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PREFACE 
 
 

This book is the first edition that presents the Multidisciplinary 
Engineering Science and Advanced Technology from a vast and diverse 
class of the engineering science and research divisions area. This book 
covers the current research outcomes in the exciting various field of 
construction technology, geotechnical technology, sustainable material 
technology, production planning, and safety management.  The focus of 
this book is to provide a few case studies, real on-site problems, and 
experimental research related to current development, valuable 
information, and intervention ideas on improving the research finding in 
multidisciplinary engineering technology. This book is published to 
expose the readers and students to the ongoing research project activities 
conducted by the researcher. Hopefully, the information in this book 
may give a new contribution to multidisciplinary engineering technology. 
The main contributors are from the Faculty Engineering Technology, 
UTHM. We thank all our collaborators for their tremendous assistance 
in making this book possible. 
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CHAPTER 1 

CORRELATING PERMEABILITY WITH DRAINAGE LAYER 
THICKNESS OVERLYING DREDGED MARINE CLAY IN 

CONSOLIDATION 

Siti Farhanah S.M Johan1, Chan Chee Ming2 

1,2Department of Civil Technology Engineering,  
Universiti Tun Hussein Onn Malaysia (Pagoh Campus), Hab Pendidikan Tinggi Pagoh, KM 1, 

Jalan Panchor, 84600 Panchor Johor 

ABSTRACT 

Dredged marine clay (DMC) known to have low permeability as fine-grained soils. The reuse of 
DMC as construction material could be a sustainable approach. Therefore, this research aims to 
correlating the permeability with granular drainage layer thickness by overlaying DMC. Except 
sand, recycled granular materials (recycled pavement materials and palm oil clinker) used as 
drainage layer. Laboratory testing was performed to determine the engineering properties of all 
materials and large oedometer test for the consolidation. DMC are categorised as CH soils, while 
sand and palm oil clinker can be considered as well-graded except for recycled pavement 
materials as poor-graded gravel. The k-value of Lsc (control) placed at the bottom compared the 
others specimen with drainage layer due to its low permeability properties with the kave of 7.31 x 
10-9 m/s. The thickness of granular materials at 100% had positioned on top of 50%. In conclusion,
by increasing the thickness of drainage layer, the dissipation of water also increases and speed
up the consolidation of DMC. Therefore, it can conclude that recycled granular by-products can
be reuse as backfill materials for land reclaimed.

Keywords: Dredged marine clay, large oedometer test, granular drainage layer, thickness, 
permeability 

1.0 INTRODUCTION 

A large volume of dredged sediments are extracted from bottom of sea to maintain the 
vessels for shipping industries, tourism and fisheries activity every year. For an example, Kuala 
Perlis alone create 0.93 million m3 in 2016 [1] and if accumulated with other port s and harbours 
in Malaysia, there will be almost 5 million m3 are produced every year. The number of ports and 
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the frequencies of vessels influence into the rapid sedimentation of dredged marine clay (DMC). 
Expected for DMC to have poor engineering properties and known as geo-waste material. DMC 
rarely to reused and frequently disposed back into the open waters at designated site. Recently, 
many researcher introduced the promising results to reuse DMC for the construction applications 
or as a product. Other than DMC, recycled pavement materials (RPM) and palm oil clinker (POC) 
were used to act as drainage layer. POC and RPM, which eventually reduced the landfills space 
and negative impact to the environment. About 5% of POC were extracted from 70% of raw 
material of palm oil [2]. POC can be founded in open land that can lead to serious pollution in the 
environment. RPM also generates 75.8 million tonnes during the maintenance work and 
sometimes left at the roadside after the maintenance work [3]. Using recycled materials in 
construction applications will reduce the negative impact of the environment. It also provides an 
alternative to reduce the usage of natural aggregates, which is one of the key issues in the 
construction industry [4]. 

Hydraulic conductivity or permeability refers to the flow of water through voids within the 
soil. Soil can be permeable when there have large voids within the soil, such as for gravels and 
sand, while fine soils such as clay have smaller voids resulting in lower permeability. Thus, the 
properties and characteristics of soil influence the rate of consolidation. For example, when soft 
clay is subjected to incremental stress, it causes water to disperse from the soil slowly. This is 
because of the low permeability of clay soils [5]. Drainage is the major consideration in all civil 
engineering works such as roadways, backfills of embankment stability of dams and erosion. 
Various configurations of drainage and loading conditions can be stimulated in the consolidation 
analysis. For single drainage, the soil sample rests on an impermeable base with an upward 
direction for the drainage path. The rate of water drainage from the soil layer can be measure 
from the permeability parameter and depends on the path of water flow [6]. The permeability value 
could be varied if considered the area of dredging locations and dumping sites. Besides, soils 
have the presence of sand and silt-lenses or peat soil, which usually came from annual growth 
vegetation. Thus, the permeability in average likely higher in the horizontal direction compared to 
the vertical direction. As a result, the backfill is expected to be heterogeneous and anisotropic in 
terms of permeability [7]. In this study, the horizontal permeability was assumed as an infinity due 
to water flowed perpendicular to gravity. In the context of field application such as land 
reclamation, with the aid of preloading, vertical permeability can be measured as well as in the 
laboratory.  

2.0  MATERIALS AND METHOD 

DMC were retrieved from Kuala Perlis in conjunction with local authorities and dredging 
company to excavate the DMC from seabed at a depth of 6 m using backhoe dredger. POC is 
produced from the incineration process of oil palm shells and fibres. This waste product is 
collected from inside the boiler at palm oil factory in Kluang, Johor. The RPM was collected from 
roadways at Melaka, during the refurbishment work. RPM is a processed material containing 
aggregates coated with bitumen binder generated when a bituminous pavement is removed for 
construction or resurfacing up to about 100 mm depth until reached base course layer. Therefore, 
it was natural to have a mixture between aggregates and bitumen during the maintenance works. 
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DMC sample was first remoulded by putting the soil in the bowl of a conventional kitchen 
mixer and maintaining mixing for at least 10 minutes to ensure the soil was uniformly remoulded. 
The mixer was initially run at low speed to avoid spilling the sample, followed by a higher speed 
for 1 minute. Then a plastic spatula was used to gather the mixture into a lump. The inside and 
outer parts of oedometer ring with dimension of (100 mm x 140 mm) were lubricated with a thin 
smear of petroleum jelly (Vaseline). A sample of DMC has filled inside the cell mould accordingly. 
Each batch of the DMC layer was compacted by hand carefully using the tamping rod thoroughly 
for equal distribution and to remove any air voids in the specimen. After placing the material, the 
end of the specimen was trimmed flat by using a palate knife. All the configurations except control 
specimens, had a layer of non-woven geotextile inserted as a separator between the granular 
materials and DMC. The layer of granular materials were poured on top following the schematic 
illustrations as shown in Figure 1 (50 % and 100% granular layer).  

 

 

 

 

 

 

 

(a)                                              (b)                                               (c) 

Figure 1: Schematic illustrations of drainage layer thickness of DMS; (a) Control; (b) 50% 
granular layer; (c) 100% granular layer 

3.0  RESULTS AND DISCUSSIONS 

Characterisation of DMC, sand, RPM and POC are based on British Standard 1377 [8] and 
standard operation procedures of instrument. Correlations between drainage layer thickness and 
permeability are discussed.  

3.1 Charaterisations of Materials 

Table 1 shows the properties for all materials. Based on BS 1377, wet sieving and 
hydrometer were adopted for DMC sample because passing 63μm sieve more than 10%. DMC 
sample classified as CH soils, where consists of 61% of clay, 38% of silt and 1% of sand. 
According to the Atterberg limit tests, the liquid and plastic limits were 73.8% and 41.6% 
respectively. Based on the results obtained, the water content (wc) was 218% with 2.96LL.The 
specific gravity of the soil sample was 2.57, which was lower than 2.60, indicating it to be the 
diatomaceous earth, which is known as earth fossils or remains of an aquatic organism diatoms, 

Drainage 
Layer 
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that accumulate in the sediments of rivers, lake, streams and oceans. Both recycled materials 
(POC and RPM) were shown to be coarser than sand. Sand and POC were classified as well-
graded sand (SW) and well-graded gravel (GW) respectively, while RPM is considered a poorly 
graded gravel. POC and RPM have lower specific gravity of 2.28 and 2.58 respectively. POC had 
a lower bulk density (ρ) of 915 kg/m3 with the high rate in water absorption (3.85%) and porosity 
(64.54%) compared to sand and RPM. However, hydraulic conductivity, k of RPM was lower than 
sand and POC. This indicated that the voids of POC would absorb and fully entrap the water first. 
Then, water flowed (drainage). 

Table 1: Charaterisation of DMC and granular materials 

 

 

 

 

 

 

 

 

 

 
Figure 2 shows the FESEM imaging and XRD analysis respectively for DMC sample. 

Pseudo-hexagonal sharp-edged plates and vermicular stacks. The soil seemed to be dominated 
by face-to-face contact. The presence of debris or mineral (red circles) fraction was detected from 
the image. Clay mineral contributed to the morphology of DMC with 61% of clay dominated in 
particle size distribution. The XRD analysis consisted of peaks corresponding to the phases of 
the specimen. The plot showed the presence of quartz, halite, illite, montmorillonite, biotite and 
albite as the main crystalline phases in the DMC.  

 

 

 

 

 

Properties DMS SAND RPM POC 
Moisture content, wc (%) 218 0.59 0.32 0.43 

Specific gravity, Gs 2.57 2.65 2.58 2.28 

Liquid limit (LL) 73.8 - - - 

Plasticity Index (PL) 41.6 - - - 

Water absorption (%) - 0.66 1.04 3.85 

Bulk density, ρbulk (kg/m3) - 1570 1267 915 
Particle density, 
ρparticle(kg/m3) - 2735 2580 2278 

Porosity, ƞ (%) - 40.75 44.43 64.54 
pH 8.0 7.1 7.5 8.2 

LOI (%) 4 1.3 9.8 2.0 
Soil classification (USCS) CH SW GP GW 
Hydraulic conductivity, k 
(m/s) 1.05 x 10-11 26.2 x 10-3 27.5 x 10-4 30.3 x 10-3 
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Figure 2: FESEM imaging and XRD of DMC 

FESEM imaging and XRD analysis for RPM and POC as shown in Figure 3 and 4, 
respectively. RPM had discrete structures but fine surfaces. The morphology of RPM was smooth, 
sharp-edged and flat shaped particles. The mineral of RPM consists of including quartz, albite, 
dolomite and mullite were detected in the region of 22˚ - 68° 2θ. POC could be categorised as 
generally angular and irregular in various sizes and diameters. Irregularities could be seen clearly 
where it was flaky while some had sharp edges and semi hexagonal type of pores on its surface 
as shown in the red circles. It showed micro pores of small, medium, and extra-large sizes. As 
observed in the XRD analysis, the quartz and cristobalite components had a type of silica 
compound found to be prominent in POC. Significant sharp peaks and higher peaks were 
observed at 2θ of 27° and 23° of quartz and cristobalite respectively. The presence of cristobalite 
on the XRD pattern indicated that impurities were attached to the sample. 

 

Figure 3: FESEM imaging and XRD of RPM 

 

 

Angular 
shape 
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Figure 4: FESEM imaging and XRD of POC 

3.2 Efficiency of Drainage Layer Thickness on the Permeability of DMS  

The coefficient of permeability (k) can be determined from the routine of oedometer tests or 
through direct permeability measurements. The k values for all drainage configurations were 
determined from oedometer tests. The derivation of k was related to Cv and mv value. The 
relationship between effective vertical stress and k from oedometer test displayed in Figure 5 with 
different thickness of granular drainage layer. In general, plotted graph showed that the thickness 
of granular materials at 100% had positioned on top of 50%. The curves of Lsc was indeed placed 
at the bottom of all layered granular materials, due to its low permeability properties with the kave 

of 7.31 x 10-9 m/s. k value at this range was described as very low and practically impermeable 
(10-7 – 10-9 m/s), which consisted of clay and silt [9]. Referred to the plotted graph, the dissipation 
of water became high at the first stage of loading and then kept decreased until the final loading. 
This indicated that DMS was very sensitive due to high moisture content and surcharged could 
be occurred once granular materials were laid on top of DMS.  

Figures 6, 7 and 8 showed there were big distinctive of k between materials thickness such 
as Lss50 and Lss100 had difference by 34% of kave. Followed by Lsr50 – Lsr100 (23%) and Lsp50 – 
Lsp100 (22%). About 10% different between and Lsp50 – Lsp100, which means water easily passing 
through the POC layer. In addition, the porosity of POC influence the faster dissipation of water. 
Statement from Shahid [10] agreed on the ability of POC to drain the water very quick. In addition, 
the yield stress (σ’y) for the tests can be seen clearly, where the curves started to yield at the point 
of 50 kPa. This presumably the reason of constantly decreased towards the end of consolidation 
process. 
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Figure 5: Coefficient of permeability (k) – effective vertical stress (σ’v) of single drainage 
materials under different thickness 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Relationship of k –σ’v of sand at different drainage thickness 
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Figure 7: Relationship of k –σ’v of RPM at different drainage thickness 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Relationship of k –σ’v of POC at different drainage thickness 
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4.0  CONCLUSION  

Kuala Perlis DMC was classified as high plasticity of clay (CH). DMC sample consisted of 
61% clay, 38% silt, and 1% sand and considered as silty clay. Anthropogenic activities around 
the dredging area were the main reason the DMC sample contained clay and silt as contributed 
because of the dredging location near Kuala Perlis Jetty and the on-going construction also 
influenced the surrounding sediments. XRD analysis of DMC showed the presence of quartz, 
halite, illite, montmorillonite, biotite and albite. POC had a lower bulk density with the high rate in 
water absorption and porosity compared to sand and RPM. However, hydraulic conductivity, k of 
RPM was lower than sand and POC. This indicated that the voids of POC would absorb and fully 
entrap the water first. Then, water flowed (drainage).  

