of manpower as overhead cost from CSB 

production often renders this process less cost effective per block as compared to the sandcrete 

blocks. 

The aim of this work is to optimize the CSB machine previously designed and fabricated by 

Etin-Osa and Erhunmwun (2020). The optimization features would be implemented by 

automating the working operation of the machine thereby increasing the CSB production 

capacity at minimum overhead cost. 

2.0 METHODOLOGY. 

Basically, to produce CSB bricks using the manually operated machine, one would have to fill 

the mould with aggregate (laterite/cement ratio) and then compress the mixture inside the 

mould using a lever arm, after compaction, the compressed brick would be ejected from the 

mould.  
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Figure 1: design sketch of CSB Automation process. 

To automate this process, a design sketch presented in Figure 1 was developed. The feeder 

fabricated as a single part having 3 cell A, B and C, with distinctive operations is restricted to 

only one degree of freedom. Cell C having a through square hole, feeds soil into the mould for 

compaction, the top and bottom of cell B is weld closed, its base is used to provide support for 

the hydraulic press during compaction. It also prevent the sand in the hopper from falling into 

the mould. Cell A is weld closed at the top to prevent sand from falling from the hopper during 

operation and pushes the brick away from the mould after compaction. Symbols presented in 

Figure 1 are:  DW = soil moving downward into the mould, FW = Feeder forward motion, 

BW1 & BW2 = Feeder backward motion, UW1 & UW2 = Cylinder upward motion, LS1, 

LS2… LS6 = limit switches 1, 2…6 and section D = mould. 

To automate the CSB machine designed by Etin-Osa and Erhunmwun (2020), Figure 1 with 

three modes of operations 1st, 2nd and 3rd were employed. The 1st operation is initiated, with 

FW motion filling the aggregate into the mould and aligning unit C and D until LS1 has being 

actuated. This actuation leads to the 2nd operation where a reverse motion of BW1 on the feeder 

unit is engaged until LS2 has been actuated. This actuation results in the alignment of “unit B 

and D” and also actuating UW1 motion to compact the aggregate inside the mould until LS4 

is actuated. This actuation creates BW1 motion of the feeder until LS5 is actuated. This 

actuation engages motion UW2 to eject the brick, the ejected brick actuates LS6 to retract the 

piston and repeat the process all over. 
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The various design stages required in the research are outlined below. 

2.1 Stage 1: some materials required for fabrication 

Fabrication of the machine was achieved using mild steel materials with dimensions listed in 

Table 1. 

 

2.2 Stage 2: Analysis for double acting cylinder 

According to Etin-Osa and Erhunmwun (2020), the force required during compaction from one 

side of the ram is given as 1791.8N, two side of the ram will produce a total force of 3583.6N 

to compact the aggregate in the mould. 

 

Figure 2: double acting cylinder 

The following parameters listed below were the parameters used to calculate for the area of the 

piston head, pressure in the hydraulic cylinder, cycle time, required velocity, mass flow rate, 

volume, volume flow rate, required power and tank capacity. 

Efficiency of pump (𝜀) = 70% Bore size (𝐷) = 135mm 

Rod size (𝑑) = 65mm Stroke length (𝑙) =165mm 

Compaction force (𝐹𝑒) = 3583.6N Density (𝜌) = 0.880× 103 kg/𝑚3  (ISO 68) 

Extension length for compaction (
𝑙

3
) = 55mm Compaction time (𝑡1) = 2.5 sec 



Etin-Osa C. E., Journal of Engineering for Development, Vol. 14(1), March (2022) pp. 118-126 

122 
 

Extension length of ejection (
2𝑙

3
) = 110mm Ejection time (𝑡2) = 2.0 sec 

Full retraction length = stroke length Retraction time (𝑡3) = 1.5 sec 

 

a) Area of piston head (𝑨): is given by equation (1) 

𝐴 =
𝜋𝐷2

4
           (1) 

From equation (1), 𝐴 = 14313.882 𝑚𝑚2  

b) Pressure in the hydraulic cylinder (𝑷): is given by equation (2) 

𝑃 =
𝐹𝑒

𝐴
            (2) 

From equation (1), 𝑃 = 250426.3 Pa 

c) Cycle time (𝒕): is given by equation (3) 

𝑡1 + 𝑡2 + 𝑡3 = 𝑡          (3) 

𝑡 =6.0 sec 

d) Required velocity for compaction (𝑽𝟏): is given by equation (4) 

𝑉1 = (
𝑙

3
) ÷ 𝑡1            (4) 

𝑉1=0.022m/s 

e) Required velocity for ejection (𝑽𝟐): is given by equation (5) 

𝑉2 = (
2𝑙

3
) ÷ 𝑡2           (5) 

𝑉2 = 0.055m/s 

f) Mass flow rate of oil into cylinder for compaction (�̇�𝟏): is given by equation (6) 

�̇�1 = 𝜌𝐴𝑉1           (6) 

�̇�1 = 0.2770𝑘𝑔/𝑠 

g) Mass flow rate of oil into cylinder for compaction (�̇�𝟐): is given by equation (7) 

�̇�2 = 𝜌𝐴𝑉2           (7) 

�̇�2 = 0.6926𝑘𝑔/𝑠 

h) Volume capacity of cylinder needed for full extension (V): is given by equation (8) 

𝑉 =
𝜋𝐷2

4
𝑙           (8) 

𝑉 = 2361790.452 𝑚𝑚3  
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i) Flow rate: is given by equation (9). The volume obtained in Eq.(8) was converted from 

