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ABSTRACT. A weather forecast is a prediction of weather phenomena in the future by collecting 

as much data as possible. Major worldwide climate studies include the breakthrough and 

interpretation of complicated weather patterns in order to successfully forecast varied weather 

events. It is quite complex to screen so many parameters from several factors to discover precise 

weather conditions. In this paper, a fuzzy rule-based system (FRBS) is applied for weather 

forecasting in Kota Kinabalu. There are 234 fuzzy rules being developed as the FRBS are constructed 

along and successfully implemented in MATLAB. Based on the results, the comparison between 

actual and forecast data shows moderate precision as the accuracy level is higher than the level of 

error analysis.   

KEYWORDS. Weather events, fuzzy rule-based system, forecasting, fuzzy set.  
 

 

INTRODUCTION 

 

Malaysia is an Asian country situated north of the equator and is geographically located in between 

two large   oceans which are the Pacific Ocean to the east and the Indian Ocean to the west (Malaysia 

Meteorological Department, 2016). There is no dry season in Malaysia because it is near the equator, 

which is also surrounded by oceans. In general, as is the case in tropical countries, Malaysia 

experiences a rainy season which is relatively unpredictable every year. The study area is Kota 

Kinabalu, Sabah, one of Malaysia's states. The selected location for this study will be southwest of 

Kota Kinabalu city. The existing weather forecasting research is performed within the same area 

using a soft computing technique (Mojiol, 2006). There are data sets from January 2019 to December 

2019 on probability distribution for the development of weather forecasts. This region has a typical 

moist continental climate. The conditions are regularly hot and cool, with strong rainfall typically in 

the afternoon and   highly unchanging all year long. 

 Weather forecast is a significant issue that must be considered because of the variability of 

human activities    which will eventually regulate the weather in a region of a country. All human 

activities such as the variations in land refuge and the burning of fossil fuels, are alleged to be one of 

those contributions to this issue of constant changes in the weather. Fuzzy logic stipulates an effective 

technique to relate to the weather parameter and the weather events. To complete   the research, a 

software called MATLAB will be used to implement the generated FRBS by using certain MATLAB   
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functions (Moler & Little, 2020).  Khatua et al. (2020) showed that in order to investigate the impact 

of global warming, water pollution, and harvesting of juvenile fishes on the production of mature 

Hilsa fishes, a mathematical model is developed using fuzzy inferences. Cihan (2020) implemented 

FRBS to forecast the number of verified cases in the Covid-19 outbreak in Turkey. 

 

Fuzzy logic is also used to forecast relative humidity because fuzzy logic can manage weather 

uncertainty and complexities despite dealing with major mathematical terms. Fuzzy logic is a simple 

but effective technique for solving   problems with comprehensive applications. Fuzzy logic can be 

used to provide alternatives for unclear, inaccurate, and ambiguous issues. Fuzzy logic is another of 

those logical or expert systems, the purpose where it is to use the expertise and experience acquired 

over a period to achieve a human expert level (Ross, 2010; Zadeh, 1975). 

 

This paper focuses on the implementation of FRBS in forecasting the weather events in Kota 

Kinabalu based on the data collection from the Meteorology Forecasting    Department in Kota 

Kinabalu. In this paper, the observation of daily weather events will include temperature, relative 

humidity, atmospheric pressure, and precipitation. Then these weather observations will be used as 

parameters related to forecast the selected weather events such as rain, thunderstorm, rain-

thunderstorm, cloudy and sunny. 

 

Hence, a mapping of the weather parameters onto weather events has to be developed in order 

to be able to predict the weather event. This can be done by implementing FRBS in the MATLAB 

software by undergoing a few processes such as fuzzification, rule generation, rule-based reduction 

and inferencing. Then the forecasted weather events will be compared with the actual data to clarify 

the differences in order to determine the precision of accuracy and error analysis. As a result, 

forecasting the weather event can be accomplished because the fuzzy logic stipulates an effective 

technique to relate to weather parameters and weather events   as it is fuzzy in nature. Thus, this can 

contribute more to the meteorology field. 

 

 

MATERIALS AND METHODS 

 

To develop the FRBS in forecasting weather events, there are a few processes in developing the fuzzy 

rules shown in the   experimental setups (Sharma et al., 2014). There are eight steps to be 

implemented whereby the performances will be compared according to the monthly forecast data 

which will then determine the accuracy and error analysis. The measures engaged are summarized in 

the remaining discussion for this section. 

 

The process segment can be extended in detail as the steps in conducting these processes are 

dependent on each other. Firstly, it is the development of FRBS by applying the data set. Secondly, 

the results of monthly data of the original weather events and the forecasted weather events would 

be measured in a plot to display the inconsistency between them   and evaluate the precision for 

accuracy analysis and error analysis. Ultimately, a summary will be included in the last stage which 

is the conclusion to summarize the important elements. There are eight steps opted in developing the 

fuzzy rules in this experimental setup as illustrated in Figure 1 
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A. Data Collection 

Daily weather observations from January 2019 to December 2019, a total of one year of weather 

parameters such as temperature, humidity, precipitations and atmospheric pressure. The data 

collected are from the Malaysia Meteorology Department (2016). 

 

B. Data Analysis 

Data are collected to determine if the extreme data exist, the errors collection and the sample size of 

data included in this weather forecasting can be recognized. Due to the common occurring weather 

events in Malaysia, there are five forms of weather events preferred in forecasting the weather which 

are the “Rain”, “Rain-Thunderstorm”, “Thunderstorm”, “Cloudy” and “Sunny” weather events. 

There are four types of weather observation which are atmospheric pressure, precipitation, humidity, 

and temperature which have been gathered for data analysis. 

 

C. Fuzzification of input/output 

The fuzzification will assign a range of linguistic variables that   define the various input and output 

parameters of the system. Fuzzification is the step by which the crisp values are fuzzified into 

membership levels associated with the   fuzzy sets. A triangular shape membership function has been   

selected as the input variable ranges from 0 to 1 in a specified discourse universe. The linguistic 

variables which are applied are “very low”, “low”, “medium”, “high” and “very high” along with the 

four-input variable which are atmospheric pressure, precipitation, humidity, and temperature. The 

range for the weather parameters is defined by determining the maximum and minimum numerical 

value of each weather parameter. 

 

D. Rule Generation 

Through engaging MATLAB rules editor, the rules are incorporated into the fuzzy inference system. 

The automatic generating of rules is utilized to generate the automatic specific rules by applying an 

algorithm based on the collected   weather data to produce the data extraction. Apart from that,  the 

engagement  with human specialists relying on their perspectives, heuristic based and preferences 

resulting in a standardized rule set. 
 

 

 

Data Collection 
Rules-Base 
Reduction Inferencing 

Data Analysis 
Conflict 

Resolution 
Implementation 

& Testing 

Fuzzification Rule Generation 

Figure 1. Methodology for developing the FRBS 
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E. Conflict Resolution 

The indicator of conflict resolution is a decoding process of outputs called defuzzification whereby 

the multiple fuzzy rules were compared and cancelled. The conflict resolution is accomplished by 

carrying out in the fuzzy rule-based system by initial classification of the generic and specific rules 

that are created followed by removing the inconsistent and redundant rules before ultimately 

aggregation of rules is performed. 

 
F. Inferencing 

The Mamdani inference framework is used in the   forecasting system. The application of Mamdani 

inference framework is required to develop the dynamic fuzzy sets as the output product membership 

functions. Following the aggregation method, for every output variable, a fuzzy set exists which 

needs to undergo defuzzification process. A list   of sample fuzzy rules is shown in Table 1. 

 

Table 1. Developed fuzzy rules. 
 

Rules IF (antecedent) THEN 

(consequence) 

1 (TodayTemp is low) and (YestTemp is high) and (TodayPressure 

is low) and (YestPressure is medium) 

forecast is   cloudy 

2 (TodayTemp is high) and (YestTemp is high) and 

(TodayPressure is medium) and (YestPressure is medium) 

forecast is  clear 

3 (TodayTemp is high) and (YestTemp is high) and 

(TodayHumidity is low) and (YestHumidity is low) 

forecast is   sunny 

4 (TodayTemp is high) and (YestTemp is high) and 

(TodayPressure is medium) and (YestPressure is low) 

forecast is  thunder 

5 (TodayTemp is low) and (YestTemp is medium) and 

(TodayHumidity is VHigh) and (YestHumidity is VHigh) 

forecast is  rain 

6 (TodayTemp is high) and (YestTemp is high) and 

(TodayPressure is VLow) and (YestPressure is low) 

forecast is rain-thunder 

 
G. Implementation & Testing 

To show the output of the outcome for forecasting weather events, this system will be implemented 

in MATLAB R2018 software which is the key factor for this weather forecast. The rules editor in 

MATLAB is used to apply specific and generic rules. The implementation of FIS is described as the 

shaping of the consequence part (Then) based   on the antecedent part (If) and the inputs are fuzzy 

subsets. To conclude briefly regarding the fuzzy RBS in the experimental setup, it will have the 

following basic characteristics for this methodology as shown in Table 2. 
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Table 2. Basic characteristics 
 

Linguistic Labels (Input) 4 

Number of outputs 8 

Number of rules 234 

Inferencing Method Forward Chain 

Inference model Mamdani 

Aggregation Operator “MIN” 

 

H. Determine Precision 

The experimental setup findings above could be used to improve weather prediction accuracy based 

on the statistics obtained. Generally, experiments require a precision analysis or error analysis in 

order to correlate the usual outcome and evaluate the accuracy and the error analysis in percentage. 

The formulae applied throughout this paper to determine the precision by calculating the error 

analysis and the predictive accuracy analysis are shown as follows (Sharma et al., 2014). 

 

Absolute Error
Relative Error = 

Actual Value

Actual Value - Observed Value

Actual Value
=

   (1) 

 

Error Analysis = Percentage relative error

Relative error  100%=      (2) 

 

Accuracy analysis = Percentage accuracy

100% - Error analysis=     (3) 

 

 

DESIGN AND IMPLEMENTATION 

 

This section outlines the fuzzy logic toolbox as the system implementation which are effective in 

helping user step-by- step in developing a system design of fuzzy inference system. Fuzzy Logic 

Toolbox comprises several MATLAB features, tools, and a Simulink framework for analyzing, 

constructing, and modelling systems based on fuzzy logic. In fuzzy logic toolbox there are five main 

components which consist of Fuzzy Logic Designer, Surface Viewer, Rule Editor, Membership 

Function Editor and Rule Viewer which will be explained in further details. There are directions, 

stages and usage for each of the boxes which are relevant to the information of a system to be 

designed (Agboola, 2013, Awan & Awais, 2011, Hemayatkar, 2018). 

 

A. Input 

The input is the weather event data. 
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B. Process 
 
 

 
 

 

User can build and evaluate fuzzy inference system for modelling a complex system behavior 

with the aid of fuzzy logic designer application (see Figure 2). There is no limited number of data 

entry in the fuzzy logic designer. If the data entry and membership function are high,  it will be a 

problem in interpreting the outcomes for an inference system. Moreover, user can modify and build 

an appropriate model inference system using this fuzzy logic designer display box. 