The thickness of granular materials at 100% had positioned on top of 50%. In conclusion, 
by increasing the thickness of drainage layer, the dissipation of water also increase and speed up 
the consolidation of DMC. Therefore, it can concluded that recycled granular by-products can be 
reuse as backfill materials for land reclaimed. By reusing these waste materials as replacement 
for virgin materials in construction industry, significantly loosened their negative impact on the 
surrounding. As the works is moving towards the concept of 3R (reduce, recycle and reuse), the 
utilisation of DMS, POC and RPM will help to provide an alternative on granular materials but also 
help in terms of proper disposal 
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CHAPTER 2 
 
 

PHYSICAL PROPERTIES OF SAGO FINE WASTE AS A FINE 
AGGREGATE IN MATERIAL OF CONSTRUCTION 

Norhayati Abd Wahab1, Suraya Hani Adnan1, Abdul Hadi Izaan Ibrahi 1 

1Department of Civil Engineering, Faculty of Engineering Technology,  
Universiti Tun Hussein Onn Malaysia, Pagoh, Johor, Malaysia 

 
 

ABSTRACT 

Sarawak is one of the many that have sago and commercialized crops. The total area of sago 
cultivation in Sarawak is 51,518 hectares. In process of sago starch, every day contributed about 
60 tons of sago waste is dumped into the nearest river. Sand, on the other hand, is typically 
gathered by employing machinery along the riverbank, which considerably contributes to the 
river's environment being harmed and contributing to global warming. Extensive research on 
waste materials has been performed for environmental protection and sustainable development. 
Sago waste, also known as Sago Fine Waste (SFW), will be handled; it has been utilized as a 
substitute for fine aggregations (sand). It may be inferred that, in addition to protecting the 
environment and contributing to sustainable development, this study can be investigated further 
as a novel construction material. To make SFW as a substitute for sand, physical properties are 
determined such particle size distribution, particle density and water absorption test (PDWA) and 
bulk density test. Fineness modulus of SFW is 2.98, specific gravity 0.45, water absorption 45% 
and bulk density is1270 kg/m3. From the result, SFW is potentially SFW is potentially replacement 
for fine aggregate in construction material. 

Keywords: sago fine waste, physical properties 

1.0 INTRODUCTION  

Sago is a type of food from the stems of the rumbia tree (Metroxylon sago) or a Sago tree. 
The sago tree is a palm tree found in Malaysia, Indonesia, Papua New Guinea and other 
Southeast Asian countries. In Malaysia, Sarawak is one of the many that have sago and 
commercialized crops.  
 The total area of sago cultivation in Sarawak is 51,518 hectares, with 45,393 in the Mukah 
area. Mukah Division contributes 88.1% to the entire area of sago plants [1]. Most land areas in 
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Sarawak are swampy, which is natural for sago growing and cultivating. Sarawak's Sago industry was 
well developed and one of the significant export revenue industries [2]. It is now one of the largest exporters 
worldwide of sago starch and every year exports more than 40,000 tons to different countries and 
Peninsular Malaysia [3].  
 Sago flour is made from the stems of sago trees. Water is used to isolate the sago starch 
from the fibre in the processing of sago tree logs into sago starch [4]. Sago flour is by sifting the 
trunks of sago trees mixed with water and squeezed like coconut milk. Waste after extraction 
called 'pow' or sago waste will be thrown into the river, and it feared that it could pollute the 
environment. Figure 1 show the process of sago starch extraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Schematic flow diagram of sago starch extraction 

After processing between 8 and 12 logs on an industrial scale, the waste generated each 
day can reach 3 to 5 tons [4]. In Sarawak alone, about 60 tons of sago waste is dumped every 
day - triggers various problems. Most of it is thrown into the river because people think it is fish 
food when, in fact, it is not so [5]. Sago waste combined with sago fiber indicates high organic 
materials, chemical oxygen demand (COD), and biochemical oxygen demand (BOD), all of which 
are in violation of the discharged regulations set forth in the Environmental Quality Act of 1974 
[6]. By consuming the dissolved oxygen in the water, the high demand for biological oxygen (about 
5820 mg/L) and chemical oxygen (about 10,220 mg/L) in wastewater has an impact on marine 
life and water quality [7].  
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The action resulted in the river water becoming sour due to the high sugar content and the 
reproduction of bacteria in the sago waste. This results in the river being acidic, thus threatening 
animals and plants' lives in the river. Therefore, the sago waste is essential to be researched by 
academics to improve the population's living standards, also preserving the environment through 
green technology. 
 Sand is one of the essential raw materials in the construction industry, widely used in bricks 
and concrete. The high demand for sand causes illegal mining companies to grow like mushrooms 
after rain causing natural damage [8]. The building industry's constant growth necessitates the 
exploitation of raw materials like river sand, resulting in natural degradation that kills aquatic life, 
pollutes the river environment and landslides [9][10][11]. This negatively affects the environment.  

Alternatively, using this sand can be reduced by replacing it with waste materials that are 
still potentially used. So, in this research, sago waste will be treated; known as Sago Fine Waste 
(SFW) has been used as a replacement for fine aggregations (sand). Besides protecting the 
environment and contributing to sustainable development, it can be concluded that this study can 
investigate furthers as a new construction material. 

2.0 METHODOLOGY 

To produce sago fine waste (SFW), sago waste obtained through the physical treatment 
process, such as dried in the sun until dry, facilitate the grinder process and sieve according to 
the size beyond the 3mm sieve. SFW's physical properties are determined such as partical size 
distribution, particle density and water absorption test (PDWA) and bulk density test. 

2.1 Preparation of Sago Fine Waste (SFW) 

Sago waste was collected from factory River Link Sago Resources Sdn Bhd at kampung 
Dalat, Mukah and 2°46'14.2"N 111°55'50.3"E and small-scale sago farmers addressed at 
Kampung Tellian Hulu, Mukah, Sarawak 2°52'03.0"N 112°06'22.5" E. Sago waste was purchased 
with RM4-5 depending on the sack of flour/ rice from the sago flour processing factory, as shown 
in Figure 2.  

 

Figure 2: Sago waste from Sago factory 

Fresh sago waste was wet, greyish, and light brown and turned to brownish after drying, 
as depicted in Figure 3 and 4. The moisture level of sago waste must be decreased before these 
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products can be reused. Drying is a well-known process for inhibiting bacteria and microbe growth 
in numerous industries, including food businesses. Maintaining product quality, such as colour, 
textural qualities, and residual polyphenol content, is critical [7].  

 

Figure 3: Raw sago waste dried under sunlight  

 

Figure 4: Dried sago waste 

Regarding the handling of SFW, raw sago waste from the factory was first dried under 
sunlight for a minimum of 18 hours and later ground into a fine powder using a grinder machine 
as show in Figure 5. 

  

Figure 5: Grinder machine 



Multidisciplinary Engineering Science and Advanced Technology Series 1                              
ISBN 978-967-2817-40-6 

2022 
 

15 
 

2.2 Physical Properties of Fine Aggregate 

Physical attributes are those that may be used to determine the material's quality and 
condition without the need for any external force. To determine whether the material used is 
suitable to be replaced with the primary material in this study is density, water absorption, fineness 
modulus, and specific gravity. 

a) Particle Size Distribution 

Aggregate grading describes the proportions of particles of different sizes found in 
aggregates. Fine aggregate has a grading size of less than 5mm and must usually meet ASTM 
standards (C125). Sieve analysis may be used to assess the aggregates' grading. Aggregates 
were passed through a series of sieves with varying opening sizes in the test. 10mm, 5mm, 
2.36mm, 1.18mm, 600m, 300m, 150m, and 75m sieve sizes were used in general for the particle 
size distribution of fine aggregates. The number of materials retained on each sieve was used to 
assess the aggregate grading. Figure 6 show the tools to make a particle size distribution testing. 

 

Figure 6: Sample ready to shake using shaker machine  

Fine aggregate obtained from SFW measured less than 4.75 mm. The SFW used during 
the sieve weighed 500 g. Figure 7 show the grading curve, the fineness modulus of fine 
aggregates is 2.78 and SFW is 2.98. Since the fineness modulus for both materials are almost 
similar, SFW is potentially suitable for fine aggregate. 
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Figure 7: Sieve analysis results for sago fine waste and fine aggregates 

b) Particle density and water absorption test (PDWA) 

Particle density and water absorption test (PDWA) according to BS 812: Part 2: Clause 5: 
1995 is to determine apparent particle density (specific gravity) and water absorption of 
aggregate size 10mm and smaller. Figure 8 show the one of the procedures on this testing. 
Table 1 show specific gravity and water absorption data for sand and SFW in this research.  

 

Figure 8: Pycnometer containing sample SFW without water 
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Table 1: Specific gravity and water absorption  

Material Specific Gravity Water Absorption % 
Sand 2.71 1.2 
SFW 0.75 45.0 

c) The bulk density  

The bulk density and void of fine aggregate be evaluated using standard test methods  BS 
812-2, 1995. The bulk density or unit weight is the weight per unit volume (mass per unit volume 
or density). In a unit volume of aggregate, voids are the space between individual particles and 
the aggregate mass's unit volume. The solid mineral matters do not occupy them.  

Bulk Density depends upon how densely the aggregate is packed. It also depends upon the 
size, distribution, and shape of the particles. If particles are of the same size, they can be packed 
to a limited extent, but when the smaller particles are added, the voids get filled with them and 
thus, the bulk density increases. Figure 9 show the testing of bulk density and void for fine 
aggregate. The bulk density for sand is 1680kg/m3, and SFW is 1270kg/m3. 

 

Figure 9: Testing for bulk density and void of fine aggregate  

3.0  CONCLUSION  

Concrete, as we all know, is a commonly utilized building material that necessitates many 
natural resources to produce. Agricultural waste materials are used instead for sustainable 
building and to limit the use of raw materials. Agricultural waste is readily available, making it 
useful. Crops and by-products of animal husbandry have a lot of potential for reducing 
construction's environmental impact. 

SFW is a by-product of sago starch manufacturing. Physical parameters such as particle 
size distribution, particle density and water absorption test (PDWA), and bulk density test are 
determined to make SFW a sand substitute. SFW has a fineness modulus of 2.98, a specific 
gravity of 0.45, a 45 percent water absorption rate, and a bulk density of 1270 kg/m3. As a result 



Multidisciplinary Engineering Science and Advanced Technology Series 1                              
ISBN 978-967-2817-40-6 

2022 
 

18 
 

of the findings, SFW has the potential to substitute fine aggregate in construction materials. To 
build a global environmentally sustainable approach to the effective usage of agricultural waste 
in the construction industry, much research is required. 

BIBLIOGRAPHY   

[1] Dayang Norhafizah (2019) “Mukah Pengeluar Utama Tepung Sagu Sejak Dulu,” 
SarawakVoice.com. 

[2] Karim, A. A., Tie, A. P. L., Manan, D. M. A., & Zaidul, I. S. M. (2008). Starch from the sago 
(Metroxylon sagu) palm tree—properties, prospects, and challenges as a new industrial 
source for food and other uses. Comprehensive Reviews in Food Science and Food Safety, 
7(3), 215-228. 

[3] Amin, N., Sabli, N., Izhar, S., & Yoshida, H. (2019). Sago wastes and its applications. 
Pertanika J. Sci. & Technol, 27(4), 1841-1862. 

[4] Rasyid, T. H., Kusumawaty, Y., & Hadi, S. (2020). The utilization of sago waste: prospect 
and challenges. In IOP conference series: earth and environmental science (Vol. 415, No. 
1, p. 012023). IOP Publishing. 

[5] Azman Zakaria (2020) “Hampas sagu ‘ditukar’ jadi bahan cetakan tekstil,” UPM.edu.my, 
2020.[Online].Available:https://upm.edu.my/kandungan/hampas_sagu_ditukar_jadi_baha
n_cetakan_tekstil-25176?L=bm. [Accessed: 28-Nov-2020]. 

[6] Awg-Adeni, D. S., Bujang, K. B., Hassan, M. A., & Abd-Aziz, S. (2013). Recovery of glucose 
from residual starch of sago hampas for bioethanol production. BioMed research 
international, 2013. 

[7] Rosli, M. I., Nasir, A., Mu’im, A., Takriff, M. S., & Chern, L. P. (2018). Simulation of a 
fluidized bed dryer for the drying of sago waste. Energies, 11(9), 2383. 

[8] Norpadzlihatun Manap (2020) “Pengorekan dasar sungai, laut secara lestari,” BH online, 
2020.[Online].Available:https://www.bharian.com.my/rencana/komentar/2020/01/644689/
pengorekan-dasar-sungai-laut-secara-lestari. 

[9] Muthusamy, K., Budiea, A. M. A., Mohsin, S. M. S., Zam, N. S. M., & Nadzri, N. E. A. 
(2021). Properties of fly ash cement brick containing palm oil clinker as fine aggregate 
replacement. Materials Today: Proceedings, 46, 1652-1656.  

[10] Muthusamy, K., Rasid, M. H., Jokhio, G. A., Budiea, A. M. A., Hussin, M. W., & Mirza, J. 
(2020). Coal bottom ash as sand replacement in concrete: A review. Construction and 
Building Materials, 236, 117507. 

[11] Sathiparan, N., & De Zoysa, H. T. S. M. (2018). The effects of using agricultural waste as 
partial substitute for sand in cement blocks. Journal of Building Engineering, 19, 216-227. 

[12] BS 812-2, (1995) “Method of determination of density. British standard,” British Standard, 
no. March, pp. 1–22. 