𝑚𝑚3 to liters, while time in Eq.(3) from sec to mins   

𝑄 =
𝑉

𝑡
            (9) 

𝑄 = 23.618 lpm 

j) Power of motor (𝑷𝒌𝒘): the minimum motor power required to drive the hydraulic gear 

pump is given by equation (10) 

 𝑃𝑘𝑤 =
𝑄(𝑙𝑝𝑚)−𝑃(𝑏𝑎𝑟)

600×𝜀
                  (10) 

𝑃𝑘𝑤 = 0.141 kW 

Value of pressure obtained in Eq.(2) was converted from pascal to bar and used in Eq.(10)  

k) Capacity of fluid in tank (𝑻𝒄): is given by equation (11) 

𝑇𝑐 = 4 × 𝑙𝑝𝑚                    (11) 

From Eq.(9), we got 𝑄 = 23.618 lpm, rounded up to 𝑄 = 25 lpm and used in Eq. 

𝑇𝑐 = 4 × 25 = 100 ltrs 

The minimum tank capacity required for the hydraulic CSB operation is 100 liters.  

2.3 Stage 3: Simulation and Automation  

Festo hydraulic fliudsim software presented in Figure 3 was employed to simulate the operation 

process using a 4-way, 3-position directional control valve, having solenoid actuation of 24Vdc 

power input.    

 

Figure 3: Hydraulic circuit diagram for CSB Machine. 

The block diagram for the automatic CSB machine is presented Figure 4. Some of the 

components needed to automate the process are listed as follows: 
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i. limit switch sensor 

ii. relay 

iii. microcontroller 

iv. Power module 

 

Figure 4: Block diagram of control mechanism for Automatic Clay Stabilized 

Block/Brick Machine. 

To implement Figure 4, the circuit diagram presented in Figure 5 consisting of Arduino nano 

board as the main controller, connected through its pins to the respective 5v relays, and limit 

switches. 

 

Figure 5: Circuit diagram of the Automatic CSB Machine 

2.4 Compressive test and water absorption 

The crushing strengths of the blocks were tested using the universal testing machine. A total 

of 20 specimens as earlier prepared by Etin-Osa and Erhunmwun (2020) were replicated and 
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crushed at different curing ages of 7, 14, 21 and 28 days. The average weight of the air-dried 

block (𝑊𝑑) was determined as 12.120 kg and then, the block was immersed such that only 5mm 

of its length was in water and it was timed for 60 seconds. The surface of the block was wiped 

of excess dripping water and weighed thereafter. The weight (𝑊𝑠) after the process was 

12.175kg. The block has an area (𝐴𝑠) of 300mm by 152mm. The experimental process was 

followed according to the BS771 codes and Etin-Osa and Erhunmwun (2020). Equation (12) 

was used to calculate initial rate of absorption (IRA) given as (𝐶). Final value of IRA = 

1.2061𝑘𝑔/(𝑚2𝑚𝑖𝑛) 

t = 1 min 

𝐶 =
𝑊𝑠−𝑊𝑑

𝐴𝑠𝑡
         (12) 

𝐶 =1.2061𝑘𝑔/(𝑚2𝑚𝑖𝑛) 

 

3.0 RESULTS 

The results of the comparison between the manual CSB machine to the automated CSB 

machine for the compressive strength against curing ages are presented in Table 2. The results 

show that the highest average compressive strength of 3.53 and 3.52 N/mm2 for the manual 

and automated machine with 5% cement content at a curing age of 28 days. Based on the design 

calculation, the results from the manual and automated machine brick mould, shows close 

results for the compressive strength of blocks. In Table 2, Compressive tests were conducted 

on the blocks at different ages to indicate the rate of strength gained with time. 

Table 2: Compressive strength of blocks 

S/N Compressive strength (N/mm2) 

Day 7 Day 14 Day 21 Day 28 

Manual 

machine 

Automated 

machine 

Manual 

machine 

Automated 

machine 

Manual 

machine 

Automated 

machine 

Manual 

machine 

Automated 

machine 

1 2.13 2.20 2.99 2.72 3.02 3.00 3.54 3.48 

2 2.09 2.10 2.61 2.79 3.09 3.08 3.50 3.50 

3 2.13 2.08 2.78 2.75 3.02 3.03 3.52 3.49 

4 2.13 2.11 2.80 2.78 2.90 3.00 3.55 3.56 

5 2.22 2.14 2.77 2.77 3.00 3.00 3.54 3.56 

Average 2.14 2.13 2.79 2.76 3.01 3.02 3.53 3.52 

Comparison was also made for throughput of bricks per minute between the manual CSB 

machine to the automated CSB machine. When using the manual CSB machine, many factors 

such as the speed and skill of the labourer, were also considered and an average of one block 

per minute was concluded which was fair as an average of 450 blocks are often produced 

under a duration of 8 hours. The automated machine however was found to produce 6 blocks 

in a minute in practice. 

 

4.0 CONCLUSION 

It was observed that many labourers trained on both the automated and the manual CSB 

machine, favored operating the automated CSB machine compared to the manual CSB due to 

the ease of machine operation. The automated CSB machine was found to produce 6x more 
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bricks per minute compared to the manual machine with an average compressive strength of 

3.52 N/mm2 using 5% cement stabilization. The strength of the brick closely concurs with the 

average compressive strength obtained from the manual CSB blocks. The IRA of 

𝐶 =1.2061𝑘𝑔/(𝑚2𝑚𝑚) shows that the block has an acceptable water absorption rate.  
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