 

 
 

 

 

The membership function editor is a method for viewing and modifying all membership 

features associated and enables a user to manipulate input and output data for entire fuzzy    inference 

system. Users can also view the membership function plots which are shown in Figure 3 above for 

the variable which are selected. 
 

Figure 2. Fuzzy Logic Designer 

 

Figure 3. Membership Function Editor 
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The rule editor box is widely used to create an IF-THEN network. This is because the rule editor 

allows the user to build the rule statements. A collection of rules can be generated automatically 

depending on the input variable which is set in the box as shown in Figure 4. 

 

 

 

 

The overall results of the fuzzy inference process will be shown in the rule viewer section. Users can 

observe a new screen of a diagram pop-up with numerous graph plots embedded within it. The rule 

viewer will illustrate and shows a set of membership function in every column (see Figure 5). 

Figure 4. Rule Editor 

 

 

 

Figure 5. Rule Viewer 
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In the surface viewer (see Figure 6), it will display the surface that represents the mapping of the 

membership function where the three-dimensional of x is for input, y is for input and z is for the 

output. 

 
C. Output 

The output will be used as parameters related to forecasting the selected weather events such as rain, 

thunderstorm, rain-thunderstorm, partly cloudy and sunny. Hence, the mapping of weather 

parameters onto weather events must be developed to obtain the forecasted weather events. In this 

study, a comparison of the forecast events will be made to display the wider view of forecasting data 

of the fuzzy rules and the data accuracy will be calculated to increase the accuracy of forecasting data 

of the fuzzy rules. 

 

RESULTS AND DISCUSSION 

 

The results are conducted by implementing MATLAB software and will be discussed in detail. 

Besides, the accuracy of the forecasting will be examined.  There are 234 sets of rules which are 

successfully developed by focusing on the data and the weather event in the year 2019. The 

successfully developed rules consist of 29 rules for cloudy weather events, 42 rules for sunny weather 

events, 20 rules for thunderstorm weather events, 63 rules for rain weather events, and 80 rules for 

rain- thunderstorm weather events. 
 

 

 

 

 

 

 

 

 

 

Figure 6. Surface Viewer 
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Figure 7. Comparison of actual and forecasted data 

 

Figure 7 portrays the comparison in total number of forecasted data which have moderate 

precision of accuracy with the actual weather events in days using graph plotting. The actual data are 

represented using the bar chart graph whereas the forecast data are represented by the line   graph 

plotting. It is clearly illustrated that the forecast data exceeded the actual data value for 

“Thunderstorm” and “Rain” weather events. Moreover, there are no actual data for “Sunny” and 

“Cloudy” weather events, so the data could not be compared with the forecast data. Thus, the plotting 

indicates that the forecast data is higher in majority weather event as compared to actual data which 

contain some missing value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Corresponding analysis of match and mismatched data 

 

Figure 8 portrays the corresponding data between matching and mismatched data for the actual 

and forecast weather event. This clearly illustrated that the matching data are higher than the 

mismatch data in total for the year 2019. The highest matching data are for “Rain- Thunderstorm” 

weather event with 80 matching data corresponding to actual and forecast weather events. Apart from 

that, for “Rain” weather event, there are 63 matching data which marked the second highest matching 

data whereas as much as 20 matching data for “Thunderstorm” weather event corresponds to actual 

and forecast weather events. 
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Figure 9. Accuracy analysis for forecasted weather event 

 

Figure 9 portrays the precision of accuracy for forecasted weather events in percentage using 

bar graph plotting. The overall precision of accuracy is obtained by 75.5% for all three weather 

events. There are three weather events data been plotted which are “Rain”, “Thunderstorm” and 

“Rain-Thunderstorm”. Among the three, only “Rain” weather event managed to achieve the highest 

precision of accuracy compared to the other two weather events. 

 

 

Figure 10. Error analysis for forecasted weather event 

 

Figure 10 illustrates the error analysis for the three weather events resulting in a total error 

analysis of 23.6%. Among the weather events there are two weather events with high  error analysis 

which are ‘Rain-Thunderstorm” and “Thunderstorm”. Nevertheless, compared to the three-weather 

event, the lowest error analysis is the “Rain” weather event resulting in 18.2%. However, there is no 

outcome for the "Sunny" and "Cloudy" weather events because there is no actual data available. 
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Figure 11. Monthly forecast of accuracy analysis  

 

To sum up, an overall plotting of graph has been performed to show the differences in terms 

of months for the precision of accuracy for the forecasting weather events. The month which has the 

highest precision of accuracy is in April with approximately 90% accuracy and followed by March, 

August and September with approximately 70% to 80% accuracy. However, there were two months 

which marked the lowest precision of accuracy. They are the month of July and October with 

approximately 55% and 65% respectively. The obvious low accuracy of the forecast weather is due 

to scarcity of a rule that could be developed including the existence of several missing events that 

could contribute to low accuracy. 

 

CONCLUSION 

 

This paper has discussed in detail regarding the method of a fuzzy rule-based system in developing 

the rules for forecasting weather events. The implementation of FRBS have been positively 

accomplished by utilizing the software which is MATLAB R2018a. In particular, this paper is 

executed for several   reasons in order to track and determine the weather event in Kota Kinabalu, 

Sabah. It is quite a beneficial and effective method to achieve the objective of this experiment. 

Another success is when 178 fuzzy rules were developed based on the actual weather data by using 

two days scenario to forecast the third day weather event. 

 

This study has accomplished the contribution as the   fuzzy rule-based system is being 

implemented successfully in Matlab to perform weather event forecasting. Precision, reliability and 

consistency have been improved in order to determine and analyze meteorological forecasts. This 

also suggests that on the weather forecasting data a fuzzy inference method can be implemented as 

well. It is indeed evident from the result that the fuzzy method of inference is an effective climate 

modeling technique. A weather forecasting system can be developed by FRBS and the use of    FIS 

can allow the user to produce a better outcome than the preceding one. 

 

Although some techniques and concepts in forecasting weather events are a contribution to the 

paper, there are some modifications that should be introduced to boost potential efficiency in the 

future. These suggestions are to enhance the method that has been implemented in this work. The 

few aspects which need to be enhanced are the usage of data and parameters, the development of new 

effective techniques and many more. 
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ABSTRACT: Seismic monitoring networks are the crucial elements in strong motion seismology for 

effective risk reduction. Low scale lateral variation of high intensity ground movement caused by 

earthquakes will be detected more effectively with densely located networks. However, the limitations of 

developing such project are rooted in expensive costs associated with the construction and installation in 

addition to bulky size of the conventional seismic observation system. Recently, micro-electromechanical 

system (MEMS) has being recognized in the applications of seismological and earthquake engineering due 

to the high precision obtained in these micron size semiconductor instruments and cheaper alternative for 

traditional seismic detector. ADXL345 is a type of digital triaxial MEMS accelerometer that is ideal for 

measurement of low-frequency vibrations and static accelerations of gravity, which makes it suitable for 

ground motion detection. Thus, this study aims at calibrating ADXL345 sensor that is required as sensing 

component in an affordable earthquake monitoring system with the Earthquake Benchmarking System 

(Penanda Aras Gempa Bumi, PAG) available in the inventory of Department of Mineral and Geoscience 

Malaysia, Sabah. Soil vibrations in EW (east-west or x-axis), NS (north-south or y-axis), and UD (up-down 

or z-axis) directions during random forces hit on the surface are recorded by both accelerometers. 

Acceleration magnitudes recorded by PAG and ADXL345 are extracted and data exploration is performed. 

Predominantly, ADXL345 measurements in horizontal and vertical ground movements are on a higher scale 

than the reference device. Subsequently, evaluation by using descriptive statistical analysis is chosen to 

produce numerical equations for data correction operations. İmplementation of the mathematical functions 

in ADXL345 for observing land movements in EW, NS, and UD directions resulted in decreasing the range 

values of output readings. Higher approximation of magnitudes of ground motion with the PAG system is 

achieved. 

  

KEYWORDS. affordable, ground motion, calibration, descriptive analysis 
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INTRODUCTION 

 

Propagation of seismic waves is due to the formation of earthquakes that result from the fault movement 

between tectonic plates (Jena and Pradhan, 2018). Gravitational and inertial forces from the quake generate 

ground movements causing lateral displacement of large shallow blocks of soils. Consequently, destructive 

effects are experienced in the faulted areas and increase the risk (Khoiry et al., 2018) of life loss in the 

aftermath of demolition of buildings as well infrastructures (Khoiry et al., 2018). 

 In a situation of a ravaging earthquake strikes an area, emergency rescue operations are facing 

crucial situations to save lives. The possibility of saving victims trapped or injured in a collapsed structure 

decreases exponentially as a function of time and eventually vanishes after hours (D’alessandro et al., 2018). 

With massive seismic monitoring networks, low intensity lateral variation of land motion due to tremors will 

be measured effectively. This increases preparedness time prior to earthquake occurrence in a community 

and improve the efficiency of emergency management. However, the growth of seismic observation 

weakens as such projects can cost millions of dollars (Strauss and Allen, 2019) and usually heavy and bulky 

(Scudero et al., 2018) with complex maintenance procedures. For instance, a complete seismic monitoring 

system for the West Coast of the United States would cost 16.1 million dollars per year and cost to increase 

number of stations as well to upgrade the system is 38 million dollars (Strauss and Allen, 2019). 

 Great advancements in seismological and earthquake engineering have been attained in the last 

decades following the technical modernization of the instrumentation. The quake monitoring application 

substantially developed in the 1990s in view of the introduction of MEMS (micro-electromechanical system) 

technology (Scudero et al., 2018). MEMS device own its recognition as an affordable alternative of 

conventional earthquake detector, it is a high-precision system (Tanırcan et al., 2017) with sensitivity and 

dynamic range that allows the measurement of earthquake obtained from a dimension on the order of 

microns (D’Alessandro et al., 2014). Moreover, frequency response of a MEMS accelerometer can easily be 

improved by equalization (Sigcha et al., 2018). 

 Triaxial Digital Accelerometer ADXL345 (ADXL345) is a type of MEMS accelerometer that is 

well suited for mobile device application. The measurement range of ADXL345 is ±2g to ±16g. The 

accelerometer sensor module able to record static acceleration of gravity in tilt-sensing application also 

dynamic acceleration from motion or shock. High resolution of ADXL345 scale range capable of detecting 

changes of inclination less than 1.0° (Description and Diagram, 2009). Physical properties of ADXL345 

make it as ideal transducer module in the construction of seismic monitoring network. Hence, this research 

aims at calibrating ADXL345 accelerometer sensor that is required as sensing component in an affordable 

earthquake monitoring system with the Earthquake Benchmarking System (Penanda Aras Gempa Bumi, 

PAG) available in the inventory of Department of Mineral and Geoscience Malaysia, Sabah. 