 
 

 



Multidisciplinary Engineering Science and Advanced Technology Series 1    
ISBN 978-967-2817-40-6

2022 

19 

CHAPTER 3 

THE CORROSION EFFECT TO METAL STRUCTURE INFLUENCED BY 
MICROBIAL AT OIL AND GAS PLANT 

Wan Amizah Wan Jusoh1,  Noor Ain Najihah Che Rosely1, Suraya Hani Adnan1, Sharifah 
Salwa Mohd Zuki2, Shahiron Shahidan2  

1Department of Civil Engineering Technology, Faculty of Engineering Technology, Universiti 
Tun Hussein Onn Malaysia, 86400 Pagoh, Muar, Johor, Malaysia 

2Department of Civil Engineering, Faculty of Civil Engineering and Built Environment, 
Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor, Malaysia 

ABSTRACT 

Corrosion is the destructive attack of metal on its surroundings by chemical or electrochemical 
reactions. There are four common types of corrosion problems occurred on the pipelines of oil 
and gas plants. Those are (i) sour corrosion, (ii) oxygen corrosion, (iii) stress corrosion cracking 
and (iv) microbiologically induced corrosion. In order to keep the metal structures of oil and gas 
plants resistant to corrosion, carbon steels are undeniably the best materials to use for pipelines. 
As for microbiologically induced corrosion, there are two types of it, (i) Sulphate-Reducing 
Bacterium and (ii) Sulphur-Oxidizing Bacterium. There will be negative consequences to the oil 
pipelines affected by microbiologically induced corrosion and will be explained vigorously on the 
next page. Electrochemical, physical and chemical techniques are those different treatments that 
can be used to dwindle the corrosion from the metal structures of pipelines in oil and gas plants. 
The solution to identify corrosion caused by microbial is by using electrochemical techniques. By 
using this technique, the potential mechanism of microbially influenced corrosion of steel by 
marine bacterium Vibrio natriegens. Cathodic protection using sacrificial anodes is practical and 
globally applied to prevent corrosion, while electrochemical techniques can determine the 
mechanism of MIC. Through the methods, the objective of this study has been achieved.   

Keywords: corrosion, oil and gas plant, microbiologically induced corrosion, 
electrochemical technique, cathodic protection. 
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1.0 INTRODUCTION 

Corrosion is the destructive attack of metal on its surroundings by chemical or 
electrochemical reactions. The electrochemical process most often happens where the metal’s 
anodic solution and the cathodic decrease of an oxidizing agent occur as combined reactions. A 
chemical process is sometimes tracked. Nearly any aqueous environment, particularly in oil and 
gas plants, may contribute to corrosion [1]. Corrosion can occur in many forms based on how it 
occurs on the materials and how the surrounding affects them. Based on the reactions on the 
metal surface, a first identification is made. The types of corrosion can be detected by how it 
appears. Corrosion can be classified into nine different types [2].  

Corrosion is an electrochemical process in which anodic sites detach electrons from metals 
and at cathodic sites capture the released electrons. Depending on the solution’s environment, 
the cathodic reaction can vary. The oxygen reduction at neutral or alkaline pH in the cathode is 
the most common reaction [3]. Microbially induced corrosion (MIC) is a form of corrosion in which 
both metallic and non-metallic material degradation occurs due to microorganism presence and 
behaviour. Microorganisms such as fungi, algae and bacteria may affect corrosion. Such bacteria 
are usually present in populations as a biofilm and, as a result of their metabolic activity, control 
the electrochemical cycle [1].  

  From a structural perspective, the loss of corrosion attack thickness of the cross-section 
results in a reduced resistant area, reducing the structural performance of strength, rigidity and 
ductility. In some situations, a part or joint local failure may affect the stability of the entire structure 
[4]. The research about the method of cathodic protection in order to avoid corrosion is conducted 
to identify its potential uses. Thus, usage of cathodic protection is very potential to increase the 
probability to prevent corrosion. This study will be focusing on identifying corrosion reaction on 
metal surfaces with surface-associated microbial processes on the surface of metal structures in 
oil and gas plants, on determining the best design for metal structures in oil and gas plants in 
order to avoid corrosion [5].  

2.0  LITERATURE REVIEW 

2.1 Mechanism of Corrosion 

Corrosion is a natural phenomenon frequently defined as the depreciation of metallurgic 
elements due to a reaction with the surrounding [6]. The mechanism of corrosion and its 
percentage of rate in attacking the metal structures truly depends on the condition of the 
surroundings like the existence of O2, soil, H2O. For example, the presence of CO2, H2S, optimum 
temperature, the mass of the flow, pH and moisture condition will fasten up the corrosion process 
in the oil and gas pipelines [3]. 

2.2 Types of Corrosion in Oil and Gas Plants 

Corrosion could easily happen in the oil and gas pipelines once steel comes in touch with 
binary compound surroundings and rusts [7]. Carbon dioxide (CO2) and hydrogen sulphide (H2S) 
is the most likely to exist in oil and gas plants. There are various kinds of corrosions and the 
causes behind it [8]. The highly percentage of corrosions to occur at oil and gas pipelines are sour 
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corrosion, oxygen corrosion, stress corrosion cracking and microbiologically induced corrosion 
(MIC) [9]. Table 1 below shows the type of corrosion that occurs in the pipelines of oil and gas 
plants.  

Table 1: Type of corrosions and their causes in oil and gas plants [9]. 

Sour corrosion (H2S corrosion) 
- Sour corrosion occurs when metal is corroded by 
the mixture of hydrogen sulphide (H2S) with wet 
conditions. This corrosion brings massive damage 
to the drilling pipe in oil and gas plants. 
- H2S is originally one of the weak acids, but 
unfortunately, its produce hydrogen ion (H+) that 
will make it corrosive to the metal structures 
surrounding it.  
- Sour corrosion results in uniform pitting and 
stepwise cracking on metal structures. 

 

Figure 1: Oil and gas pipeline under sour 
corrosion [10]. 

 

Oxygen corrosion 
- Oxygen is known to be the catalyst in corrosion 
mechanism as it reacts with metal rapidly. This will 
be the main factor for the drilling pipe to corrode.   
- Oxygen is a depolarizer and will accelerate the 
anodic destruction of metal. 
- This kind of corrosion will result in uniform 
corrosion and pitting-type corrosion.  

 
 
 

 
Figure 2: Oil and gas pipeline having oxygen 

corrosion [3] 

Stress corrosion cracking (SCC) 
- SCC is isolated corrosion. The action of the 
corrode mechanism and tensile stress will produce 
cracking on metal structures of pipelines.   
- SCC affects the material by dry cracking and 
fatigue threshold of the material. 

 
 
 

 

Figure 3: Oil and gas pipeline under SCC [11]. 

Microbiologically induced corrosion (MIC) 
- MIC is the after-effect caused by the daily process 
of bacterial. Due to the activities of the bacterial, 
CO2, H2S and organic acids will turn out and 
accumulate the corrosion process on the metal 
structures. 
- Presence of the microbes that produce cathodic 
hydrogen depolarization will cause corrosion to the 
steel casings and pipes. 

 

Figure 4: Oil and gas pipeline corrode due to MIC 
[12]. 
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2.3 Appropriate Design of Metal Structure in Oil and Gas Plants 

The materials used in the construction of pipelines carry a supreme role in the petroleum 
industry as the fluids and vapours move along the pipelines over a long period of length and time 
from their main sources to the very last users. Deterioration of metal’s issues related to the 
conveyance method that subsist at each manufacturing step, starting from the early eradication 
to purifying and stockpile preceding to usage. The steel employed in good construction will vary 
from mild steel to high Cr-content corrosion-resistant alloys, such as austenitic-ferritic steel. 
Moreover, a crucial property in preventing pipe corrosion is how the pipe is welded and acid 
corrosion in that place. Many years before, there were many evolutions in advanced corrosion-
resistant alloys (CRA), but then, CSs (carbon steels) still being the foremost unremarkably 
selected materials for downhole tubulars, flow lines and transmission pipelines in the gas and oil 
industry, possibly because of their low in price [14]. 

2.4 Microbial Ecology and Its Effect to Oil and Gas Pipelines 

Microbial or enclosed by is a microorganism. This microorganism has been related to 
corrosion implying in few species. They can be separated into three groups: (1) bacterium, (2) 
fungi and (3) algae. Few of these microbes are firmly established as having roles within the 
corrosion process. The foremost vital microbes that play a significant role in the corrosion of metal 
structures in pipelines of oil and gas plants is a bacterium, which is Sulphate-Reducing Bacterium 
(SRB) and Sulphur-Oxidizing Bacteria [12].  

These two are those that are concerned with the sulphur cycle. Sulphate-Reducing 
Bacterium is a gaggle of strict anaerobes that are taxonomically various, however physiologically 
and bionomically similar. They can endure in a long duration of time with the existence of oxygen. 
They are acknowledged with their capability to conduct dissimilatory sulphate reduction. Next is 
Sulphur-Oxidizing Bacterium. The importance of anaerobic corrosion by SRB in far-reaching 
categories, destructive impacts of acids created by microorganisms could also be unmarked. 
These two kinds of bacterium created sulphuric gases. Owing to this, it will be ready to leach 
metal sulphide ores and, within the case of pyrite, oxidizes each the sulphur and, therefore the 
moiety. Hence, this bacterium is related to corrosion and action to the pipelines in oil and gas 
plants [13]. 

2.5 Effect on Metal Structure of Pipeline Influenced by Microbial 

 

Figure 5: Few effects to the metal structure of pipeline influenced by microbial [15]. 

3.2.5 EFFECT TO METAL STRUCTURE OF PIPELINE INFLEUNCED BY MICROBIAL 

a) Effect of Microorganism on Pipe b) Effect of Microbiologically Influenced 
Corrosion (MIC) in Oil Pipelines
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a) Effect of microorganism on pipe 

In addition to preventing water in pipelines by biofouling, the constraint of potable water flow 
in water-distribution pipelines could lead to the formation of tubercles [15]. The small anodic area 
at a lower place, the tubercle usually corrodes severely, leading to perforation of the pipe. 

b) Effect of Microbiologically Influenced Corrosion (MIC) in oil pipelines 

An anoxic action accumulated with large numbers of sulphate reducing bacteria (SRB) in 
oil pipelines, facilities and storage tanks lead to the assembly of H2S [16]. H2S is a poisonous and 
acidic gas which is related to wide variety range of environmental bad effects and financial 
damage due to MIC, reservoir spoilage and the resulting low local oil production. Eliminating 
sulphate from water is a chance to manage sulphides, however it is valuable. Adding nitrate to 
produce water may reduce H2S production; however, it needs to be mitigated repeatedly, resulting 
in high chemical costs [17]. The insertion of nitrate may additionally boost the biomass of 
microorganisms in the water composed, leading to blockages in the treatment wells [18]. 

2.6 Treatment for Microbiologically Influenced Corrosion (Mic) on Pipelines 

Totally altered scope used in oil and gas industry for treating MIC and related to 
infrastructure systems in the pipelines. Microbiologically influenced corrosion (MIC) will be 
migitated by electrochemical, physical, and chemical procedures [19]. 

 

Figure 6: Treatments for Microbiologically influenced corrosion (MIC) on pipelines [19]. 

a) Electrochemical treatment techniques 

i. Coating technique 

The coating is used to prevent internal and external corrosion in the oil and gas pipeline industry. 
There are two categories of coatings, such as organic and inorganic coatings. Organic coatings 
are beneficial in assuring quality instrumentation. Inorganic coatings consist of sacrificial and non-

TREATMENT FOR MIC ON PIPELINES

a) Electrochemical Treatment 
Techniques

(i) Coating technique

(ii) Cathodic protection technique 

b)Physical Treatment 
Techniques

(i) Pigging

c) Chemical Treatment 
Techniques

(i) Biocides
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sacrificial coatings. Sacrificial coatings are being conserved as cathodic protection by both 
galvanizing or coating the metal with anode metals, for example, zinc. Non-sacrificial coatings 
involve coating with nickel or non-metallic coatings such as ceramics [20]. 

ii. Cathodic protection technique  

Cathodic protection is a long-time reduction of metal’s control technique in securing the 
subterranean and submerged metallurgic structures, for example, oil and gas pipelines, cables, 
utility pipelines and structural foundations. Cathodic protection is usually used for external 
corrosion preservation of buildings and pipes. However, it is not suitable for use internally except 
for a few numbers tanks and containers. In all cases, there is no general rule that prohibits any 
selected cathodic protection potential of an external MIC. The techniques are to protect the 
exposed metal surface be able to divide into two categories which is a sacrificial anode and 
impressed current method [20]. 

b) Physical treatment techniques 

There are two types of treatment technique, such as physical and chemical  treatment 
technique. In physical treatment techniques , one of famous is pigging teachnique. Pigging is very 
once utilized in seawater and oil pipeline systems. The equipment is placed on one end of the 
system, and large pressure is applied to cause the apparatus down a run of pipe, scaling the walls 
and removing the MIC tubercles [19].  

c) Chemical treatment techniques 

In chemical treatment techniques also have biocides techniques. Biocides or usually known 
as poisonous substances are some parts of MIC restriction measures in the oil and gas industry. 
This technique is to kill microorganisms in the system with a fast response. Biocides can be 
differentiated into two categories, which are: oxidizing and non-oxidizing. Oxidizing biocides 
attack microorganisms by oxidizing the cell structure, disrupting nutrients from passing across the 
cell wall, whereas non-oxidizing biocides invade the biofilm, harm the membrane of the cell and 
change the structures through which the microbes gain strength and nutrients [21]. 

3.0 METHODOLOGY 

There are two methods used in this research. The first method on how to identify corrosion 
caused by microbial, and the second method is about preventing corrosion due to microbial. 
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Figure 7: Method in identifying corrosion (3.1) and method in preventing corrosion affected by 
microbial (3.2) 

 

Figure 8: Flow chart of electrochemical techniques [23]. 

 

 

METHOD

3.1 METHOD TO IDENTIFY CORROSION 
CAUSED BY MICROBIAL

The solution to identify corrosion caused by
microbial is by using electrochemical
techniques. By using this techniques, we can
study the potential mechanism of microbially
influenced corrosion of steel by marine
bacterium Vibrio natriegens. There are four
steps to do this test. After experiment has
been carried out, the results show that
corrosion happen due to existing of N2
fixation. However, existence of NH3 is not the
main reason of corrosion due to it
insignificant [22].

3.2 METHOD TO PREVENT CORROSION 
CAUSED BY MICROBIAL

The best solution to prevent corrosion
caused by microbial is by using cathodic
protection. Cathodic protection is a method
used by an electrochemical cell to monitor
the oxidation of a metal structure. The
easiest way to apply cathodic protection is to
link the metal to be covered with the with a
piece of more easily corroded “sacrificial
metal” to serve as the electrochemical
anode. Instead of the covered metal, the
sacrificial metal will corrode [23].

Electrochemical Technique

Coupons Preparation

Isolation and incubation of the bacteria (V. Natriegens)

Electrochemical studies of the N2-fixation effect on 303 SS corrosion

Characterization of the corrosion surface
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3.1 Method to Identify Corrosion Caused by Microbial 

a) Coupons preparation 

Three hundred three stainless steel were created into coupons. Silicon carbide (SiC) papers 
were used to smooth out the steel’s surface to conduct electrochemical tests. Surface analysis 
was done when the steel was polished into a mirror-finish surface. Deionized water was used to 
rinse the polished coupons three times. Next, the coupons were cleaned using acetone, sanitized 
for 4 hours, dipped into ethanol solution and dried in air. Lastly, the samples were revealed quickly 
to test medium for experiments [24]. 

b) Isolation and incubation of the bacteria (V. natriegens) 

Extracted bacteria strain is then soaked in local seawater for 15 days. Next, the sample was 
incubated and purified in sterile agar plates using a sterile inoculation loop to collect several single 
colonies. The isolated bacterium was characterized on the basis of 16S rDNA. The bacterium was 
cultured at 37 ° in deionized water. The medium was autoclaved for 15 min. After four days of 
incubation, for the biocorrosion experiments, 303 polished SS coupons were hung in the medium 
[24]. 

c) Electrochemical studies of the N2-fixation effect on 303 SS corrosion  

The electrochemical measurements of the open circuit potential (OCP), the electrochemical 
impedance spectroscopy (EIS), and the potentiodynamic polarization curves were carried out 
using the ZAHNER IM6e Electrochemical Workstation (Germany). The saturated calomel 
reference electrode was connected via a Luggin’s capillary to the working electrode. The curves 
of potential dynamic polarization have been performed [25]. 

d) Characterization of the Corrosion Surface 

Atomic force microscopy was used to observe bacterial growth behaviour on the metal 
surface. The metal coupons are eliminated from the medium after 1, 3, 7,14 days of exposure to 
the bacteria, gently rinsed in sterile distilled water. After that, let it dry in the air for AFM analysis. 
After exposure to bacteria, the stainless-steel coupons were rinsed with deionized sterile water 
and dehydrated for observation with acetone [24]. 
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3.2 Method To Prevent Corrosion Caused By Microbial  

 

Figure 9: Experimental of Cathodic Protection Method [26]. 

a) 3.2.1 Cathodic protection by zinc sacrificial anode 

According to [26], an experiment of Cathadic protection by sinc sacrificial anode was 
conducted to identify the effectiveness of the cathodic protection method towards the metal 
structure. The biggest scale experiment was conducted in a tank about 9m3 applied with decanted 
natural seawater pumped from the shore at 400m (stable pH equivalent to 8.1) at the Luc-sur-
Mer marine station. A continuous seawater circulation is maintained at 5m-3h-1 with a temperature 
of 14◦C -20◦C to allow good oxygenation of the water while the suspended matter is let down. 
Some of the steel samples are buried in the sediments, and the others are immersed in water. All 
these samples are corrosion protected tanks to 10 sacrificial anodes. The common value used 
for the cathodic protection was -1V/AgAgCl (after 100,200,275,350 days). All impurities 
concentrations are less than 0.1% of the anode. During the experiment, the quantity of anodes 
reduces as two anodes are removed at each sampling operation. 

b) 3.2.2 Seawater and sediments sampling characterization 

Seawater and sediments sampling characterization has been done by [26]. After the 1,3,6,9 
and 12 months of cathodic protection, the seawater and sea sediments samples were collected 
and analyzed. The sample was collected in three-zone, which is superficial sediments (in contact 
with water), sediments close to steel (15cm from the water), deep sediments (30cm from the 
water).  The accuracy of this machine was determined using various of certified reference 
materials. Other sediments characterizations were also performed. There was one procedure 
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used to leach the sediments, which is an optimized sequential chemical extraction procedure. 
This procedure selectively and effectively dissolved all the chemical constituents of the sediment. 

4.0  ANALYSIS AND RESULT 

Below this following will discuss thoroughly about the significant data influencing the study. 

4.1 Concentration of the Various Types of High-Density Metal in Seawater (Cu, Cr, Pb 
and Zn) 

Table 2 below shows the concentration of all the types of samples in seawater. From Table 
4.1, it can be observed that only zinc experienced significant changes especially during the first 
month. The initial value of zinc is 0.04 mg L-1, however a significant growing was recorded to 1.09 
mg L-1 where the value is increase 27 times. This is due to the cathodic protection of the zinc 
anodes [26].  

Table 2: Shows the concentration of Cr, Cu, Pb and Zn in mg L−1 readings which was being 
examined in the samples of salt water and the mean results in deep sea [26].          

 

4.2 Zinc Partitioning in Superficial Sediments  

The important information from the graphs is a significant raise is observed on the sediment 
zinc content at the sacrificial anode. The zinc concentration has a value of SS12:500 μgg-1 which 
has about three times of the initial value. The cathodic protection will be more stable. The results 
obtained has the same idea in Science of the Total Environment [27]. In the first month of 
investigation, there were zero amount of zinc was leach, therefore the water solubility fragment 
of first month was 0%. After 3 and 6 months of experiment, there was a decrease in quantity of 
zinc leached on F6. However, in F4 it stayed stable.  
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Figure 10: Amount value of zinc, in the reading of µgg−1, percolated from the various kind of 
mineralogical fractions of the superficial sediments (residual = total−F6) [27]. 

4.3 Impedance Diagram of Stainless Steel  

Four different type of steel is labelled as M1, M2, M3 and M4 for the experiment. An 
assumption of N2-fixation process will stimulate and fasten up the corrosion process. There are 
two available explanations can be done: 

i) the operation of N2-fixation speeds up the deterioration due to some compounds are expel 
by the bacteria 

ii) NH3 was the result since the impact of NH3 on steel mitigation could not be eradicated.  

In order to find out how the deterioration works, electrochemical procedures and surface 
examination will be discussed. In figure 13, the impedance diagrams of coupons in both were 
more resist to corrosion. When there is increase in impedance diameters, the values of the total 
impedance magnitudes will be higher. 

Resistance diagrams of stainless steel (1) Charts for the resistance of high-grade steel (2) 
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Figure 11: Comparison between charts of the resistance of stainless-steel coupons 
between (1) and (2). (1st) Nyquist diagrams, (2nd) Bode modulus diagrams and (3rd) Bode 
phase angle diagrams [25]. 

4.4 Parameters Of Electrochemical Impedance Spectroscopy (EIS)  

The parameters are being listed in Table 3: Comparison of parameters of EIS between (1) 
and (2). From Table 3, the Rct of metal uncovered to various kind of mediums is in M1<M2<M3<M4 
order. The corrosion is accelerated in presence of bacteria. There was a sharp decrease in M1 
when compared to M2 where the value dropped from 103.6 to 30.62 kΩ. Among the two mediums, 
different such as the existence of Mg2+ and only N2-fixation in M1 were noticed. Hence, can be 
concluded that the process of N2-fixation takes on a role as a stimulator. 

Table 3: Comparison of parameters of EIS between (1) and (2) [25]. 

Parameters of EIS [1] Parameters of EIS [2] 

  

4.5 Potentiodynamic Polarization Curves  

Figure 14 show the potentiodynamic polarization curve for the coupons with microbe for a 
duration. There are few variables such as corrosion potential (Ecorr), pitting potential (Epit), cathodic 
Tafel slop (bc), anodic Tafel slop (ba), and the deterioration current density (Icorr). The corrosion 
current density (Icorr) is a benchmark illustrates the pace of corrosion. From figure 4.3, the 
corrosion current density (Icorr) is arranged in M4<M3<M2<M1 order. The pace of corrosion is 
arranged backward where have same result from EIS. From figure 4.3, the Tafel slope of M1 
decrease from 338.4 to 198 mV dec-1 in M4. This is due to the presence of N2-fixation which 
indirect the improvement of reaction kinetics of anodic reaction [25]. 
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Potentiodynamic polarization 
curves (1) 

Potentiodynamic polarization 
curves (2) 

  

Figure 12: Comparison of potentiodynamic polarization curves between (1) and (2) [25]. 

5.0  CONCLUSION  

Cathodic protection is selected as the solution to avoid the corrosion of metal structure. To 
identify and localize corrosion reaction on metal surface with surface-associated microbial 
processes on the surface of metal structure in oil and gas plant, researchers introduced 
electrochemical techniques (electrochemical impedance spectroscopy, EIS and potentiodynamic 
polarization curves) and surface analysis to determine the mechanism of microbially induced 
corrosion. In order to determine the best design for metal structure in oil and gas plant in order to 
avoid corrosion, selection of materials have a vital role. The corrosion resistant alloys (CRA), is 
suggested to avoid the corrosion over the decades. However, carbon steels (CSs) are the most 
commonly used around the world due to its performance and low price. Cathodic prevention was 
selected as the solution to prevent the corrosion because of microbial by the implementation of 
technology. Hence, it is proven that cathodic prevention by zinc sacrificial anode can prevent the 
corrosion. There are some other methods can be done to prevent the corrosion such as coating, 
biocides or even by cleaning procedure. 
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ABSTRACT 

The digitalisation of construction industry is driving to embrace smart construction with emerging 
technologies for its productiveness. Artificial Intelligent (AI) is one of the cutting-edge technologies 
that demonstrates efficiency and effectiveness in construction project lifecycle. For instance, 
prevent cost overrun, create generative design with Building Information Modelling (BIM), conduct 
logistics management in site, and perform periodic facility management. Despite the significant 
implications of AI in construction value chain, there are disagreements among the community on 
the effectiveness of AI implementation in construction industry. Hence, this study compares the 
efficiency of both AI and human mind in the management of construction industry. The result 
presented that AI play an important role to assist human in resolving high volume of data 
effectively, store massive data securely at a place and unlimited usage to complete repetitive 
work. This study breaks the perception of public where AI implementation could replace human 
mind or it is a cumbersome process to adopt. The characteristic of AI should be utilised to improve 
the efficiency and productivity of construction management.  

Keywords: Artificial Intelligent (AI), human mind, Industry Revolution 4.0 (IR 4.0), management, 
construction 

1.0 INTRODUCTION  

Our world today is pursuing a sophisticated modernization that is beyond our imaginations, 
especially in the construction industry. However, the construction industry has a range of 
challenges and obstacles faced by those involved, like all the developers and contractors. Some 
of the challenges that we are familiar with are the lack of labor involved, time, safety  and health, 
quality and efficiency  of work, and others. 
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Based on the related problems in construction industry, it is recommended to solve these 
problems by employing Artificial Intelligence (AI). The major function of AI is to include human-
like qualities in robotics [1] AI is a way of making a computer, a computer-controlled robot, and 
software think intelligently, in the similar manner humans think [2].  

However, from the results of the previous studies there are some disagreements among the 
community that has compared the differences between AI and human mind. This research will 
prove that AI is more effective than human mind in the construction industry. Main factors that AI 
is more effective than human mind in the construction industry are higher efficiency and quality at 
work, safe and secure, and unlimited usage of AI.  

2.0 LITERATURE REVIEW 

Industry Revolution 4.0 (IR 4.0) has brought new system that helps making life and work 
easier. One of the best applications in IR 4.0 is AI, which is very reliable ad useful, although there 
are some limitations compared to human mind. This section discusses about previous studies 
and theories about AI and human mind, or anything related to AI in construction industry. 

2.1 Artificial Intelligence 

AI was introduced by John McCarthy, a Stanford researcher who had given the term “AI” 
during the Dartmouth Conference. It's "The science and engineering of making smart machines, 
particularly smart computer programs," according to the AI father, John McCarthy [2]. 
Furthermore, AI is a way to think intelligently about a machine, a computer-controlled robot, or a 
program, in the same way as intelligent humans thought. 

This is supported by Clocksin (2003) that, AI is an informatics industry with the purpose of 
having machines packed with logics and perceptive capabilities. AI can be divided into applied 
and theoretical, where each of them has their own focus [3]. AI can be classified into two types, 
the Weak AI and the Strong AI. Weak AI are machines that are designed to adapt to specific 
circumstances, but cannot think for themselves. While Strong AI is capable of thinking and acting 
just like a person. It can learn from experiences. As there are no real-life examples of strong AI 
still, how Hollywood movies depict robots will be the best portrayal. Both types of AI are the 
development of computer systems, making them capable of carrying out tasks which require 
human intelligence. For examples, visual perception, speech recognition, decision-making, and 
translation between languages. 

In the context of construction industry, AI is a developing system adopted recently. Different 
fields of design and development are starting to take in many of these developments. Flying a 
drone over a construction site, visualizing a project before completing it with virtual reality, or 
choosing the best setting based on AI predictions, are no longer odd [4]. AI has also impacted 
Building Information Modeling (BIM). We can transform the design process, or at least innovate 
with each new construction project, data collected from models, simulations and even through the 
physical elements as sensors inside finished constructions. AI offers a new viewpoint from which 
we can take advantage of such information, which is the data from both previous modeling and 
finished buildings [4]. 
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2.2 Human Mind Intelligence 

A developed country usually has the most intelligent people to create a system, and to do 
great in any type of work. Most of the construction nowadays are still using human minds to 
develop a system of management. We will look into several consequences of system designed 
by human mind. 