 

MATERIALS AND METHODS 

 

In the process of calibrating ADXL345 with PAG as reference instrument, there are two major steps that are 

included which is the measurements of gravity acceleration in the field and the descriptive statistical 

calibration that is performed on the data obtained. ADXL345 device (in Figure 1) used for seismic data 

acquisition was built by integrating the accelerometer sensor module with processing unit which is the 

Arduino Mega 2560 microcontroller. 
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a. Photo of the sensing instruments 

 
b. Complete block diagram of the earthquake measurement system using ADXL345 

 

Figure 1: ADXL345 earthquake sensor consists of ADXL345 triaxial digital accelerometer, and Arduino 

Mega 2560 microcontroller as the processing unit 

 

 

 Field tests are conducted by creating a simulation of an earthquake condition in an outdoor area. 

ADXL345 device and PAG is placed 1.0 m from each other as shown in Figure 2. Hit forces randomly given 

to the ground surface using a hammer at a distance of 3.0 m from both systems to mimic the propagation of 

seismic waves. Ground acceleration in the direction of EW (east-west or also known as x-axis), NS (north-

south or y-axis), and UD (up-down or z-axis) is recorded simultaneously by ADXL345 and PAG. Then, 

acceleration magnitudes are extracted to perform data exploration. Next, linear regression analysis is 

performed using SPSS (Statistical Package for the Social Sciences) to obtain the correlation coefficient (R) 

of recorded data by both devices. By using descriptive statistical calibration method, numeral equations are 

formed for data correction operation. 
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Figure 2: Placement of PAG and ADXL345 is in distance 1.0m and force is given from 3.0m away of both 

devices. 

 

 

RESULTS AND DISCUSSION 

 

Measurements of ground acceleration obtained from PAG and ADXL345 system in the directions of EW, 

NS, and UD due to impact force on surface of the ground plotted in line graphs as presented in Figure 3. It 

can be seen there is huge difference between the two recorded data. Linear regression analysis of raw data of 

ADXL345 and the reference instrument (in Figure 4) in the direction of EW, NS, and UD resulted in R 

values of 0.364, 0.562, and 0.306, respectively. The correlation coefficient indicates a low positive 

correlation (Mukaka, 2012) between the MEMS accelerometer sensor and the reference instrument. 

 

 

Figure 3: Line graph plots of the ground acceleration obtained using ADXL345 and PAG in directions of 

EW (x), NS (y), and UD (z) 
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Figure 4: Linear regression of raw acceleration readings from ADXL345 and PAG for each orientation of 

motion. 

 

 Detail examination shows that ADXL345 recorded higher value of soil motion in horizontal (EW 

and NS) and vertical (UD) axis compared to readings from PAG (Figure 3). The overall recorded data are in 

the range of 0.00 g to 0.29 g for PAG and 0.16 g to 12.67 g for ADXL345. Therefore, a correction to the 

observed data should be carried out and is described in the following. 

 

The descriptive statistical calibration method is performed by observing the mean of acceleration on 

sensitive axis of ADXL345 within the scale range measured in the relative axis by PAG. Sensitive axis of 

ADXL345 by mean is the axis that succeeded to respond and measured corresponding either increase or 

decrease pattern on motion of relative axis recorded by PAG. Calculation of correction factor is performed 

for the average data from sensitive axis on ADXL345 with readings on the similar axis of PAG. Correction 

factor for the other axis is calculated from the average calibrated data of sensitive axis of ADXL345 with 

mean of relative data on the remaining axis of PAG. Subsequently, numeral equations are formed by 

including the correction factors for correcting the data of the MEMS device. Mathematical functions for 

producing data in ranges of 0.00 g to 0.29 g on ADXL345 are listed in Table 1. In those equations, 𝑥, 𝑦, and 

𝑧, is the average raw data and 𝑋, 𝑌, and 𝑍 is the mean calibrated data of axis EW, NS, and UD respectively. 

 

Table 1: Numeral Equations Formed to Calibrate Data Obtained From ADXL345. 

Range Sensitive Axis on ADXL345 Equation 

0.00g – 0.09g UD or Z-Axis 𝑍 = 𝑧 𝑣? 233.4 

 

 

0.10g – 0.19g NS or Y-Axis 𝑌 = 𝑦 𝑣? 7.31 

 

𝑍 = 𝑌 𝑣? 1.20 

0.20g – 0.29g EW or X-Axis 𝑋 = 𝑥 𝑣? 1.75 

𝑌 = 𝑋 𝑣? 1.63 

𝑍 = 𝑋 𝑣? 2.93 

 

 Implementation of the numeral functions in ADXL345 described in Table 1 has lowered its 

measurement range values close to that of PAG. The linear regression analysis made for the calibrated data 
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EW, NS, and UD, respectively. These values are much higher compared to the correlation in the original 

data shown in Figure 4. This indicates that the data of ADXL345 now has a high positive correlation 

(Mukaka, 2012) and better represents the observed data from ADXL345 in comparison with the reference 

measurement using PAG. This is shown in Figure 6 where there is huge improvement between the data 

acquired using numerically calibrated ADXL345 and from PAG, in comparison before the calibration shown 

in Figure 3. 

 

Figure 5: Linear regression analysis of calibrated data ADXL345 and PAG for each direction of motion 

EW, NS, and UD 

 

 
Figure 6: Graphical comparison of the readings from ADXL345 and PAG with simulated ground 

acceleration (refer Figure 2 for simulating ground acceleration using a hammer). 

 

CONCLUSION 

 

Calibration of ADXL345 earthquake sensor with the reference instrument PAG was conducted using 

descriptive statistical calibration method. Mathematical equalizations are produced by calculating 

multiplication factors on average range data on sensitive axis of ADXL345 relative to the mean of average 

of respond data on PAG. Corrected data after the implementation of numeral equations for each range and 
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has decreased the range scale of measured data on ADXL345 and consequently increased the correlation 

coefficient between the accelerometer sensor and PAG. This has highly improved the accuracy of displayed 

data from ADXL345 and is ready to be integrated in a construction of actual seismic monitoring networks. 
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ABSTRACT: This paper highlights the geochemical compositions and mineralogy of the alteration zone of 

the andesitic host rock and volcanic breccia in Bukit Mantri area near Balung, Tawau, Sabah, where a gold 

mining project is now taking place. Minerals identified by XRD analysis include quartz, pyrite, K-feldspar, 

muscovite, chlorite, kaolinite, hematite, and goethite, while thin section analysis confirms the abundance of 

pyrite. XRF and ICP-OES analyses suggest a significant concentration of SO3, Cu, Pb, Zn and As, with 

average values of 2.68wt%, 254μg/g, 236.9μg/g, 232.9μg/g, and 30.6μg/g, respectively, in the hydrothermally 

altered andesite. The widespread presence of pyrite and higher concentration of SO3 provide insights for 

environmental control for its higher acidity generation potential. Meanwhile, secondary minerals such as iron 

and aluminium oxides and silicate minerals may provide acid buffers and reduce the dispersion of 

constituents. 
 

KEYWORDs: geochemistry, mineralogy, hydrothermal alterations, gold mineralisation, Bukit Mantri 

 

 

INTRODUCTION 

 

A mining lease was issued for a gold mining project in 2013 and began developing its mine between 2017 and 

2018 in Bukit Mantri, near Balung, Tawau, Sabah. The approved mining lease is situated between Bukit 

Mantri and Bukit Tundong, geographically bounded by 4°29’N to 4°31’N and 118°6’E to 118°8’E, near 

Balung, Tawau, Sabah (Figure 1). The first phase of mine development and mining activities focuses on the 

Bukit Mantri area. 

 

The geology of the area is characterised by andesitic to dacitic volcanic flow and pyroclastic of 

Pliocene, and Kalumpang Formation, which consists of marine sediments interbedded with volcaniclastics 

composed of tuff, sandstone, claystone, volcanic conglomerates and breccia, and limestone, and deposited in 

an early Middle Miocene shallow neritic environment (Musta et al., 2008; Tahir et al., 2010). 

 

The volcanic hosts an epithermal low-sulphidation gold deposit (Haruna, 2016; Yan, 1991), and the 

mineralisation is described as a series of quartz-sulphide hydrothermal breccia veins enveloped by quartz-

adularia-sericite near the veins, argillic, and propylitic alterations. Other reported alteration profiles include 

silicic, late-stage kaolinitic, and late-stage carbonate. These wall-rock alterations indicate the changes in 

geochemical composition and mineralogy of host rock (Nordstrom, 2011) and potentially affect the 

surrounding environment as they both can increase and decrease acid-generating capacity (Plumlee, 1999).  

mailto:shafreen@live.com.my1
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Moreover, oxidations, formation of secondary minerals and sorption could also superimpose the variability of 

the geochemical composition of the mineral deposits and host rocks (Nordstrom & Alpers, 1999; Plumlee, 

1999; Smith, 1999).  

 

Presently, the background geochemical composition and mineralisation, and their relationship to 

hydrothermal mineralisation and dispersion, are unavailable. Therefore, the objectives of this study are to 

examine the geochemical composition of hydrothermally altered host rocks and volcanic breccia in the area 

and to discover signature minerals that may have an impact on the environment. 

 
 

 

 

Figure 1. The geological map of the study area based on Yan (1991) and the 

distribution of sampling locations. 
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MATERIALS AND METHODS 

 

Seventeen hand specimen samples of the alteration zone of andesitic rock were collected from fresh outcrops 

in the surrounding area of Bukit Mantri during the early phase of mine development in May 2018 (Figure 2), 

and they are identified as argillised, propylitised, silicified, argilised and sulphidised andesite, and volcanic 

breccia. The descriptions of the hand specimens are listed in Table 1. 

 

Selected hand specimens of argilised, propylitised and silicified andesite were cut, placed on glass, 

and polished to a thickness of about 0.03 mm for thin section analysis (Figure 3), and the identification of 

minerals is based on Mackenzie et al. (2017). Meanwhile, crushed and pulverised samples were then used for 

mineral identification by X-Ray Diffraction (XRD) technique using Cu-source X-Ray, measuring at 

diffraction angle, 2θ between 10° and 80° for about 30 minutes using Bruker D8 Advance (Bruker Corp.), 

subsequently analysed using High Score Plus Version 3.0.5 application (Malvern Panalaytical Inc.) with The 

American Mineralogist Crystal Structure Database as the reference (Clark & Downs, 2004; Downs & Hall-

Wallace, 2003). 

 

Major elements geochemistry was analysed using pre-prepared fuse discs from the pulverised samples 

with X-Ray Fluorescence (XRF) Spectrometer (Musta et al., 2008) using PANAnalytical Zetium XRF 

Spectrometer (Malvern Pananalytical Inc.). In contrast, trace elements were measured using Inductively 

Coupled Plasma - Optical Emission Spectrometry (ICP-OES) technique using Perkin Elmer Optima 5300 DV 

Spectrometer (PerkinElmer Inc.). Prior to ICP-OES analysis, samples were digested with 70% concentrated 

HNO3 and 50% concentrated HF inside Teflon beakers under slow heating between 90°C and 100°C on a 

hotplate. Loss on Ignition (LOI) was performed gravimetrically and incorporated for the total of major 

elements geochemistry calculation. General statistical and coefficient of correlation analysis (r) calculations 

were performed in Microsoft Excel 365 (Microsoft Corp.). 
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Figure 2. Outcrops and hand specimen samples in the alteration zone of andesite and volcanic 

breccia in Bukit Mantri area; (a) and (b) argillised andesite, (c) and (d) propylitised andesite, 

(e) and (f) silicified andesite, (g) and (h) volcanic breccia, and (i) and (j) argillised and 

sulphidised andesite. 
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Table 1. Description of hand specimens of hydrothermally altered andesite and volcanic breccia in 

Bukit Mantri área 

 

ID Description of hand specimen ID Description of hand specimen 

JMG-

01 

Weak to moderately argillised 

andesite, yellowish — purplish dark 

brown, moderate to highly oxidised 

and weathered, moderately limonitic, 

ferromanganese (Fe-Mn) was 

observed in some parts, mostly along 

with the fractures, and no sulphides 

were noted. 