Human intelligence relies on 4 phases, which are memory and learning, visual perception, 
auxiliary perception, and retrieval ability. All these 4 stages are intertwined with one another. The 
stage of learning and memory starts with the sensory inputs reaching to our body. The brain then 
stores the information into long term memory or short-term memory, and the process repeats as 
we gain new information. But, within a fraction of seconds, we may also lose the information 
obtained. Visual perception is the ability to interpret the surrounding environment through 
processing the visible-light information. Visual perception can be subjective and deceptive, as the 
brain plays a role to perceptualize the sensory data received. Auditory perception refers to how 
well the brain interprets what we hear. This could include speech sounds and also environmental 
sounds. From different surveys, auditory-based learning and visual-based learning are the most 
successful learning, we can learn easily on the basis of these experiences that brain can easily 
understand and easily remember knowledge [1]. 

2.3 Human Intelligence vs Artificial Intelligence 

The comparison between two types of intelligence are quite hard as both have their own 
pros and cons. In this subtopic, some information about the advantages and disadvantages of 
both types of intelligence will be discussed. Generally, human mind are analog while computers 
are digital in terms of the way they perform their systems and tasks [1]. Human minds are simple 
and cannot multitask, while computers are more effective in multitasking works. However, human 
mind is more accurate and faster when it comes to decision making since human mind manages 
to gain knowledge and adapt with the environment quickly. Meanwhile, AI needs time to process 
and adapt with new problems. The learning process of these two are totally different. Human 
intelligence bases on what they experience in life and then responses they make, which can 
contribute to numerous functions in their lives. AI, however, is specified or created for particular 
tasks only, and its applicability to certain tasks may not be readily accessible. 

3.0  AI IS MORE EFFECTIVE THAN HUMAN MIND 

When a single task or work is given to a human or a machine, either of them will give a 
commitment based on their capabilities. When we talk about quality of work in the construction 
industry, things that really matter are how the efficient the workers or machines work.  

3.1 Higher Work Efficiency and Quality 

There are several advantages of AI that can lead to higher work efficiency and quality. As 
far as we know, human intelligence can work well but there are some limitations that lead to less 
efficiency and quality. Human mind sometimes relies on emotion, energy and pressure, which are 
more prone to misunderstanding in decision making, resulted in biased and less accurate 
decisions.  
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As far as current research’s capability, AI is more efficient and accurate in term of data 
analysing. AI is able to perform unbiased decisions compared to humans who can easily be 
biased depending on their preferences. AI has higher operational ability, which makes working 
systems smoother at peak time. Lastly, as the tasks given to AI are very specific, its system can 
retrieve information at higher speed than human intelligence [5]. Figure 1 summarizes these 
advantages of AI.. 

 

Figure 1: The advantages of AI 

3.2 AI is More Safe and Secure 

AI is more effective than human mind in the construction industry, because AI is more safe 
and secure. There is a massive amount of data being created daily in construction industry, be it 
from the sites or laboratories or others. AI is able to keep this huge amount of data safe and 
protected for longer term. 

Today, AI has the capabilities to copy human intelligence by performing different tasks that 
require thinking and learning, fathoming issues, and making different choices [6]. AI tools have 
the ability to process huge amounts of data using computers, helping those who operate the 
machines to analyse the massive information accordingly [7]. 

AI may be associated with Big Data. The term Big Data is very prevalent in the current digital 
world. It is said that the computer scientist John Mashey had popularized it, going back to the 
90’s. In 2016, Big Data represents information assets characterized by such high volumes, speed 
and variety that include the technology and specific analytical methods for its transformation value 
[8]. It is commonly believed that data generation will undergo an exponential growth in recent 
years, thus increasing the size of the digital universe. In this scenario, one of the considerable 
challenges of Big Data is the quality of the data obtained. Figure 2 shows the characteristics of 
data by the 5V principles proposed. 
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Figure 2: Characteristics of data [9] 

Based on the characteristic of the data, a normal human mind’s accessibility is very limited 
when remembering something for a longer term and doing all thing at one-time. Thus, the data is 
not guaranteed to stay memorized in mind. It is also not securely protected from being leaked out 
by unethical people. Meanwhile, AI could be more secure and safe. Personal data can be stored 
for a longer term. There is also less biasness when using AI in construction industry. AI systems 
are typically only as good as the data by which they are trained with. They eliminate any biases 
or falsehoods found in their training data [10]. 

Cybersecurity was identified as a particularly fertile area for AI that enabled vulnerabilities. 
A key function of artificial agents, such as informational and cyberphysical artificial agents, is to 
efficiently manipulate the information gained. Thus, artificial agents may be particularly familiar to 
information warfare and cybersecurity applications. The application of AI to surveillance or 
cybersecurity for national security opens a new attack factor based on this data vulnerability. 
Adversaries may learn how to systematically feed disinformation to AI surveillance systems, 
subsequently creating an unwitting automated double agent [11]. 

Nowadays, data can be accessed with a biometric recognition, such as fingerprints, eye 
recognition and personal voice so the data is possibly protected. Big Data makes us far better at 
spying on people as it makes the information collecting process far more efficient. With the 
incorporation of intelligent machines, it can intrude people’s privacy at even lower cost and higher 
speed. 

3.3 Unlimited Usage of AI 

AI is so much more advantageous when it comes to productivity at work compared to human 
mind. Human labours are subjected to health or physical disabilities, limited time or energy, lack 
of skills or knowledge. Human mind’s performance may sometimes be disrupted by emotions at 
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workplace, such as fear and low self-esteem which can affect their efficiency at workplace. 
Efficiency at workplace can be defined by the time taken by an employee or a team to complete 
the assignment within a given time frame. When workers are efficient, it helps the company to 
complete more works at the same pay rate. On the other hand, if the workers are not efficient, it 
limits the jobs that the company can take in, thus decreasing its profit.  

The natural limitations for efficiency of human at the workplace can be solved by AI. AI is 
able to resolve high volume of information within a shorter time, which means AI is more 
productive than human. It is a solid fact that humans are not always the best at tedious and 
repetitive tasks, while machines do not get tried. This is why AI is essential to prevent any 
drudgery from human, so that we can focus on human relations and more creative work. 

Besides, the application of AI in transportation helps to prevent road accidents. As human 
drivers, sometimes it is hard for us to be holistic and predict the behaviors of other vehicles. The 
challenges rise especially there is high volume of vehicles on the road.  

AI plays an important role to avoid road accidents and lower the impact of accidents. AI 
contains data patterns of accidents which then enable it to identify patterns on the road and 
predicts the accidents to prevent the accidents [12]. An example of AI applied vehicle is the self-
driving dump truck called Scania AXL by the Scania company, as shown in Figure 3. 

 
 

Figure 3: The Scania AXL, self-driving dump truck [13] 

4.0  CONCLUSION  

In conclusion, AI can benefit human being in things like cleaning, shopping, transportation 
and such. In construction industries, AI can be very useful to assist humans in reducing risks. For 
example, the self-driving dump truck. This self-driving truck will reduce road accidents and ensure 
transportation of items being performed smoothly. Other applications of AI such as personal-
assistants, smart vehicles, purchase prediction, speech recognition or smart home devices, and 
similar AI that’s changing human’s daily lives to improve human productivity, safety or health and 
such. When it comes to doing repetitively works, AI can perform better compared to humans who 
may either get bored or tired. This means AI plays an important role to assist humans in daily life 
and at workplace. 
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ABSTRACT 

Riverbank and coastal erosion are not new issues; it has been occurring globally for a long time. 
They are the most critical and unpredictable hazard issue, causing the loss of valuable property 
and land, posing a threat to the closest residents and having an economic impact. This review 
paper discusses the causes and consequences of riverbank and coastal erosion, and the 
dominant erosion processes involved. This paper further reviews the effectiveness of the 
protection method that was successfully being used to protect riverbank and coastal against 
repeated erosional attacks in Malaysia and its limitations. The last part of this paper reviews the 
potential of geobag as a rapid protection structure to the riverbank and coastal erosion. This 
method could prove to be an alternative to traditional rock-fill methods or bioengineering 
techniques, which are often quite complex and costly. 

Keywords: Riverbank and coastal erosion, erosion protection, geobag. 

1.0 INTRODUCTION  

Erosion on the riverbanks and coastal are an unpredictable natural disaster that causes the 
loss of valuable property and land, posing a threat to the closest residents and having an 
economic impact. Musa, Abdul waheed and Saidu [1] stated it occurs due to two primary erosion 
agents: wind and water. Water is considered the most common source of soil erosion in many 
parts of the world. Water as an agent influences on the decay of the river basin, land, and seaside. 
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Water erodes soil and transfers and deposits soil particles in lows from higher altitudes. Water is 
a significant cause of problems with soil erosion compared with the wind [2]. Malaysia is relatively 
hot and wet all year round because of its tropical rainforest climate and is therefore susceptible 
to soil erosion. 

Riverbank erosion in Malaysia is one of the significant impulsive threats to the sediment and 
could result in increased river pollution. Even had some of the riverbank erosion happened in 
Malaysia, like in Kilim River, Langkawi is a major tourist attraction, with riverbank erosion visible 
throughout the river and the mangrove ecosystem decayed over a decade. Another place that 
also experienced riverbank erosion is the Rajang River in Sarawak. Gastaldo [3] stated that the 
erosion of the riverbank has been a severe serious issue in the central reaches of the Rajang as 
shown in Figure 1. Many longhouses in the area have suffered erosion in the past several decades 
and had to move inside to escape from the collapse. Moreover, Massive land erosion has caused 
the soil to crack in the northern part of Miri in Sarawak below the longhouse village of Tinjar as 
shown in Figure 2 [4]. 

        

Figure 1: Eroded banks [3] 

 

Figure 2: Riverbank erosion [4] 
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Without proper action, it will cause other structural failures, this a threat to the nearest 
residents. It also has short-term or long-term impacts on the environment in the area [5]. Therefore, 
erosion protection structures must be undertaken promptly with appropriate protection methods in 
order to prevent or mitigate further structural failure and the loss of valuable property.  

Therefore, this review paper discusses the erosion process and methods to protect riverbank 
and coastal against repeated erosional attacks in Malaysia. Numerous riverbank and coastal erosion 
protection methods were introduced include riprap, retaining wall, concrete mattress, gabion and 
mattress, loose block, geotextile, geotube, and bioengineering and vegetation. However, some of 
these methods are constrained by technical feasibility, difficulty to handle, expensive process and 
time limitations. It will be discussed in discussed in Section 1.3. The last part of this paper reviews 
the potential of geobag as a rapid protection structure to the riverbank and coastal erosion.  

2.0 EROSION PROCESS 

Bank erosion in both stable and poor rivers or river canals can occur. While the morphology 
of sustainable rivers is structured in physical processes, and the overall form and measurements 
should not be altered significantly [6]. However, any local erosion and exposure, especially in 
meander bends, is likely to occur.  The riverbank typically had two main sets of processes and 
mechanisms for bank erosion, which are surface/fluvial erosion and mass failure [7]. 

2.1 Surface/Fluvial Erosion of Banks 

Surface erosion of riverbanks occurs if the driving erosive forces exceed the resistive 
strengths for cohesive materials in individual grains and conglomerates. The significant effects on 
the riverbanks are surface erosion. It is usually happening due to several factors such as: 

i. Shear stress currently induced 
ii. Loads of wave (wind waves; wave generated by ship and boat) 
iii. Seeping (too much pressure of the pores) 
iv. Runoff of the surface and 
v. Mechanical action (drying, impact of ships, human and ship activity) 

 

2.2 Mass Failure of Banks 

A mass failure happens when a stream bank's weight is larger than the soil strength and 
causes a bank to collapse [7]. This process depends on several factors, including the inner 
strength of the soil, soil-water content, and vegetation (for example, clay versus sand). 
Meanwhile, Bhuiyari [6] stated that Riverbank’s mass failure could be broken up into slips, block 
failures and stream slides, which have been initiated by various processes as illustrated in the 
Figure 3. Another critical thing that needs to remember is that an impact cannot immediately follow 
a riverbank’s actual failure [6]. The failure process takes a few days in some cases. However, a 
failure is almost always possible without warning if the active erosion of the area and the scoring 
of the toes occurs prevailing, or if an additional (extras) load is applied to the bank. During heavy 
rain and the rapid fall of water stages after the flood, the risk of mass failure increases. 
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Figure 3: Processes responsible for mass failure of a river bank [6] 

3.0  RIVERBANK AND COASTAL EROSION PROTECTION METHODS 

Riverbank and coastal erosion are essential to protect against the loss of productive 
property, fencing damage and other infrastructure issues through effective counter-measures. 
The protection technique should consist of structural and non-structural or combined structural. 
There are usually three relevant erosion counter measurement concepts, which are: 

i. River training actions are instream structures that affect the flow conditions or properties 
of the channel downstream of the measuring location (active measures). 

ii. Structure built to reduce hydraulic impacts from the riverbank in front of the area to be 
protected (partially active or partially passive actions). 

iii. Structures for the direct protection of the bank without active water flow interference to 
lower the erosive force before the slope is attacked (passive actions). 

 
For slope protection, different kinds of materials are used. Revetments can generally be 

classified as: 
i. Self-adjusting structures, including all sorts of rip-rap protection using concrete blocks or 

stones, as well as laid, slurry-filed geotextiles, concrete block layers bricks and non-
interlocking 

ii. Flexible structures – including joint blocks and sheets, cable netting and other mattress, 
pipe and interlocking of block layers Flexible structures. 

iii. Rigid structures, including asphalt paving and concrete pavement, pillows filled with 
concrete, coiled mattress, coarse rip-raps and soil stability 

Table 1 shows numerous erosion protection methods that have been introduced widely, 
including rip-rap, loose block, revetment, concrete slab, mattress, tube, gabions and geobag. It is 
going to be discussed separately in the next section. 
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Table 1: Various Type of Riverbank Protections 

Riverbank protection Concept Material Primary use 
Rip-rap Active measure Rock, Angular rock Stream bench 

Loose block Active measure Concrete blocks Riverbank 

Concrete Mattress Passive action Fabric Riverbank, under 
water 

Retaining Wall Active measure Concrete. Rock, steel Riverbank, river 
Geotube Partially passive action Geotextile Riverbank 

Gabion and Mattress Active measure Stones Riverbank, Stream 
bench 

Geobag/sandbag Partially passive action Geotextile Riverbank 
Geotextile Partially passive action Geotextile Riverbank 
Coir Mats Passive action Coir River, slope area 

Bioengineering and 
Vegetation Passive action Coir, Vegetation River 

3.1 Rip-Rap 

Riprap is the most widely used technical reinforcement against a bank to protect erosion  
since it is flexible, durable, easy to build and looks natural [8], as shown in Figure 4. Besides, 
riprap be able to absorbing wave and flow energy. Riprap usually consists of large angular rocks 
dumped or placed by a hand on the stream bench to protect the stream against erosive power. 
Hossain, Saha and Rahman [9] stated that in many situations, riprap can be extremely effective. 
It consists of durable stone, typically between 10 and 50 cm in size and usually has a mass of 10 
to 500 kg. Riprap commonly placed in one, two, or three layers on the banks. The form is round, 
cubical, tablet, angular or elongated depending on the quality of the rock. Angular, near-cubic 
stools are best suited for the building of riprap[10]. In addition, rock riprap is also used to protect 
bridge structures from fluvial erosion at road crossings. Moreover, riprap is offers an easy to use 
water velocity reduction and erosion protection method. Installation and maintenance are easy 
[11]. Meanwhile, it’s disadvantage are riprap is costlier than vegetation and the toe and end of the 
riprap can be expanded [10]. Moreover, riprap also cannot be constructed on a slope steeper than 
1V:1.5H. In addition, riprap is an expensive solution, particularly those associated with 
transportation and handling proses. 

 

Figure 4: Riprap system at the riverbank [9] 
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3.2 Loose Block 

Pre-cast concrete blocks are usually designed with a minimum strength with durable 
aggregates without reinforcement and are usually placed at the riverbank as shown in Figure 5. 
The concrete block used is flat, rectangular, joined together with a loose tongue and groove joint 
in such a way that the block can tolerate a little each other so that despite the minor shift of 
adjacent blocks, the top surface of the reinforcement remains relatively smooth. Thus, it requires 
an approximate sub-layer or filter layer. The concrete blocks are used extensively [12]. 
Furthermore, blocks can be made on-site with reasonable costs by local non-technical persons, 
and it is also challengging to handle or transport anywhere [6]. 

    

Figure 5: Concrete block used in riverbank [6] 

3.3 Concrete Mattress 

Concrete mattresses are composed of precast concrete blocks that are connected with steel 
rods or cables as shown in Figure 6. They are laid directly on the prepared slope ground suraface 
in a single layer. They are installed after joining together when they are empty and full of concrete. 
A result is a concrete unit with regularly spaced filter meshes. It forms a tubing string to fill sand, 
gravel, concrete or cement materials [13]. The seam can be suitably long-lasting conventional 
stitching or other appropriate fixation for fabric. Other systems consist of the areas between the 
bags that are porous and act as a filter. The time needed to build such protection is concise. 
Moreover, it enables concrete or gout to be placed underwater, however,  without significant risk 
of environmental pollution, if concrete is permitted to freely enter the river and marine environment 
freely. Furthermore, concrete mattresses do not require heavy machinery for installation and are 
normally used in the large river for complete coverage of riverbank with facilities for fines to pass 
throughAdditionally, the concrete mattress constructed provides a firm, durable, and aesthetically 
pleasing surface finish with a micro concrete compressive strength of up to 18 MPa. But it also 
had its own drawback, which usually leads to the deflection of the scour elsewhere. Smooth 
surfaces do not absorb the river’s erosive power, and the scour problem can be further 
exacerbated.  
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Figure 6: Bank protected by concrete mattress system 

3.4 Geotube 

Tubes are extended bags of textiles made of fabric, polymers, cable meshes or waterproof 
plastic pipes [6]. Geotextile tubing was used in the construction of long artificial island strips as 
cofferdams and containment dikes [14], as illustrated in Figure 7. The sand, gravel or concrete 
mortar are filled to the tubes. The container material must have an opening size that fits the filter 
grading [6]. The tubing in different diameters and lengths is available. They often lie side by side 
on a fabric of tissue through the bank path. Furthermore, numerous applications of coastal 
protective geotextile tubes for natural erosion processes like wave action, tides, currents and 
changes in marine levels have been suggested [14]. In addition, its maintenance costs were spent 
on the settlement issue, while leaking materials threatened sea creatures and damaged ecology. 
The damaged and settled geotextile tubes were not perfectly suited as coastal shields, with the 
tube height being reduced [15]. Meanwhile, Geotextile tubes also has benefits such as quick 
running, low cost, light weight, simple installation requirements and coastal protection efficiency, 
offered a good alternative for hard-engineering structures [15]. 

 

Figure 7: Geotextile tubes at riverbank [15]. 
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3.5 Retaining Wall 

Currently, more and more reservoirs/retaining wall have been built over permafrost as 
shown in Figure 8. In terms of the construction stability with respect to thermal regime and thaw 
settlement a significant number of field observations or theoretical estimates were made [16]. The 
problem has been handled by retaining the wall building. It protects the bank of the river. However, 
it is difficult to develop the river as a bank by the smaller areas on the shore. Moreover, the urban 
riverbank tends not to interact with water with the rigid and highly retainable walls. Based on 
history, access to the river is so easy that the relatively better quality of the water used to be a 
busy human activity center for washing, fishing and transportation. At the end of the 20th century 
however, the riverbank underwent many changes, including roads, which disturb environmental 
quality and comfort for all residents from publicly accessible open green areas to private [16]. The 
ecosystem functions as an eco-regulator for climate improvement, erosion control and waveflow 
in the vegetated riverbank [16]. 

 

Figure 8: Retaing wall at the riverbank [16] 

3.6 Gabion 

The gabion produced is usually a rectangular unit that can easily be stored in a range of 
geometry. In order to prevent corrosion, the gabion unit is produced using a wire covered with 
polyvinyl chloride. Gabions are available in various sizes for terrain and application conditions. 
The typical length of the gabion is 2, 3 and 4 metres. The widths are typically 1 m. The heights 
are typically 1 foot, a half meter and an e meter [17]. Gabions are usually filled with stones that 
require weather resistant qualities, non-friability, non-dissolving and high rigidity [18], as illustrated 
in Figure 9. As per requirement, the individual units are linked together. Gabions can be used to 
form retentions structures and mattresses for a cover layer to the surface, but a suitable filter layer 
is necessary. Another key thing needs to remember, is related it benefit of constructed the gabion 
which are it very porous, flexible, strong, durable, reliable, easy to build and environmentally 
friendly. Furthermore, the gabions have the main advantages often cited over other types of 
engineering structures with regard to their application to install on unstable foundations. 



Multidisciplinary Engineering Science and Advanced Technology Series 1                              
ISBN 978-967-2817-40-6 

2022 
 

49 
 

Meanwhile, one major criticism is that they are under-designed because of scour, carried away 
or become a risk [19]. 

 

Figure 9: Riverbank gabion with gabion cages [19] 

3.7 Geobag / Sand bag 

Geobags also know as a soil bags or sandbags are usually bags of highly resistant textiles 
that contain materials like gravel, sand and even building waste [20]. Thus, Bhuiyari [6] stated 
that the physical environment is characterized by (i) rapid flow of rivers and (ii) great depth of the 
river and (iii) fine, easy erodible soil and (iv) strong river instability where major rivers and bank 
erosion are constantly changing. Bhuiyari [6] also stated that a thick one-bag cover layer generally 
providing consistent coverage with small gaps between adjacent bags Furthermore, Geobag had 
many kind of advantage such as in term of weight it’s light, transportation also make it easily, 
compatibility with the environment and not need for the heavy construction equipment needed 
[20]. Figure 10 shows how geobag constructed at the riverbank. 

   

Figure 10: Construction of geobag at the riverbank [20] 

3.8 Geotextile 

As an alternative to synthetic products, natural products, such as geotextile materials (refer 
Figure 11), are gradually, but constantly recovering from their lost regime due to increasing 
environmental consciousness [22]. Geotextile, due to their typical operating characteristics and 
ecoconcordance, has emerged as a potential natural alternative to synthetic geotextiles for many 
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civil engineering applications. The geotextile was long-lived in the soil and water environment 
[23]. In addition to being more environmental friendly, geotextiles as a riverbank protection 
material are more long-termly stable than concrete. geotextiles But the improper design of 
geotextile revetments may result in significant riparian soil losses that could lead to failure. Many 
studies on erosion behaviour, but most focusing on only one directional flow behavior have now 
been completed. geotextile revetments. Geotextile revetment actual flow behavior is quite 
complicated and can be classified into a uni-directional, cyclic and tangential flow areas. 

 

Figure 11: Construction of geotextile at the riverbank [24] 

3.9 Coir Mats 

Coir blankets have an open fabric design that makes it possible to place the riverbank 
stabilization option directly along the coast [25], as illustrated in Figure 12. The mats have different 
open fabric sizes, depending on the pitch of the banks in the project area. The less the openings 
of the tissues, the steeper the path they can use. Coir covers is a versatile erosion control product 
also known as coir matting. Dept. of matting options or sizes may be better than others depending 
on the path and the water flow in your location. There can also be a combination of these two 
materials to support bank erosion. 
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Figure 12: Bank protected by coir mat system 

3.10 Bioengineering and Vegetation 

This method employs living vegetation and woody materials  to stabilise banks as shown in 
Figure 13. The matting of coirs installed for the soil surface offers ample opportunities for 
vegetation growth and Coir biodegradation was studied based on the ultimate tensile strength of 
the field matting [25]. Even degraded geotextiles make an organic contribution soil composition 
and vegetation-enhancing. Grass length, weed intensity, uniformity and grass density were 
considered as vegetation growth measures. Bioengineering methods are frequently less 
expensive in terms of materials, labour, and maintenance. However, vegetation require time 
(several seasons) to establish, but once established, they are self-sustaining and regenerate. 

 

    

Figure 13: Installation of Bioengineering and Vegetation at the riverbank [25]. 
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4.0 POTENTIAL OF GEOBAG AS A RAPID PROTECTION STRUCTURE TO THE 
RIVERBANK AND COASTAL EROSION 

 Geobags is not new to the riverbank protection structure and have been used widely around 
the world. This technology has been in the world for protection structure in riverbank erosion since 
1999 due to its more straightforward installation and maintenance works, cost-effectiveness, and 
excellent technical performance. This made them widely popular recently as a secure and fast 
defensive element, primarily mostly as emergency structure protection at various locations, either 
as permanent or temporary structures. In many parts of the world, for example, in Australia and 
Germany, successful Coastal Protection Structures using geobages are found [26]. In the same 
way, the Changzhiang River (China) and the Jamuna and Meghna Rivers (Bangladesh) are also 
protected from geobags as erosion measures [27]. 
 Geobag is categorised as geosystem that also known as soil bags, sand bags, geotextile 
bags, or containers were made typically from polymer, including polyester, polypropylene or 
polyethene as shown in Figure 14. Geobag is designed to fill with local soil, sand or gravel [20].  
Akter et al., [26] also reported that the concept of using earth-filled bags (geobags) as hydraulic 
or river permanent systems had been operation for more than 20 years. 
 The use of geobags in "launch" or "fall" aprons to prevent the damage by scour toe to the 
protected bank pitches. This incipient geobag motion is shown on the banks of the river [27]. 
Moreover, geobags also found many other applications in engineering projects as temporary and 
permanent structures [20]. To elaborate more, various projects used geobags as alternatives for 
temporary tasks in the majority as an emergency or falling apron. These developments have not 
received systematic reporting, although work has resisted all loads in some places in the last 10 
years [28]. 

Geobag can provide adequate resistance to flow forces acting on a riverbank surface as 
a flexible cover layer. In addition, Geobags were discovered as a potential solution to the riverbank 
erosion in sand-bed rivers. Thompson [29] claimed that the performance of the geobag 
installations generally attributed to unique characteristics of the geobags, particularly the 
resistance of geobags to the winnowing of the self-launching, underwater front due to its flexible 
and porous structure.  

 

    
Figure 14: Riverbank protection with geobags [6] 
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Another critical thing also need to remember is related to its design which is the small-
scaled bags were used, with a size of 103 × 70 mm to replicate a 1.03 × 0.70 m, 126 kg field 
bags, with the rectangular shape [29]. The material filled is sand-filled geo-bags can be provided 
at a much lower cost. The performances of geo-bags as the material for the launch and 
comparison of their behaviour with other traditional hard materials indicate that geo-bags are an 
alternative material for apron use [6]. 

Furthermore, Geobags' main advantages include its availability and easy deployment. 
Geobags are readily available (when empty) and transportable and can be easily/quickly filled 
with local sand and formed to fit specific applications by a range of sizes. Furthermore, it also 
provides lower installation and maintenance costs, low weight equipment, reduced building space, 
transport costs, reduced energy consumption [29]. In addition, it also provided environmental 
compatibility because no chemical is used, and no noise during construction [20].  