JMG-02 Weakly argillised andesite, yellowish 

— purplish dark brown, moderate to 

highly oxidised and weathered, 

moderately limonitic with few 

ferromanganeses (Fe-Mn) along the 

fractures, cut by weak — moderately 

intense quartz veinlets, and 

disseminated relics of fine-grained 

sulphides observed most likely pyrite. 

 

JMG-

03 

Moderately argillised andesite. 

Whitish to yellowish, highly oxidised 

and weathered, moderately limonitic 

with few ferromanganeses (Fe-Mn) 

along the fractures, relics of fine-

grained pyrite observed in some parts 

. 

JMG-04 Moderate to highly argilllised 

andesite, whitish to purplish, highly 

oxidised and weathered, moderately 

limonitic, moderately cut by quartz 

veins. 

JMG-

05 

Prophylitic andesite, slightly 

weathered to fresh, greenish grey, 

moderate to strongly chloritised, cut 

by few limonitic quartz veins, 

dissemination of fine-grained pyrite 

and few chalcopyrite observed 

pervasively. 

 

JMG-06 Prophylitic andesite, slightly 

weathered to fresh, greenish grey, 

porphyritic with phenocryst of 

feldspar, weak to moderately 

chloritised, dissemination of fine-

grained pyrite noted. 

JMG-

07 

Moderate to highly weathered and 

oxidised andesite, purplish to whitish-

yellow, moderately argilised, limonite 

observed mostly along fractures, 

pyrite relics noted in some parts. 

JMG-08 Moderate to highly weathered and 

oxidised andesite, yellowish to 

purplish brown, weak to moderately 

limonitic and hematitic mostly along 

fractures, relics of sulphides noted in 

some parts. 

 

JMG-

11 

Moderate to strongly argillised 

andesite, whitish - greenish grey, 

chloritic, moderately to highly 

oxidised and weathered, moderately 

limonitic with the dissemination of 

fine-grained pyrite observed. 

JMG-12 Volcanic breccia/Volcanoclastic with 

angular to subangular volcanic rock 

clasts, yellowish to reddish-brown, 

highly weathered and oxidised, cut by 

weakly intense ferromanganese (Fe-

Mn) veins, no sulphides observed. 

 

JMG-

13 

Highly weathered and oxidised 

propylitised andesite, yellowish to 

purplish brown, clayey, cut by weakly 

intense ferromanganese (Fe-Mn) 

veins, no sulphides observed. 

JMG-14 Moderate to highly sulphidised and 

argillised andesite, highly weathered 

and oxidised, greenish – whitish light 

grey, dissemination of fine to  

medium-grained pyrite observed 

pervasively. 
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ID Description of hand specimen ID Description of hand specimen 

JMG-

15 

Moderate to highly sulphidised and 

argilised Andesite, moderately to 

highly weathered and oxidised, 

greenish — whitish light grey, 

disseminating fine to medium-grained 

pyrite observed pervasively. 

JMG-16 Moderate to highly sulphidised and 

argilised andesite, greenish — whitish 

light grey, moderately to highly 

weathered and oxidised, cut by weak 

to moderately intense limonitic quartz 

veins, dissemination of fine to 

medium-grained pyrite observed 

pervasively. 

 

JMG-

17 

Moderate to highly sulphidised and 

argilised andesite, greenish — whitish 

light grey, moderately to highly 

weathered and oxidised, limonitic 

quartz veins noted in few parts, 

dissemination of fine to medium-

grained pyrite observed pervasively. 

 

  

 

 

RESULTS & DISCUSSION 

 

Mineralogy 

 

Quartz, pyrite, muscovite, K-feldspar, chlorite, goethite, hematite, and kaolinite are minerals that appear in 

XRD spectrograms (Figure 4). Pyrite becomes a major mineral after quartz, appearing in argillised, 

propylitised, silicified, sulphidised and argillised andesite. Muscovite is found in sulphidised and argillised 

andesite, whereas K-feldspar and chlorite are identified in propylitised andesite. Additionally, goethite, 

hematite, and kaolinite are also presented, and these secondary minerals are the results of weathering on the 

country rocks.  

 

 The specimens’ micrographs under plane-polarised light (PPL) and cross-polarised light (XPL) 

confirm the presence of quartz, pyrite, K-feldspar and chlorite (Figure 3). Pyrite has been observed in all 

specimens, including propylitised andesite, indicated by dark (opaque) and cubical-shaped crystals in the 

optical micrographs. Meanwhile, K-feldspar, chlorite, and mineral crystals of unidentified sulphide minerals 

that appeared alongside pyrite are observed in propylitic and argillised andesite, respectively. In the 

prospecting and earlier geochemical survey reports, some notable sulphide minerals are chalcopyrite, 

sphalerite and galena, while muscovite and K-feldspar are referred to as sericite and adularia, respectively 

(Haruna, 2016; Yan, 1991). The analyses on XRD spectrograms and thin section microscopy suggest that 

pyrite is highly distributed in host rocks and has become the principal mineral of environmental concern owing 

to its potential to increase acid-producing capacity. Meanwhile, the availability of silicate and secondary 

minerals in the area could attenuate acid waters and limit trace elements' mobility. 
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Figure 3. Thin section optical microscopy images of selected hydrothermally altered andesite; (a) 

argillised andesite (PPL), (b) argilised andesite (XPL), (c) propylitised andesite (PPL), (d) propylitised 

andesite (XPL), (e) silicified andesite (PPL), and (f) silicified andesite (XPL), showing the presence of 

quartz (Qz), pyrite (py), K-feldspar (KF), and chlorite (Chl). 
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\ 

Figure 4. XRD Spectrograms show mineral phases identified as [a] kaolinite and goethite in highly 

weathered argilised andesite, [b] quartz and hematite in weathered argilised andesite, [c] quartz, K-

feldspar, pyrite, and chlorite in propylitised andesite, [d] quartz and pyrite in silicified andesite, [e] 

quartz and K-feldspar in volcanic breccia, and [f] quartz, pyrite, and muscovite in sulphidised and 

argilised andesite. 
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Major elements geochemistry 

 

Tables 2 and 3 summarise the results of major element geochemistry and the calculation results of coefficient 

of correlations among the major elements. SiO2 is the most abundant oxide in the country rocks, ranging from 

32.77wt% to 74.39wt%. Al2O3 and Fe2O3
T are the second and third most abundant oxides, between 6.11wt% 

and 26.00wt%, 3.73wt% and 23.45wt%, respectively. The oxide of other major elements such as TiO2, K2O, 

MnO, MgO, CaO, Na2O and P2O5 made up the rest of the geochemical compositions, from below the detection 

limit to 7.52wt%. Meanwhile, SO3 is ranging 0.03wt% to 7.35wt%, and LOI from 3.28wt% to 13.45wt%. 

 

Silicified andesite has the most SiO2. During silicification, rock materials have been replaced by SiO2 

(Plumlee, 1999), resulting in a higher SiO2 concentration. SiO2 has a moderate to strong negative correlation 

with Al2O3 and Fe2O3
T (r=-0.80 and r=-0.75), suggesting the formation of secondary minerals containing these 

oxides are likely to form as the degree of weathering increases while the concentration of SiO2 decreases. The 

average Fe2O3
T composition of all andesite samples is 8.56wt%, relatively higher than the reference 

composition, 3.27wt% (Winter, 2014), indicating that the country rock has relatively weathered. 

 

The average concentration of MgO, CaO and Na2O in the hydrothermally altered andesite are 

1.03wt%, 0.09wt%, and 0.06wt%, respectively, which appear to be lower than their respective reference 

compositions of 3.33wt%, 6.79wt%, and 4.48wt%, whereas K2O and MnO are 3.36wt% and 0.41wt%, 

respectively have increased from 1.62wt% and 0.14wt%. The near-zero correlation of MgO, CaO and Na2O 

with Al2O3 and Fe2O3
T suggests the leaching of these oxides during weathering is relatively weak but varying 

due to hydrothermal alterations. MgO and CaO are also relatively higher in propylitised andesite than in other 

alteration profiles of andesite and volcanic breccia. The relatively higher average of K2O than the reference 

composition and the relatively higher concentration in propylitic andesite and volcanic breccia suggest 

hydrothermal alterations have introduced and enriched potassium-bearing minerals such as K-feldspar or 

adularia in the parent rocks.  
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Table 2. The concentration of major elements in hydrothermally altered andesite and volcanic breccia in Bukit Mantri gold mine area, Tawau, Sabah. 
 

Id 
Rock 

Typealt. 

SiO2 TiO2 Al2O3 Fe2O3
T MnO MgO CaO Na2O K2O P2O5 SO3 LOI 

TOTA

L 

wt% 

JMG-01 And.arg. 32.77 1.01 26.00 23.45 1.49 0.17 0.00 0.02 1.11 0.14 0.38 13.45 100.00 

JMG-02 And.arg. 74.39 0.61 12.99 4.82 0.03 0.46 0.03 0.06 2.90 0.05 0.36 3.28 100.00 

JMG-03 And.arg. 56.80 0.72 18.51 10.72 2.07 0.77 0.02 0.05 3.52 0.03 0.11 6.68 100.00 

JMG-04 And.arg. 66.56 0.61 14.13 10.80 0.03 0.37 0.01 0.02 1.80 0.03 0.17 5.47 100.00 

JMG-05 And.prop. 53.81 0.57 14.82 8.76 0.42 1.49 0.04 0.13 7.32 0.03 6.16 6.46 100.00 

JMG-06 And.prop. 61.62 0.64 15.28 7.36 0.91 3.34 1.05 0.07 4.63 0.10 0.30 4.71 100.00 

JMG-07 And.arg. 66.76 0.75 19.67 3.73 0.02 0.53 0.03 0.04 2.94 0.01 0.03 5.49 100.00 

JMG-08 And.prop. 60.43 0.70 17.89 10.21 0.03 0.66 0.01 0.02 2.70 0.02 0.09 7.26 100.00 

JMG-09 And.arg. 61.70 0.64 14.80 7.46 0.03 0.76 0.02 0.09 2.97 0.03 0.31 11.18 100.00 

JMG-10 And.si. 74.14 0.20 6.11 6.34 0.04 0.13 0.04 0.01 1.14 0.02 6.06 5.77 100.00 

JMG-11 And.arg. 55.04 0.83 17.98 10.51 0.26 1.57 0.06 0.14 3.04 0.10 3.53 6.96 100.00 

JMG-12 
Volc. 

Breccia 
58.04 0.94 18.91 8.93 0.94 0.47 0.03 0.08 4.68 0.08 0.07 6.84 100.00 

JMG-13 And.prop. 48.43 1.05 23.90 9.93 1.04 0.15 0.01 0.12 7.52 0.04 0.13 7.67 100.00 

JMG-14 And.arg., sulph. 62.05 0.52 14.59 5.24 0.05 0.86 0.06 0.04 3.70 0.01 5.52 7.37 100.00 

JMG-15 And.arg., sulph. 60.58 0.65 16.78 4.57 0.02 1.07 0.02 0.03 3.28 0.02 5.37 7.61 100.00 

JMG-16 And.arg., sulph. 54.39 0.59 16.12 6.59 0.07 3.15 0.02 0.09 1.55 0.03 7.35 10.05 100.00 

JMG-17 And.arg., sulph. 51.85 0.56 17.12 6.49 0.03 0.95 0.03 0.08 3.62 0.03 6.98 12.27 100.00 

Minimum 32.77 0.20 6.11 3.73 0.02 0.13 0.00 0.01 1.11 0.01 0.03 3.28  

Maximum 74.39 1.05 26.00 23.45 2.07 3.34 1.05 0.14 7.52 0.14 7.35 13.45  

Average1, x̄ 58.83 0.67 16.67 8.56 0.41 1.03 0.09 0.06 3.36 0.04 2.68 7.61  

Ref. comp. 57.9 0.87 17.0 3.27 0.14 3.33 6.79 3.48 1.62     99.272 
 

Remarks: Alt = alteration, And = andesite, arg. = argilised, prop. = propylitised, si. = silicified, sulp. = sulphidised, bdl = below detection limit, Ref. comp. = 

ref composition. The geochemical compositions are normalised to 100 wt%. 1 = average exclude of volcanic breccia, 2 = include H2O composition of 0.83%. 

Reference andesite geochemical composition: Winter (2014). 
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Table 3. The coefficient of correlations, r between major elements. 

 

Item TiO2 Al2O3 Fe2O3
T MnO MgO CaO Na2O K2O P2O5 SO3 LOI 

SiO2 -0.66 -0.80 -0.75 -0.55 -0.05 0.10 -0.28 -0.18 -0.55 -0.01 -0.74 

TiO2  0.93 0.55 0.55 -0.16 -0.08 0.31 0.32 0.55 -0.58 0.25 

Al2O3   0.59 0.55 -0.13 -0.12 0.19 0.24 0.45 -0.41 0.45 

Fe2O3
T    0.61 -0.23 -0.10 -0.09 -0.17 0.70 -0.33 0.49 

MnO     -0.06 0.17 0.07 0.24 0.50 -0.43 0.12 

MgO      0.65 0.37 0.07 0.16 0.33 -0.03 

CaO       0.06 0.18 0.37 -0.16 -0.29 

Na2O        0.65 0.18 0.16 0.07 

K2O         -0.07 -0.05 -0.20 

P2O5          -0.32 0.22 

SO3                     0.24 

 

SO3 is consistently higher in argilised and sulphidised andesite, and its concentration is also 

significant in some argilised, propylitised and silicified andesite, whereas it is least in volcanic breccia. 

It is anticipated that the sulphidation process has fundamentally altered the geochemistry and increased 

the concentration of sulphide minerals, especially pyrite. LOI was found in high concentrations in the 

parent rocks. The coefficient of correlation between LOI and SiO2 shows a negative and moderate 

relationship (r= -0.74), implying it also shows volatile matters such as sulphur gases in sulphidised 

samples are likely higher in weathered materials than in relatively fresh parent rocks. 

 

Trace elements geochemistry 

 

Results of ICP-OES on trace element geochemistry are tabulated in Table 4. The concentration of trace 

elements, i.e. As, Ba, Cu, Pb, Zn, Cd, Cr, Ni, and Ag are 8.1μg/g to 129.2μg/g, 101.0μg/g to 103.8μg/g, 

9.1μg/g to 827.1μg/g, 12.2μg/g to 535.3μg/g, 61.2μg/g to 929.9μg/g, below detection limit to 4.2μg/g, 

11μg/g to 27.μg/g, 4.2μg/g to 16.9μg/g, and below detection limit to 2.6μg/g, respectively. The most 

significant trace elements in the parent rocks are Cu, Pb, Zn and As. On average, the Cu, Pb and Zn 

concentrations are nearly identical in the altered andesite of 254.0μg/g, 236.9μg/g and 232.9μg/g, 

respectively. On the contrary, in volcanic breccia, Cu concentration is significantly lower, 42.1μg/g, 

than Pb, 535.3μg/g and Zn, 541.2μg/g, respectively.
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Table 4. The concentration of trace elements in the hydrothermally altered andesite and volcanic breccia in Bukit Mantri gold mine área, Tawau, 

Sabah. 

 

Id Rock Typealt. 
As Ba Cu Pb Zn Cd Cr Ni Ag 

µg/g 

JMG-01 And.arg.  25.4 102.7   131.2  430.1  548.7 0.2 15.5  6.5 <0.01 

JMG-02 And.arg.  30.9 101.4     40.4  486.2         72 0.2 11.4  4.2 2.6 

JMG-03 And.arg. 108.5   101   351.2          427  246.5 1.4 17.4  6.5 <0.01 

JMG-04 And.arg.  27.9 102.5   108.2  463.1    61.8 <0.01 25.4  4.2 <0.01 

JMG-05 And.prop.   8.1   101   427.6  374.2  286.1 1.5 18.3  5.5 <0.01 

JMG-06 And.prop.  11.6 101.2     22.9  237.6  929.9 4.2 27.8 14.1 <0.01 

JMG-07 And.arg.  78.2 101.9     38.2   40.9    61.2 1.1 12.8  4.6 <0.01 

JMG-08 And.prop.            13 103.8     33.7   31.9    67.4 <0.01 12.9  4.2 <0.01 

JMG-09 And.arg.  32.7   102   221.5  491.9    82.1 0.4 20.8  4.4 <0.01 

JMG-10 And.si.  54.3 101.4 1827.1  155.5  449.6 2.3        11  4.4 2.4 

JMG-11 And.arg.  35.5 102.2   354.1    27.7  151.9 2.3 14.5  7.9 <0.01 

JMG-12 Volc. Breccia 129.2 101.4     42.1  535.3  541.2 4.1 16.8 16.9 0.8 

JMG-13 And.prop.              9 101.5    449.5  447.4  266.7 1.6 15.8  5.6 <0.01 

JMG-14 And.arg., sulph.   15.8 101.1      21.2  117.7  233.6 0.8 11.3  4.8 <0.01 

JMG-15 And.arg., sulph.   13.2 101.3       9.1    19.6    65.1 <0.01        12  4.5 <0.01 

JMG-16 And.arg., sulph.   11.8 101.2         13    12.2    73.9 <0.01 12.4           5 <0.01 

JMG-17 And.arg., sulph.            14 101.4         15.4    27.6  130.3 0.4 19.7 13.9 <0.01 

Minimum 8.1   101 9.1 12.2 61.2 <0.01        11 4.2 <0.01 

Maximum 129.2 103.8 1827.1 535.3 929.9 4.2 27.8 16.9 2.6 

Average*, x̄ 30.6 101.7 254.0 236.9 232.9 1.4 16.2 6.3 2.5 
 

Remarks: Alt = alteration, And = andesite, arg. = argilised, prop. = propylitised, si. = silicified, sulp. = sulphidised, bdl = below detection limit, * = average 

exclude of volcanic breccia. 
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Cu, Pb and Zn have no variation with andesite alteration profiles, but As does, as it is relatively 

higher in argilised and silicified andesite and volcanic breccia than in propylitised andesite. Also, Zn 

appears to be sorbed onto secondary minerals (r=0.98, 0.86, and 0.88, with respect to SiO2, Al2O3 and 

Fe2O3
T) (Table 5) than other trace elements, indicating its high susceptibility to sorption by secondary 

minerals. Ba, Cd, Cr, Ni and Ag made up the relatively less significant, and their concentrations are 

101.0μg/g – 103.8μg/g, below the detection limit to 4.2μg/g, 11.0μg/g to 27.8μg/g, 4.2 μg/g to 16.9μg/g, 

and below the detection limit to 2.6μg/g, respectively. These suggest their concentration in parent rocks 

is lower and could have a minimum impact. 

 

Table 5. The coefficient of correlations, r between SiO2, Fe2O3
T, Al2O3 with trace elements in 

weathered andesite. 

 

Item As Ba Cu Pb Zn Cd Cr Ni 

SiO2 0.43 0.04 -0.35 -0.44 -0.98 -0.03 0.22 -0.58 

Al2O3 -0.16 -0.27 0.31 0.32 0.86 0.13 -0.47 0.38 

Fe2O3
T -0.47 0.28 0.03 0.52 0.88 -0.35 0.12 0.40 

 

Remarks: calculated for samples JMG-01, JMG-04, JMG-07, JMG-08, JMG-11 and JMG-13, where 

secondary minerals appeared in XRD spectrograms. 

 

 

CONCLUSION 

 

Hydrothermal activities appear to influence the geochemical composition of parent rocks and the 

distribution and abundance of various minerals, such as pyrite and silicate minerals. Upon weathering, 

they both generate and consume acid. The significant concentration of sulphides, particularly associated 

with the widespread occurrence of pyrite, indicates a greater potential for acidity generation and, 

consequently, the release of numerous constituents, especially Cu, Pb, Zn and As, which have a 

substantially high concentration in the host rocks. 
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ABSTRACT. Oil palm trunk is one of the promising biomass materials due to the high volume of 

unused waste components and increasing worldwide demand to replace conventional wood. This 

study investigated the feasibility of using ethanol as a drying agent for oil palm trunks with different 

dimensional surfaces (radial, tangential and longitudinal sections). The radial shrinkage percentage 

for the outer layer is 1.50% (untreated) and 1.22 % (treated). In comparison, the inner layer of the 

untreated sample was recorded at 2.54 % shrinkage and the treated sample was at 2.29%. The 

tangential sample for the inner untreated sample shows 2.60% and the treated sample shows 2.40%. 

The same pattern of shrinkage was shown for the tangential section on the outer layer as 1.81% and 

1.10% of the untreated and treated sample respectively. For the longitudinal surface, the inner layer 

section of the untreated sample was recorded at 0.39% compared to the treated sample at 0.25%. In 

comparison, a longitudinal surface section for the outer layer of the untreated sample was recorded 

at 0.38%, while the treated sample was recorded at 0.33% shrinkage percentage. The effect of 

ethanol treatment on the shrinkage is significantly different between different sections (P-value: 

0.01) and between the outer and inner layers (P-value: 0.02). The result suggested that ethanol 

treatment could be an option for the oil palm trunk drying process. Dried oil palm trunks can be 

utilized as a potential substitution for biomass and wood to produce various products. 

 

KEYWORDS. Oil palm trunk (OPT), shrinkage percentage, moisture content, ethanol 

 

 

INTRODUCTION 

 

The Malaysian wood industry is facing challenges in terms of sustaining the growth of the industry 

which is now critical due to a rapidly approaching shortage of raw materials (Ab Latib et al., 2022). 