5.0 CONCLUSION  

Riverbank and coastal erosions are a severe concern and an endemic natural hazard. Thus, 
the eroded banks require sufficient erosion protection to avoid further failure and the loss of 
valuable property, thereby posing a threat to the closest residents. Numerous erosion protection 
methods, including riprap, retaining wall, concrete mattress, gabion and mattress, loose block, 
geotextile, geotube, and bioengineering and vegetation have been reviewed in this paper, along 
with their limitations. However, some of these methods are limited by technical feasibility, the 
difficulty of handling, the high cost of the process, and time constraints. They also are not suitable 
for emergencies situation. This paper realised that geobag could protect riverbanks and coastal 
areas, especially for emergencies, due to easy, rapid, and cost-effectiveness construction. 
Besides, the physical of geobag container, including shape, thickness and porosity also play a 
significant role that makes them stable underwater and wave impacts. 
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ABSTRACT 

Material requirement planning (MRP) is one of production planning and control (PPC) concept 
used for short-term scheduling. Sibawaih Ventures faced problem in handling customer order 
when their business receive more order than usual. A case study is conducted to T-shirt A 
production to assist Sibawaih Ventures in planning their production. By studying product structure 
of T-shirt A and dependency of each part, as well as lead time required to complete T-shirt A, 
MRP schedule is generated. MRP schedule shows that, Sibawaih Ventures can produce 800 t-
shirts in 7 days time, thus, customer orders can be met in a timely manner. MRP schedule 
provides all information provided by production people to run production, while management can 
use MRP schedule to control and monitor production accordingly. 

Keywords: material requirement planning, operation management, production planning and 
control 

1.0 INTRODUCTION  

Material Requirement Planning (MRP) is a method for finding planning solutions that match 
supply and demand (internal and external), while taking lead times into account. It is a short-range 
plan which involves scheduling techniques that help managers in arranging short-range activities. 
According to Segerstedt [1], MRP aims to keep projected inventory on hand low for all items, in 
order I= 1, 2, N for all time periods during the planning horizon. The lot-sizing technique used and 
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the projected inventory on hand must not be less than the current safety stock [2]. To conduct 
MRP, bill of materials (BOM), lead time, inventory data, and purchasing data are required [3]. 

Sibawaih Ventures is a t-shirt printing company and design services located in Sungai 
Buloh, Selangor, Malaysia. The products range includes ready-made round neck t-shirts, collar t-
shirts and Polo t-Shirts, customized t-shirts and corporate uniforms. The company was founded 
in 2017 by Muhammad Daud bin Nordin. This business was helped by his wife Ayuni. T-Shirt 
printing involves various complex techniques like screen printing, embroidery or heat transfer to 
print a unique customized t-shirt. Sibawaih Ventures, being a leading customized t-shirt supplier 
provides best in customized t-shirt printing solutions for daily needs. The company aims at 
providing unparalleled customer satisfaction by making customized t-shirts for both men and 
women that prove to be an ideal choice for any individual, team or an organization. 

At the beginning of developing this business, this company took pre orders only through 
close friends, producing about 100 t-shirts a week. However, now the company can make 100 t-
shirts in daily basis. The company also provides design services with a total of two graphic 
designers in the company. 

1.1 PROBLEM STATEMENT 

High demand requires high production on t-shirt printing rate from the industry. The average 
of t-shirt printing produced by Sibawaih Ventures is 300 for 3 days. Mostly the customer will create 
their own design to print and choosing the size that needed. This project is aware of the customer 
demand with require short time, some customer order too many t-shirts to print and demanding 
time to be done in a short time. When there are many orders from customer, the time require to 
produce the shirt printing are too long. Moreover, mostly the t-shirt supplier is also causing 
problem to the company which they delay the time for delivery of t-shirt stock. The stock arrive 
late will cause delay in t-shirt printing process. From the current situation, mostly delivery services 
some time delay the parcel that need to be deliver to the customer. For example, when they need 
to post out their customer order to Sabah Sarawak needed more time to delivery. By implement 
the MRP method can help to solve the problem for t-shirt printing process. MRP method used in 
the production process which analyses current inventory levels vs production capacity and the 
need to manufacture goods, based on forecasts. MRP schedules production as per bills of 
materials while minimizing inventory [2]. 

1.2  OBJECTIVES 

The main goal is to satisfy the customer's demand during the t-shirt printing process as 
much as possible. The goal consists of these objectives: 

1. To study the solution that suitable to achieving the customer's time demands on time 
during processing the printing shirt. 

2. To investigate the optimum solution by implement production planning control during 
shirt printing. 
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2.0  METHODOLOGY 

In this section, we will go through step-by-step in MRP to solve the problem. T-shirt A is 
used as the case study in this project. Firstly, bill of materials of T-shirt A need to be identified 
which is presented in a form of product structure and time-phase product structure. From the 
information gathered, an MRP is generated. An assumption of no inventory on hand is made in 
this project, thus the generated MRP is known as gross MRP. 

2.1 Product Structure 

Figure 1 reflects the product structure to produce 1 unit of T-shirt A according to the following 
information, which consisting of several parts. Each unit of A requires two units of raw t-shirt (B) 
and one unit of plastisol ink (C). Each unit of B requires two units of water-based ink (D) and one 
unit of special effects ink (E). Each unit of C requires three units of packaging box (F) and two 
units of design (G). This product structure components and dependency of each component to 
each other. 

 

Figure 1: Product structure of T-shirt A 

By using this product structure, the number of units of each part can be identified. In this 
project, 800 units of product A is targeted, thus, the number of units of each part required is shown 
in Table 1. 

Table 1: The number of units required for each part 

Part Calculation Results 
B 2 times number of A = 2(800) 1600 
C 1 time number of A 800 
D 2 times number of B = 2(1600) 3200 
E 1 time number of B 1600 
F 3 times number of C = 3(800) 2400 
G 2 times number of C = 2(800) 1600 
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2.2 Time-phase Product Structure 

A time-phase product structure emphasizes lead time of producing each component to 
complete a product. Figure 2 below represents the time-phase product structure of T-shirt A by 
considering the following information. A takes two days to make, B takes one day, C takes two 
days, D takes two days, E takes 4 days, F takes two days, G takes one day. As a result, total lead 
time to produce T-shirt A can be identified, which is 7 days. 

 

Figure 2: Time-phase product structure of T-shirt A 

2.3 Gross MRP  

From the dependency of each part and the number of units for each part in product structure, 
and lead time for completion of T-shirt A in time-phase product structure, gross MRP is generated, 
as shown in Table 2. MRP schedule conveys message to production people that 100 units of Part 
E should be prepared first, followed by 2400 units of Part F and so on. Thus, MRP can provide 
clear information and direction to production people on what part to initiate, how long each part 
should be finished, and what to do next. When MRP is followed accordingly, Sibawaih Ventures 
will be able to meet customer order of 800 units T-shirt A in 7 days-time. 
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Table 2: MRP for T-shirt A 

 

3.0 DISCUSSION 

Based on the result provided using MRP method, there are some reasons why the selected 
method was used. MRP systems allow the company to plan and schedule production efficiently; 
making sure materials move through the work order quickly and helping business fulfil customer 
orders on time. 

MRP helps Sibawaih Ventures to achieve the target in which need to produce 800 units of 
t-shirt without delay. The MRP calculates, using the specified inputs, how much materials or parts 
required to complete the project and when to start each process. With this information is defined, 
MPR allows companies to perform production in just-in-time (JIT) based on material availability. 
Inventory levels and transport costs are thereby minimized, as the inventory is not kept for future 
production in warehouses but arrives when needed with optimum quantity. By planning the arrival 
and production of products, companies may transport material without delay through the workflow 
process.  

MRP will assist manufacturing facilities in improving their customer satisfaction by 
decreasing expenses associated with holding excess inventory and ensuring that materials are 
available on time for production. Customers are more likely to buy from the seller again if they get 
high-quality goods in a timely manner at the lowest possible price. 

4.0  CONCLUSION  

In conclusion, MRP is one concept of production planning and control (PPC) aiming at 
improving the timely production and delivery of order, having better supplier communication for 
raw materials procurement, reducing investment in inventory, and reducing production cost by 
increasing efficiency. MRP is a system that helps manufacturers to plan, schedule, and manage 
their inventory during the manufacturing process. The initial step of the MRP process is 
determining customer demand and the requirements to meet it. Then checking demand against 
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what already have in inventory. The MRP then distributes resources accordingly. In other words, 
MRP allocates inventory into the exact areas it is needed.  

The process of t-shirt printing by using MRP method help to simply calculate the amount of 
time and labour required to complete the order. Lastly, by using MRP method can automatically 
alert managers for any delays and even suggest contingency plans to meet deadlines. 
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ABSTRACT 

Quarrying is valuable to society because its products are used to build roads, buildings, and other 
infrastructures that people depend on. The condition or environment and safety in the workplace 
especially in quarry industries should always pay attention to avoid any injuries, accidents, or any 
conflicts which at least reduces the seriousness of the conflict. The purpose of this study is to 
improve the workflow of the production in the company. Also aimed to study the workflow of 
production and analyzes the safety issue regarding the workplace. This study focused on the 
improvement of the factory design in XYZ Quarry product Sdn. Bhd related with safety. The 
improvement of layout involved the minimization of transportation cost, the relevant distance and 
time need is 3360 tons per day, and relocated the structure of the production process. The results 
are also concerned with improving safety in the workplace. In addition, the improvement of layout 
can reduce the cost of production. Besides, the safety improvement can help to reduce the 
medical cost for workers’ health care and improve the well-being of the workers.  

Keywords: Layout planning, quarry, safety improvement. 

1.0 INTRODUCTION  

The XYZ Quarry limited or formerly known as XYZ Quarry PLC is one of the largest 
producers of aggregates and asphalt nationwide holds a strong market position in ready-mix 
concrete and asphalts productions. This company is founded in 1964 as XYZ Quarry Trust Ltd by 
James XYZ Quarry which has its headquarters in London, England and expanded throughout 
many countries worldwide including Malaysia and Australia. In May 2007, XYZ Cement Group 
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based in Germany announced its intent to purchase XYZ Quarry PLC shares for £11 per share, 
a deal worth approximately £8 billion or RM42.60 billion in today's money. 

This major investment deal made by XYZ Cement Group make both together company the 
second-largest cement and building materials company in the world. The transaction was 
completed through XYZ Cement Group subsidiary Lehigh UK on 22 August 2007 which makes 
the total revenue worth more than $32 billion. In late the year 2014, XYZ Cement Group which 
owns the XYZ Quarry Building Products division agreed to sell their shares to the private equity 
firm Lone Star that are founded by John Grayken in 1995 for £900 million.  

Through their local industry experience that is very extensive and has a leverage of the 
global expertise as this is part of the XYZ Cement Group, which operates across five continents 
including Malaysia. The company's main vision is to be Malaysia’s number one aggregates 
company supported by first-class concrete, asphalt, and logistics operations. XYZ Cement Group, 
main goals are to achieve local and global recognition for excellence through their key values of 
safety, high performance, innovation, respect, integrity, and sense of ownership. 

XYZ Cement Group has been active in Malaysia since the acquisition of XYZ Quarry in 
2007.  XYZ Quarry Products Sdn. Bhd is one of the leading producers of quality aggregates and 
asphalt industries and owns a leading market position in ready-mixed concrete. It has over 1,800 
employees and contractors throughout Malaysia. XYZ Quarry Malaysia manages 17 strategically 
well-located quarries producing aggregates throughout the whole of Malaysia, 17 asphalt plants, 
and 43 ready-mixed concrete plants serviced by approximately 340 mixer trucks. 

To ensure the maximum production in quarries and to minimize the overall stripping ratio, 
the steepest feasible overall slopes are generally required. The first step in the design of such 
slopes is to identify the maximum overall stable slope angle for the depth of operation projected. 
All materials that are to be excavated must be considered. Besides, many quarry slopes are 
benched, and the overall slope angle is dependent on the relationship between width, height, and 
face angle of the benches generally lower for those faces with a haul.  

In addition, the design of the quarry floor should also be considered, particularly where the 
floor is steeply dipping or where aquifers underlie the floor (which may give rise to heave). 
Justifiably, quarry slope design should be conservative (i.e. appropriate Factors of Safety are 
considered). Once the site begins development, additional information will become available from 
the working faces that may be used to revise and/or increase confidence in the designs. While 
detailed designs must be rigorously prepared, they must not be considered as final and must be 
able to accommodate changes arising from additional information or changing circumstances on 
site. 

Therefore, the main objective of this study is to make improvements to the workflow of the 
production in the company. This study mainly focuses on the improvement of the factory design 
layout in XYZ Quarry products Sdn. Bhd. Besides, this study also aimed to study the flow of the 
production process and analyze the safety issue regarding the workplace. 

2.0 LITERATURE REVIEW 

The quarrying sector is critical to society since its products are used to construct roads, 
buildings, and other structures that people depend on [1], [2]. It can be said that a quarry is where 
rocks, sand, or minerals are extracted from the surface of the Earth. In other words, a quarry is a 
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big man-made hole in the ground from where minerals or rock are taken out [2]. A quarry is a type 
of 1imine called an open-pit mine (or called strip mine, surface mine, opencast mine) since it is 
open to the Earth's surface [3]. Quarrying is the process of removing rock, sand, gravel, or other 
minerals from the ground to use them to produce materials for construction or other uses [4]. 

2.1 Quarry Process 

The general operation of the quarrying process is started with the site visit till the end of the 
crushing process as shown in Figure 1. There are 6 stages involved in quarrying operations as 
shown in Table 1. 