Alternative sources have been sought after from sustainable biomass to replace natural timber fields.  

(Amira et al., 2020).  Oil palm trunk is one such source that has been widely accepted as it is very  
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economical compared to solid wood. In addition, its performance is also comparable to solid wood 

in terms of stability and resistance to weather albeit with slight modification needed before its use 

(Hashim et al., 2012; Sulaiman et al., 2012).  

 

Oil palm (Elaeis guineensis) of the palm family (Arecaceae) grows in the wildlands of West 

Africa and has been developed into an agricultural crop worldwide. The oil palm was introduced to 

Malaysia in early 1870 as an ornamental plant (Teoh, 2002). It then becomes the largest commercial 

plantation in Malaysia to date. As the largest commercial plantation, oil palm plantation creates 

huge quantities of oil palm trunks, oil palm shells, oil palm fronds, empty fruit brunch, and other 

related biomass (Kaniapan et al., 2021). Out of all oil palm-related biomass, the oil palm trunk is 

considered to be the highest value in terms of potential to be exploited (Abdul et al., 2012; Abdul 

Hamid et al., 2015; Eom et al., 2015). 

 

Oil palm trunk has higher moisture content than other wood, ranging from 120% to over 

500% (Lim & Gan, 2005; Wong et al., 2019). It is difficult to dry the moisture from oil palm trunk 

as it usually takes 7 to 12 days with a recovery rate of only 18.26% while the remaining lumber 

(81.70%) was considered a waste to dry via the industrial kiln dry process (Anis et al., 2016; Rais 

et al., 2021). The total drying time is an important parameter for oil palm trunks as it affects 

dimensioning, reduces degradation, prevents biological staining, and reduces transport costs 

(Murphy et al., 2021). On the other hand, reducing drying time will increase the defect on the wood 

surface such as cracking and twisting (Bakar et al., 1998).  

 

The oil palm trunk drying method using ethanol has enormous potential as it has been used 

in many applications. For instance, ethanol also was used previously as a drying agent in medicinal 

plants (Silva et al., 2018), improving the pulping process from wood (Hochegger et al., 2019), and 

also for the precipitation of lignin (Hamzah et al., 2020). The advantages of ethanol are that it is a 

relatively cheap solvent, has complete miscibility with water, has a hardening effect, has a powerful 

dehydration capacity, and has a penetrability (Lai & Lü, 2012). Therefore, in this study, shrinkage 

of oil palm trunk using ethanol has been studied to explore the potential of ethanol as a treatment 

method for the drying process of the oil palm trunk.  

 

 

MATERIALS AND METHODS 

 

Oil palm trunk collection and preparation 
 

A 25-year-old oil palm tree has been harvested from an oil palm plantation in UiTM Jengka, Pahang, 

Malaysia. Before the logging process, the tree height and diameter at breast height (DBH) were 

checked and recorded to ensure that the oil palm trunk was at a suitable size for the sampling (Migolet 

et al., 2020; Tan et al., 2014). A chainsaw (Husqvarna 372XP) was used in felling the oil palm tree. 

The top and the bottom part were removed, leaving approximately ~3 m of the oil palm trunk section, 

and subsequently, it was then cut into a disc shape. The disks were tagged with the outer and inner 

layer parts (Figure 1) by estimating 70% distance of the disc from the center of its inner layer while 

the remaining 30% was considered as the outer layer (Hashim et al., 2012). Disc shape oil palm trunk 

was then cut into cube sizes of 2 cm X 2 cm X 6 cm with sectional segregation of tangential, radial, 

and longitudinal parts. All samples were run in biological triplicates. 
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Effect of Ethanol Treatment on Shrinkage of Oil Palm Trunk for The Drying Process  

 

 
 

Figure 1. Disc cutting design of oil palm trunk. The inner layer was marked as 70% distance 

from its core and the remaining 30% distance was designated as an outer layer. 
 

Ethanol-treated oil palm trunk samples 

 

Oil palm trunk samples cut into cube sizes were then measured using a veneer caliper (Mitutoyo) 

before soaking with ethanol for calculation afterward. Ethanol (Supelco®) with 85% concentration 

was used for the soaking treatment process. Samples were soaked fully submerged in a closed 

container to prevent the early evaporation of ethanol for 24 hours (Figure 2). Next, the samples were 

dried using a drying oven (Memmert) with a constant temperature of 103+2 °C. The moisture content 

of each sample was determined by weighing the sample using an analytical balance (Shimadzu) 

before and after drying treatment until it came to a constant weight.  
 

 
Figure 2. The soaking treatment process of cube-sized oil palm trunk (OPT) with ethanol. 

The samples were kept in a closed container at room temperature for 24 hours before drying. 
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Moisture and shrinkage calculation for the ethanol treatment process 

 

Moisture Content (MC) from cube-sized oil palm trunk (OPT) soaked with ethanol was calculated 

following the equation as per British Standard Methods for testing small clear specimens of timber 

(BS373:1957).  

 

 Moisture content (MC) %  =  
𝑎𝑖𝑟 𝑑𝑟𝑖𝑒𝑑−𝑜𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑

𝑜𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑
 × 100%                

 

 

Shrinkage of the cube-sized oil palm trunk (OPT) soaked with ethanol samples was also 

calculated following the equation as per British Standard Methods for testing small clear specimens 

of timber (BS373:1957) and the mean was recorded.  

 

Radial section shrinkage (%)   =    
𝑤𝑖𝑑𝑡ℎ 𝑔𝑟𝑒𝑒𝑛−𝑤𝑖𝑑𝑡ℎ 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦

𝑤𝑖𝑑𝑡ℎ 𝑔𝑟𝑒𝑒𝑛
 × 100% 

Tangential section shrinkage (%)  =  
𝑤𝑖𝑑𝑡ℎ 𝑔𝑟𝑒𝑒𝑛−𝑤𝑖𝑑𝑡ℎ 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦

𝑤𝑖𝑑𝑡ℎ 𝑔𝑟𝑒𝑒𝑛
 × 100% 

Longitudinal section shrinkage (%)  =  
𝑤𝑖𝑑𝑡ℎ 𝑔𝑟𝑒𝑒𝑛−𝑤𝑖𝑑𝑡ℎ 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦

𝑤𝑖𝑑𝑡ℎ 𝑔𝑟𝑒𝑒𝑛
 × 100% 

 

 

Statistical Analysis 

 

Analysis of variance (ANOVA) of two factors without replication was carried out to assess statistical 

differences between radial, tangential, and longitudinal sections. 

 

 

RESULTS AND DISCUSSION 

 

The moisture content of different layers of oil palm trunk 

 

Moisture content (median) of the prepared oil palm trunk (OPT) samples treated and untreated 

for both inner and outer layers is shown in Figure 3. The median moisture content of the untreated 

sample is 375% for the outer layer and 578% for the inner layer (Figure 3). The median moisture 

content for treated samples was 385% for the outer layer 585% for the inner layer and (Figure 

3).  Differences in moisture content between the inner layer and outer layer of oil palm trunk 

samples are due to the presence of parenchyma cells in the core layer higher compared to the 

outer layer. As a result, this affects the moisture content because parenchyma cell tends to absorb 

moisture (Mhd Ramle et al., 2012). 
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Figure 3. The median moisture content of untreated and treated samples of oil palm 

trunk (OPT) for both the inner layer (IL) and outer layer (OL). 

 

Shrinkage of different sections of oil palm trunk 

 

The radial layer section in the oil palm trunk is characterized by the vertical plane from the pith 

at the center of the tree heading out towards the bark, while the tangential section is made 

perpendicular to the rays and tangential to the annual rings and face of the oil palm trunk (Rosli 

et al., 2021). On the other hand, the longitudinal section is a cut along the long axis of a structure. 

 

Overall, the use of ethanol decreased the percentage of shrinkage significantly on radial, 

tangential and longitudinal surfaces (p-value: 0.01). On the radial surface section, the outer layer 

showed 1.50% shrinkage for an untreated sample and 1.22 % for the treated sample. In 

comparison, the inner layer of the untreated sample was recorded at 2.54 % shrinkage and the 

treated sample was at 2.29% (Table 1). The tangential sample for the inner untreated sample 

shows 2.60% and the treated sample shows 2.40% (Table 1). The same pattern of shrinkage was 

shown for the tangential section on the outer layer was 1.81% and 1.10% of untreated and treated 

samples respectively (Table 1). For the longitudinal surface, the inner layer section of the 

untreated sample was recorded at 0.38% compared to the treated sample at 0.33% (Table 1). In 

comparison, a longitudinal surface section for the outer layer of the untreated sample was 

recorded at 0.39% while the treated sample was recorded at 0.25% shrinkage percentage. 
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Table 1. Shrinkage percentage (mean) of a treated and untreated sample of radial, 

tangential and longitudinal layers. 

 

 
 

From the data collected in this study, it is apparent that the shrinkage percentage of the inner 

layer of tangential, radial, and longitudinal sections is significantly higher compared to the outer 

layer (P-value: 0.02). The inner layer has parenchyma cells and more moisture than the outer 

layer and consequently could cause the sample to shrink faster compared to the outer layer (Mhd 

Ramle, 2021; Mhd Ramle et al., 2012). It has been presented that the feature of the vascular 

bundle is dense, fibrous, and at least hygroscopic while the parenchyma feature is soft, spongy, 

and highly hygroscopic (Abdul Hamid et al., 2015; Erwinsyah et al., 2007). 

 

In this study, it was shown that ethanol could contribute significantly to the overall drying 

process of the oil palm trunk, especially for shrinkage. This improvement in drying properties 

was recorded despite the short time of exposure (24 hours), hence future studies should include 

different soaking times in ethanol. This was also the case for other plant-based materials such as 

coumarin leaves (Silva et al., 2018), pineapple (de Freitas et al., 2021), and melon (da Cunha et 

al., 2020). However, another important function of ethanol in the drying process is to improve 

attributes of the dried material such as rehydration capacity and shrinkage (Funebo et al., 2002), 

color (Pang, 2006) aroma retention (Corrêa et al., 2012) and vitamin C retention ((Santos & Silva, 

2009). In general, ethanol made the sample stable quickly and prevented the sample from 

overdrying and damaging its physical properties (de Freitas et al., 2021; Funebo et al., 2002). 

This improvement of plant material by ethanol is an attractive prospect for the oil palm trunk 

drying process in which the material is being protected before conversion to end-products such 

as chipboard, composite panels, and plywood. 

 

 

CONCLUSION  

 

In this study, it can be concluded that between three-surface directions (tangential, radial, and 

longitudinal), the tangential section has the most shrinkage, followed by radial and longitudinal. It 

is also clear in this study that the inner layer of the oil palm trunk is easily shrunk after ethanol 

treatment in comparison to the outer layer. This is due to the presence of parenchyma cells in a core 

layer that easily absorbs and releases water in comparison to the presence of a vascular bundle in the 

outer layer that reduces the rate of shrinkage. The shrinkage between untreated and treated samples 

shows that the treated sample has higher shrinkage percentage compared to the untreated sample (P-

value: 0.01). The shrinkage percentage of the inner layer of tangential, radial, and longitudinal 

sections is significantly higher compared to the outer layer (P-value: 0.02). The shrinkage was 

recorded despite the short exposure of samples to ethanol (24 hours) and related to the drying time. 

However, another important property of ethanol is to prevent over-drying of the oil palm trunk. From 

this study, it can be summarised that ethanol could be the solution for dimensional stability of oil 

palm drying.  

Untreated Treated Untreated Treated Untreated Treated

Outer Layer 1.50 1.22 1.81 1.10 0.39 0.25

Inner Layer 2.54 2.29 2.60 2.40 0.38 0.33

Radial Tangential Longitudinal
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ABSTRACT. The recent agricultural and industrial waste reduction research has focused on 

monetary, sustainable environment, and technological considerations. Discarded raw materials such 

as rice husk ash, fly ash, coir fiber and silica fumes were widely explored and successfully utilized as 

blending elements for cement.  Current studies have proved that Sugarcane Bagasse Ash (SCBA) 

produced from sugar production has a pozzolanic reaction due to the high substance of amorphous 

silica in this raw material. This research would boost the insight of potential blending agents that can 

reduce the cost and stabilize problematic soil. This study intends to evaluate the effect of SCBA 

blended cement on improved soil's mechanical properties, including the shear strength and the 

compressibility of the treated soil. Unconfined Compressive Strength test was conducted to attain the 

compressive behavior, while the One-Dimensional test was performed to examine the compressibility 

behavior. The tested samples with SCBA show a beneficial effect in terms of both compressive strength 

and compressibility.  This study proved that SCBA could be applied at least as a partial substitute to 

the Portland cement. 

 

KEYWORDS. Sugarcane bagasse ash, pozzolanic reaction, compressive strength, compressibility 

 

 INTRODUCTION  

 

Soft soil is usually categorized as soil with poor shear strength and highly compressible and low 

permeability [1]. Generally, construction challenges in this type of soil are unsatisfactory bearing 

capacity, extreme post-construction settlement and uncertainty in excavation and embankment 

construction [2,3]. To enhance the strength and engineering properties of the problematic soil, 

numerous stabilization techniques with the addition of materials such as sugarcane bagasse ash [4,5], 

rice husk ash [6,7], cement [8,9], fly ash [10,11], and other additives [12,13] are often used. 

 Lime and cement are the most common stabilizers used to improve soil properties. However, 

these manufactured stabilizers are cost-consuming and not environmentally friendly. WBCSD [14] 

reported cement contributed roughly 5%-8% of global Carbon Dioxide production and is projected to 

rise to 1.2% every year till it reaches 4.4 billion tons around 2050.  

https://doi.org/10.51200/bsj.v44i1.4355
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With the escalating request from the whole world for more sugar and ethanol-producing in 

recent eras, undesirable waste has significantly risen. However, the waste can be used as fuel to stoke 

boilers that generate steam for electricity production. This incinerating process's finishing product is 

sugarcane bagasse ash (SCBA). Bagasse is a discarded product from sugar factories after the process 

of extraction of liquid from sugarcane. SCBA is a pozzolan material that contains a high amount of 

siliceous and aluminous material [15]. According to Frías et al. [15] pozzolan may possess a bit or no 

cementitious amount. But with the existence of water, it will react chemically along with calcium 

hydroxide at a typical temperature to produce composites having cementitious properties.  

Besides that, the previous research demonstrated the silica content amount in the SCBA is 

higher than in other additives [16,17]. Therefore, the SCBA has a vast potential alternative to be used 

as a partial cement substitute compared to other waste materials. Numerous types of research have 

been performed by using SCBA as partial or total substitution of Portland cement as inert material in 

compacted soil blocks [18], road constructions [19], soft soil improvement [20,21] and others [22,23]. 

Abbasi and Zargar [24] reported that workability, mechanical strength, and concrete durability 

are improved by replacing cement with SCBA. According to Kantinaris [25] SCBA can be used in 

commercial cement and composite manufacturing. Saini et al. [26] and Kharade et al. [27] 

investigated the utilization of SCBA in stabilizing expansive soil. Their studies indicated that the 

compressive strength of soft soil improves slowly with the rise of the percentage of SCBA up to 5% 

and 6% without any extra chemical or cementing substance. However, an additional percentage of 

SCBA can initiate a decrease in UCS value. These actions are credited to the accessibility of an 

unsatisfactory volume of water necessary for pozzolanic reactions at elevated bagasse ash quantities.  

One of the essential relationships observed in the soil stabilization of problematic soil samples 

is the variation of Maximum Dry Density and Optimum Moisture Content. In addition, stabilized peat 

by the utilization of SCBA to substitute cement in this soil has been investigated by several 

researchers. The findings indicated that the mechanical properties in the modification improved peat 

by applying SCBA were noticeably increased [27]. 

An increase in Optimum Moisture Content (OMC) and a decrease in Maximum Dry Density 

(MDD) values have been reported by [21,28,29] when SBCA was used as an additive. The rise in 

OMC was ascribed to the addition of water content during the hydration process, while the decrease in 

MDD value was credited to the lightweight SCBA in contrast with the soft soil used. The statement 

demonstrates that SCBA can be utilized as a soil enhancement means to reduce the settlement 

behaviour of strengthened soil. 

Abu Talib et al. [3] and Kamaruidzaman et al. [20] reported in their study regarding a 

substantial lessening of the void ratio for ideal peat-cement-SCBA mixtures as contrasted to natural 

peat. The finding shows that the stabilized peat of secondary compression index/ compression index 

ratios (Cα/Cc) declined radically compared to untreated peat. This condition indicated that the 

stabilized soil mixture effectively decreased the secondary compression. 

This article represents the findings of a thorough study on the mechanical properties of 

stabilized local soft soil in Pulau Pinang featuring Sugarcane Bagasse Ash (SCBA) and cement, which 

include the shear strength properties and the compressibility of the treated soil. The Unconfined  
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compressive Strength Test was performed to attain the compressive behaviour, while the One-

Dimensional Test examined the compressibility behaviour. The subsequent sections represent the 

experimental process, the findings of numerous tests performed on stabilized modification soils and 

finally followed by the conclusions. 

 

METHODOLOGY 

 

The problematic soil utilized in this experiment was obtained from the construction site located at 

Bukit Tengah, Pulau Pinang. The disturbed soil sample was collected at a depth of 2.0 m to avoid the 

inclusion of organic material. The soil is greyish-black in colour. The Cone Penetrometer Test was 

performed to classify the soils by following the British Standard 1337 Part 2.  

Table 1 shows the physical properties of natural soil. The natural soil was classified as SILT of 

Intermediate Plasticity (MI) according to the USCS classification system. The natural Moisture 

Content and Dry Densities were 24% and 1.553 g/cm3, correspondingly. A Standard Proctor Test was 

performed on untreated soil to obtain the compaction characteristics of MDD and OMC. The test was 

performed according to British Standard 1337 Part 4. The Unconfined Compressive Strength (UCS) 

value obtained from the soil was 18.7 kN/m2, categorized as very soft and problematic soil. 

 

Table 1. Physical and mechanical properties of natural soil 

 

The sugarcane's scientific name is "Saccharum Officinarum" which is typically used for 

making raw sugar. Figure 1 shows the location of the sugar cane fields. The efficacy of a pozzolan is 

primarily associated with its silica substance and the crystallinity of silica. Amorphous or partially 

crystalline silica is essential for developing pozzolanic reactions together with calcium hydroxide.  

The burning requirements, such as the optimum temperature and the appropriate burning time, 

were monitored to produce high-quality SCBA. Besides that, a proper kiln or furnace was used to burn 

sugarcane bagasse. According to the earlier research, burning the bagasse in a furnace with a high-

level temperature between 500 °C to 800 °C will generate good quality amorphous silica. However, 

the crystallinity in SCBA after the temperature of burning activities greater than 800 °C will produce  

 

 

Soil Characteristic Value & Description 

Moisture Content, MC (%) 

Percentage of fines soil (%) 

Optimum Moisture Content, OMC (%) 

Maximum Dry Density, MDD (g/cm3) 

Unconfined Compressive Strength, UCS (kN/m2) 

Specific Gravity (Gs) 

Liquid Limit, wL (%) 

Plastic Limit, wP (%) 

Plasticity Index, IP (%) 

Soil Classification 

24 

                           1.5 

48.5 

1.553 

18.7 

2.55 

42.24 

26.63 

15.61 

SILT of Intermediate Plasticity (MI) 
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poorer pozzolanic properties [30,31]. In this research, the baggage ash was obtained from burning 

sugarcane baggage in a furnace of 800oC. 

Particle breaking of SCBA is an essential procedure to monitor the particle size of the material 

as it will modify the crystalline compounds and pozzolanic activities. The most appropriate size of 

SCBA to be adopted in this study is equivalent to the size of cement used, which is 2µm. The 

percentage SCBA used is 3%, 6%, and 9% for each blended sample. These percentages of SCBA are 

selected based on previous studies [5,27]. 

 

Figure 1. The location of the sugarcane fields 

OPC Type I has been used in this research because it was suitable for various general purposes 

in construction and had an outstanding binding property that provides better strength to any structural 

or infrastructural components. Table 2 represents the chemical properties of soil, OPC, and SCBA. 

The higher value of silica and oxygen elements in SCBA shows good potential to serve as good 

pozzolanic material. Two samples of untreated soil and cement-treated soil mixed with SCBA were 

tested for three main properties: physical, mechanical, and chemical. The percentages of cement used 

were 3%, 5%, and 10%. 

Table 2. Chemical properties of soil, OPC and SCBA 
 

 

Element Soil (%) OPC (%) SCBA (%)   

Carbon, C 

Oxygen, O 

Magnesium, Mg 

Aluminum, Al 

Silica, Si 

Iron, Fe 

21.181 6.851 5.496   

52.783 41.018 38.029   

0.352 0.451 0.451   

8.251 

13.235 

2.100 

1.077 

5.459 

1.371 

0.358 

11.567 

0.520 
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A sequence of laboratory experiments was performed on untreated and treated soil to accomplish this 

study's objectives, including the Unconfined Compressive Test (UCT) and One-Dimensional 

Consolidation (Oedometer) test. The tests had been conducted for soils with and without SCBA. To 

prepare the remolded sample, the soil was weighed and added with specific percentages of cement 

(3%, 5%, and 10%) and SCBA (3%, 6%, and 9 %) inside the plastic bag in the dry form. 

 For the UCT test, the sample was tested on three curing days: days 0, 3, and 7. Later, water was 

combined into the mixture and was carefully mixed until a consistent color was observed. The water 

added refers to the value of natural moisture content. Table 3 demonstrates the design mix of the 

samples to be tested on the mechanical properties and chemical properties. 

Table 3. Design mix of the samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sample's design mix is prepared using data in Table 3. The blended soil samples were 

compressed in a cylindrical mold with a diameter of 38 mm and a height of 76 mm until the desired 

density and moisture content of 1.553 g/cm3 and 24% were achieved. Then the compacted soil was 

extruded, wrapped with clear plastic, and stored in a desiccator for curing processes. After that, the 

UCS tests were performed in the laboratory as per British Standard 1337 Part 7 on each sample to 

obtain the strength for different percentages of cement, SCBA, and curing period, respectively. 

The estimation of the rate amount of consolidation settlements is crucial for any structure built on a 

compressible soil layer. Hence, the One-Dimensional Consolidation test (according to British Standard 

1377 Part 5) was conducted to determine the effect of SCBA (3%, 6%, 9%, and 12%) based on the dry 

density of soil as an additive on the consolidation settlement parameter of cement-treated soil. This 

study tested soil samples with 3%, 5% and 10% cement.  

The ash-cement-soil mixture was compacted in a cylindrical mold until the required density of 

1.553 g/cm3 was attained. Then, the ring with a diameter of 50 mm and a height of 20 mm was pressed 

into the soil. The top and bottom of the ring were trimmed using a palette knife so that the ring's top 

and bottom were clean. The soil samples were submerged in the water for 24 hours before the test was 

conducted. 
 

Curing Day OPC (%) SCBA (%) 

0 3 0 

3  3 

7 
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RESULT AND DISCUSSION 

 

Effect of SCBA on UCS 

The UCT tests were conducted 2 hours after the sample was prepared. The experimental results of the 

strength of the treated soils with different proportions of cement (3%, 5%, and 10%) and SCBA are 

shown in graphs Figure 2 to Figure 4. Based on the findings, the shear strength of the treated soil 

improved as the percentages of SCBA increased.  

The SCBA contains a high-level quantity of silica and acts as a fine pozzolan. This indicates 

that adding SCBA can enhance the compressive strength of the soil samples. It can hydrate when there 

is liquid and react with the remaining calcium hydroxide of cement to produce pozzolanic compounds, 

hence further enhancing the soil strength [32]. The result justifies that the SCBA containing a high 

amount of silica is suitable for blending components for cement. 

 

Figure 2. Effect of SCBA on UCS (3% Cement) 

 

 

 

Figure 3. Effect of SCBA on UCS (5% Cement) 
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Figure 4. Effect of SCBA on UCS (10% Cement) 

For each percentage of cement, the samples with the highest UCS values were those with the 

addition of 9% SCBA. This finding is supported by a previous study that the UCS value of the treated 

soil is more significant when the percentage of the ash is higher but up to optimal limit replacement 

for SCBA [29,33]. The results of a 5% cement mix with 9% SCBA are higher than 10% cement alone, 

indicating that the SCBA can be employed as a partial substitution for cement. However, in this study, 

the optimum limit of the SCBA is unknown. 

Effect of Cement on UCS 

The successful soil stabilization using pozzolanic material is only accomplished by mixing the 

waste material with the Portland cement. The OPC will activate the chemical reaction with the help of 

water. Then, the blended material becomes hardened and durable as the cement hydrates and 

strengthens. Figure 5 shows the effect of cement on Unconfined Compressive Strength. 

 
 

 

Figure 5. Effect of cement on UCS 
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In this experiment, the cement utilized as an additional additive with SCBA to enhance the soil 

properties were 3%, 5%, and 10%. The graph shows, once 3% of the cement added to the mix of 

different percentages of SCBA (0%, 3%, 6%, and 9%), the strength improved to 7%, 40.3%, 62.4%, 

and 91.9% respectively. The test then proceeds to the new samples with the addition of 5% of cement. 

The result indicates that the strength value of stabilized soil increased to 140.3%, 231.25%, 218.82%, 

and 275.3%, correspondingly. These strength increments were demonstrated to be three times greater 

than untreated soil.  

When a similar test is repeated to 10% of cement, the strength of treated soil increases 

tremendously by 153%, 240.9%, 281.7%, and 464%, correspondingly. The result demonstrates that 

when the percentage of cement increases, the compressive strength increases likewise. The outcomes 

indicate the amount of cement added influences the soil strength. The more adhesive added, the higher 

strength of the mixture. 

The result above was in line with Xiao & Lee [8] study where when the cement, additive, 

water, and soil combine, primary hydration will occur. Then, the secondary pozzolanic reaction will 

take over when the pore chemistry in the soil structure attains an alkaline form. This process is due to 

early strength improvement due to developing earlier cementitious products and drying up the soil-

cement mix. 

Effect of Curing Time on UCS 

Unconfined Compressive Strength (UCS) values blended Cement-SCBA-Soil sample for 3% 

SCBA and different percentages of cement (3%, 5%, and 10%) were evaluated by examining the 

effect of curing time as illustrated in Figure 6. The blended Cement-SCBA-Soil sample was cured for 

3 and 7 days. The curing sample was compared with an immediately blended soil sample from 0-Day 

curing time to see the results of the curing period on the soil samples. The UCS values for 0-Day 

curing were 26.1, 61.6, and 63.4 kN/m2. When the sample was cured for 3-Days, the UCS increased to 

52.8, 66.3, and 89 kN/m2. Later, when the samples were cured for 7-Days, the UCS value also rose to 

70.3, 83.3, and 161.9 kN/m2 correspondingly. This situation signifies the effect of continuing the 

hydration process over time. 

 
Figure 6. Effect of Curing on UCS of 3% SCBA 
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Figures 7 and 8 show the effect of curing time on UCS blended Cement-SCBA-Soil samples 

for 6% and 9% of SCBA and different percentages of cement (3%, 5%, and 10%). Similar to the 

previous SCBA 3% sample result, the UCS values significantly improved when the curing time was 

extended from 3 to 7 days.  The result demonstrates drastic escalations of the UCS amount for cement 

by 10% with 7-Days curing. Testing results indicated that the additions of 3 and 7 days of curing time 

for the cement-SCBA-soil sample improved the structure of the admixtures leading to an elevated 

amount of strength compared to 0-Day curing. 

 
Figure 7. Effect of Curing on UCS of 6% SCBA 

 

 
Figure 8. Effect of Curing on UCS of 9% SCBA 

 

For the sample with the lowest percent of OPC and SCBA, the strength increases from 19.9 kN/m2 on 

Day 0 to 52.4 kN/m2 on Day 7. The increase of the UCS is about 1.6 times from Day 0 to Day 7. 

Comparable to samples with the highest percent of OPC and SCBA, the strength improves drastically  
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from 104.9 kN/m2 on Day 0 to 208.9 kN/m2 on Day 7. The result shows an increment of about 100% 

before curing and after 7-Days of curing. The hydration and pozzolanic processes of soil, cement, and 

SCBA occur from time to time. The enhancement of strength increases as the hydration and 

cementation reaction increases with the curing time [34,35]. 

The result illustrates the strength of the soil improved as the curing period increased due to the 

reaction between soil, cement, and SCBA. The pozzolanic behaviour was maximized between 3 and 7 

days of curing. This condition explains by Abu Talib et al. [3] that the extreme escalation in the UCS 

earlier seven days of curing was primarily anticipated to the hydration reaction of the cement, the 

mixture of the filling effect of both silica plus SCBA, and as well as pozzolanic reaction. 

 

Effect of SCBA on Consolidation Characteristic 

Typically, soil subjected to vertical stresses will cause volume change through the rearrangement of 

soil grains. The total volume change is associated with the difference in the quantity of water in the 

soil. Water dissipated from the soil voids contributes to the deformation or settlement. This process 

takes time and varies with the permeability of the soil. The permeability is affected by particle 

distribution of the soil as the finer the soil particle, the lower the permeability [36].  

The One-Dimensional Consolidation test was performed to obtain the consolidation characteristics 

of the soil. Figure 9 and Figure 10 present the relationship between stress (σ) applied and the 

coefficient of volume compressibility (mv) of 3% and 5% of OPC, respectively. The results depicted 

that the untreated soil has the highest volume of compressibility compared to the treated soil. The 

cement-treated soil with SCBA shows significant improvement in reducing the compressibility of the 

soil. The existence of OPC and SCBA has proven to uphold the soil particles simultaneously and 

strengthen the saturated soil. 

 

 

Figure 9. Change of mv with stress for 3% OPC 
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The One- The test findings reveal that the soils with 3% SCBA for 3% and 5% OPC had the 

lowest volume of compressibility at the early loading stages. Meanwhile, at the subsequent loading 

stage, soil with 12% of SCBA has the lowest volume of compressibility for both 3% and 5% OPC. 

However, this is not obvious as other SCBA contents have a relatively small difference in the mv 

value. 

 

Figure 10. Change of mv with stress for 5% OPC 

In summary, the improvement of the soil strength is attributed to the inclusion of fine particles 

of SCBA in the soil mixture. Where the chemical reacts among the stabilizer and the soil, this process 

will enhance the sample's durability and mechanical properties. The SCBA was pozzolanic material 

with a high amount of silica which is suitable for partial blending components for cement. This partial 

replacement will reduce the problem of waste disposal (SCBA), environmental pollution from the 

emission of CO2 (cement), and water pollution. 

The result from the study shows that the addition of SCBA enhanced the structure of the blend 

materials and prominent to a more excellent value of strength. The primary hydration happens after the 

cement and water react to gain initial strength due to the composition of cementitious products. The 

process continues with secondary hydration, where the pozzolanic reaction fills pores in the soil 

system with fine particles from SCBA.  

The statement was supported by the result in this study, where when the amount of cement used 

was the same, and the percentage of SCBA increased, the strength likewise kept on escalating. This 

condition occurs because of the pozzolanic result and decreasing capillary openings. Thus, from the 

justification, the amount of cement could be reduced and replaced by partial SCBA to get better results 

than the cement alone. Besides that, it is worth noticing that the blended Cement-SCBA-Soil sample 

mixtures achieved compressive strength superior to initial untreated soil, mainly when the 10% cement 

and 9% of SCBA with seven days curing time are used.  

Furthermore, the volume of compressibility of Cement-SCBA-Soil reduced compared to the 

natural untreated soil. The result indicated that using SCBA as partial cement reinforcement enhances  
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the stiffness of the soil matrix and can be used to overcome difficulties in construction such as 

excessive settlement and lead structural damage to the building frame or loss of functionality. 

Therefore, the blend of SCBA and cement as a partial substitute for cementing the stabilization of 

problematic soil appears to be a favorable option after pondering economic, energy utilization, 

pollution, and sustainability concerns. 

 

CONCLUSION 

 

The utilization of waste materials due to industrial and agricultural activities has become a great 

concern to the developing country. These unwelcome wastes have affected the atmosphere because of 

the challenge of management and disposal. In this research, the effect of SCBA has been studied on 

Compressive Strength and Soil Compressibility. The higher the percentages of SCBA used, the better 

the soil compressive strength. Furthermore, the strength value of the stabilized soil improved as the 

curing period increased. Additionally, the compressibility of cement-treated soil was reduced with the 

addition of SCBA. Adding 3% of SCBA to the cement-treated soil seems to be the optimum value, at 

least at a small loading stage. Using SCBA as a partial substitute for OPC gives positive results in 

stabilizing the soil. However, no optimum amount of SCBA was found in the study. Therefore, future 

studies may consider higher content of SCBA, which is larger than the maximum amount used in this 

study. In conclusion, SCBA could be used as an alternative additive to improve soil behaviour in 

strength and compressibility with or without cement. Consequently, applying bagasse ash waste in the 

ground improvement has excellent potential for the future to solve specific waste disposal problems. 
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