 

Figure 1: General operation of the quarrying process  

START 

Site face survey 

Drilling the shot holes 

Checking the holes 

Detonating the explosives 

Blasted rock to be 
transported 

Crushing 

END 

Charging the holes with 
explosives 

Stemming the top hole 
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Table 1: Quarrying operation 

Stage 1: Quarry 
Face Development 
The operation of 
the quarry has 
been started with 
the use of 
excavators and 
dump trucks to 
remove the 
overburden 
(removing 
vegetation and 
surface soil) to 
expose the 
underlying 
bedrock. The 
removal of the 
overburden is 
usually done at the 
same time as the 
development of the 
quarry to ensure 
that the best 
working area is 
achieved [5], [6]. 

Step 1: Removing 
overburden 

 

Figure 2: Removal of the vegetation or mud before drilling 
and blasting 

 

Figure 3: Benches are created on rocks for rock mining 
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Stage 2: Drilling 
and Blasting 
After the first stage, 
the quarry 
manager will use a 
drilling machine to 
drill holes for 
charging 
explosives on the 
bedrock. A 
licensed shot-firer 
will explode the 
bedrock, and then 
transport the 
resulting rock 
fragments for 
crushing [7]. 

Step 1: Drilling 

 

Figure 4: Highly specialized crawler drill is used for the 
bedrock drilling 

Step 2: Charge the 
Explosive 

 

Figure 5: Filling of explosives into the drilled hole 
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Step 3: Blasting 
(usually use bench 
blasting in 
quarrying) 

 

Figure 6: Bench blasting process 

Figure 6 shows the process of bench blasting. This method 
involves inclined, vertical, or horizontal blast holes drilled in 
single or multiple row patterns to depths ranging from a few 
to 100 feet or more, depending on the desired bench height 
[8]. 

 

Figure 7: Blasting work is in progress 
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Step 4: Preparing 
Transportation 

 

Figure 8: These blasted rocks are ready to be transported 
for crushing 

Stage 3: Loading 
and Transportation 

 

Figure 9: Loading process 

Figure 9 shows the blasted rocks are loaded into a dump truck to the crushing plant 
by hydraulic excavators or wheel loaders [9]. 
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Stage 4: Breaking 

 

Figure 10: Breaking process 

At the crusher plant, the blasted rock is reduced to the required size as shown in 
Figure 10. The crusher plant usually consists of 3 parts: primary crusher, 
secondary crusher, tertiary crusher, and (in some quarries, require a quaternary) 
[10]. 

 

Figure 11: Crusher plant  
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Figure 11 shows the crusher plant. Screens are used to divide stones into graded 
sizes for ultimate use in infrastructure and building construction. Stones that do not 
meet the graded size will be returned to continue further crushing so that it meets 
the demand which is the particular graded size of the finished product and will then 
be stacked according to their graded size [6]. 
 

Stage 5: Sales 
Loading 

 

Figure 12: Sales loading process 

Finished quarry products are shipped to end-users as shown in Figure 12, 
including real estate developers, premixed concrete manufacturers, and 
construction companies. 
 

Stage 6: Sales and 
marketing 

The aggregates are then sold for the development and maintenance of road and 
rail infrastructure and construction. 
 

 
2.1.1 Advantages and Disadvantages of Uses of Mechanical Handling  

 Mighty machine, excavator, and conveyor system are some of the mechanical handling 
used in quarry. Mechanical handling is important because of heavy load (large size / very large 
load), variations in loads shape, and speed up the work process [11]. Table 2 shows the 
advantages and disadvantages of mechanical handling.  

Table 2: Advantages and disadvantages of mechanical handling 

Advantages Disadvantages  
• Ease the task/job 
• Speed up the work 
• Reduces ergonomic risk to the employee 
• The equipment can reach the ‘difficult to 

reach the area 
• Increase in productivity 

• Requires competent operator 
• Handling of some mechanical equipment 

requires Certificate of Fitness 
• Equipment needs maintenance 
• Increase of initial cost 
• Equipment can increase the risk related to 

safety and health 



Multidisciplinary Engineering Science and Advanced Technology Series 1                              
ISBN 978-967-2817-40-6 

2022 
 

71 
 

2.2 Maintenance of Equipment 

No periodical inspection and maintenance are examples of how causes of defects of 
mechanical handling or equipment can occur at any time. Hence the maintenance of the machine 
is an extremely important job and should be taken into serious consideration to avoid accidents 
from happening. Full-time staff must be required on daily duty inspection of the machine. 

The rotating shaft of machines bears the full load and it directly affects the machine. So, 
good lubrication on the required parts of the machine which is the rotating shaft can be done to 
increase the bearing life. To increase the machines’ life, the lubricating oil-injected should be 
checked to make sure it is clean. The seal must be in good condition so that there is no occurring 
of contamination within the lubricating oil. Besides that, a newly installed wheel band is easy to 
spoil. Therefore, it should be checked frequently as well. Workers should pay more attention to 
all parts of the machine to make sure they are working normally, and the production rate is always 
at the top form. Next, workers should also always pay attention to parts of the machine that are 
prone to wear and tear and do replacements as soon as possible to avoid conflicts or at least 
reduce the seriousness of the conflict. If there is any impact sound during the operation of the 
rotating gear of the machine, workers should stop the machine from working immediately and 
proceed to make a checkup. If the temperature of bearing oil rises, machines should be stopped 
and checked for its causes [12]. 

2.3 Methods for Hazards Prevention and Control 

Vehicles (machines) overturning, fallen objects from an elevated area, collapse in the 
working area (quarry sites) are some of the hazards. To reduce the impact of hazards on people, 
some suggested methods are [13][14]: 

i. Conducting periodical inspection to machinery and its component  
ii. Establish periodical maintenance plan for machines  
iii. Establish safe work procedures for handling activities  
iv. Select appropriate and competent employees  
v. Provide training to selected employees  
vi. Supervise the execution of job  
vii. Fence the working area as shown in Figure 13.  

 

Figure 13: Quarry face edge protection installation 
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viii. Put warning signboard (to warn other employees about the hazard at the designated area) 
ix. Install safety devices at the machines as shown in Figure 14.  

 

Figure 14: Excavator with falling object protection provided 

x. Use an effective communication system   

3.0 RESULTS AND ANALYSIS  

3.1 Facility Layout Planning and Workplace Safety Improvement 

Facility layout is an arrangement of everything needed for the production of goods or 
delivery of services. A facility is an entity that facilitates the performance of any job. It may be a 
machine tool, a work center, a manufacturing cell, a machine shop, a department, a warehouse, 
etc. It means planning for the locations of all machines, utilities, employee workstations, customer 
service areas, material storage areas, aisles, restrooms, lunchrooms, internal walls, offices, and 
computer rooms. This is for the flow patterns of materials and people around, into, and within 
buildings. 

3.2 Improvement of Layout Planning  

3.2.1 Minimize cost transportation 

Cost can be significantly reduced between the mixing machine area and the raw material 
collection area. This is because the time taken for the lorry to travel from the blasting site is around 
5 minutes and may depend on condition and weather. If the weather is too bad, the hauling of the 
raw material will be stopped, and delays will occur. This is for safety concerns and to avoid any 
accident. Reducing the cost of the time taken for the truck to haul will also reduce the amount of 
fuel needed to supply to the factory for refueling the truck and machinery. Thus, this method also 
will provide more profit to the company by reducing the transportation cost. 

3.2.2 Relevant to Distance and Time 

Time and distance are related because the closer the distance, the lesser the amount of 
time consumed for items to be delivered from destination A to B. For instance, if the time taken 
for the truck to haul from blasting site is more than 5 minutes and reduce it to not more than 3 
minutes, this will increase the travel cycle of lorry thus increasing the amount of raw material 
delivered to crushing machine. 
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The number of the trips per 8-hour shift when 
the time taken is 5 minutes 

= 8 x (60/5) 
= 96 trips 

Total load per day = 21 tons x 96 
= 2016 tons  

The number of the trips per 8-hour shift when 
the time taken is 3 minutes 

= 8 x (60/3) 
=160 trips 

Total load per day = 21 tons’x 160 
= 3360 tons 

Based on the assumption calculation above, if the time is reduced to 3 minutes, the 
percentage of the trips will increase by 62.5 % so as the total load per day. This proves that when 
the time taken to haul load is reduced, the higher the rate of delivery of raw materials. 

3.2.3 Relocate between mixing machine and raw material 

Shortening the distance between the machine and the area can improve the productivity of 
the product outlet even if it was by a fraction of a second. This method of improvement can be 
done by relocating the stockpile of the raw material closer to the asphalt mixing machine as shown 
in Figure 15. 

 

Figure 15: The location of the drum mixer and crushing machine 

By relocating the crushing machine closer to the drum mixer, the time taken for the loader 
machine to feed to raw material to the drum mixer can be reduced. At the same time, the fuel cost 
is also reduced. This improvement will make the operator job easier thus the production of the 
premix asphalt higher. Finally, it will increase the profit of the company. 

Crushing machine 
or raw material 

storage site 

Drum mixer 
(asphalt mixing 

machine) 
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3.2.4 Improving safety of workplace  

The major concern of mining and quarries industries is safety because this sector is one of 
the most dangerous jobs due to health and safety risks. XYZ Quarry products Sdn. Bhd already 
has their safety standard that prioritizes the employee’s safety. The basic regulation of this 
company is based on Factory and machinery act (FMA) and occupational safety and health acts 
(OSHA) [15], [16]. Due to those regulations, the company has provided the employee with safety 
equipment as shown in Table 3.  

Table 3: List of safety equipment and descriptions 

Equipment Descriptions 

 

 
Figure 16: Hard hat 

This type of helmet is predominantly used in 
workplace environments such as industrial 
or construction sites to protect the head from injury 
due to falling objects, impact with other objects, 
debris, rain, and electric shock. Suspension bands 
inside the helmet spread the helmet's weight and 
the force of any impact over the top of the head. 

 
Figure 17:Leather safety gloves 

The leather can resist sparks and moderate heat. 
The risk of cuts and abrasions also can be 
minimized by wearing leather gloves. 
 

 

 
Figure 18: Steel-toe boot 

A durable boot or shoe that has a protective 
reinforcement in the toe that protects the foot from 
falling objects or compression, usually combined 
with a mid-sole plate to protect against punctures 
from below. Although traditionally made of steel, 
the reinforcement can also be made of 
a composite material, a plastic such 
as thermoplastic polyurethane (TPU), or 
even aluminum. Steel-toe boots are important in 
the construction industry and many industrial 
settings.  

https://en.wikipedia.org/wiki/Construction
https://en.wikipedia.org/wiki/Boot
https://en.wikipedia.org/wiki/Shoe
https://en.wikipedia.org/wiki/Toe
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Composite_material
https://en.wikipedia.org/wiki/Thermoplastic_polyurethane
https://en.wikipedia.org/wiki/Aluminum
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Figure 19: Safety vest 

A type of personal protective equipment (PPE), is 
any clothing worn that has 
highly reflective properties or a color that is easily 
discernible from any background. Occupational 
wearers of clothing with high-visibility features 
include railway and highway workers, airport 
workers, or other places where workers are near 
moving vehicles or in dark areas. 

 

 
Figure 20: Vapor respirator 

This equipment is very important due to health and 
safety concerns to the employee. Wearing 
respiratory protection may seem inconvenient, but 
airborne particles and contaminants can cause 
both short-term and long-term health problems if 
proper use and care of respirators are not 
exercised. Respirators protect employees from 
areas with insufficient oxygen, harmful dust, fogs, 
smoke, mists, gases, vapors, and sprays. These 
hazards may cause cancer, lung impairment, other 
diseases, or death. Always wear respiratory 
protection where required at the workplace [17]. 

 
3.2.5 Clear out distraction 

Distraction is one of the hazards that would better be eliminated to avoid any harm to 
workers and employers when conducting work activities. The major distraction of the quarry is the 
uneven surface. By removing or clearing this obstacle, the production can be done faster and 
more efficiently due to the reduction of traveling time of the working machine. 

From observation during the site visit, the major distraction that had been found are the 
hauling road is curvy and very dangerous as shown in Figure 21. To improve it, the management 
department should rearrange or reconstruct the road to make sure it is safer and easier to drive 
by the truck operator to make sure their safety is taken care of. Figure 22 showed the improvement 
of layout   

https://en.wikipedia.org/wiki/Personal_protective_equipment
https://en.wikipedia.org/wiki/Clothing
https://en.wikipedia.org/wiki/Reflection_(physics)
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Figure 21: Existing layout 

 

 

The arrows show the route 
that need to be used when 

hauling the raw material 
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Figure 22: Improvement of layout   

4.0  DISCUSSION   

The improvement of safety in the workplace can help to improve the well-being of the 
worker. This is to ensure there is no major issue regarding the safety and health of the worker 
during working hours. Besides, the improvement will also reduce the medical costs for workers' 
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health care as a result of work-related injuries or accidents. Based on the observation, it was 
found that most employees and contractors are well dressed and equipped but there has been 
some improvement that needs to be applied in the crushing department. This is because the 
ventilation in the crushing department is important to ensure the safety and health protection for 
all workers to avoid any kind of serious health issue from excessive dust inhalation. This issue 
may be caused by lung cancer or even failure due to harmful dust particles.  

Besides, another concern for the employee especially truck drivers is when hauling raw 
material from the blasting site to the crushing machine due to the road being very steep and not 
well guarded. The improvement for this situation is to provide some guidance or even has some 
expert to train and supervise them due to the condition of the past hauling site. Make sure the 
truck driver is well trained and has a lot of experience to avoid any accidents.  

According to the analysis, the benefits of workplace improvement on the maintenance can 
reduce the cost of replacement equipment and the labour cost. It was also can long last the 
condition of the machine which can reduce the time of service or replacement. Moreover, this 
improvement will prevent any delay or shutdown due to faulty machine or equipment errors. The 
improvement also can ensure the safety of the workers when handling the machine and 
equipment.  

Furthermore, the improvement of layout and design will help to reduce the cost of production 
by decreasing the transportation time. Also, will reduce the fuel consumption when hauling the 
raw material to the drum mixer and crushing machine. Lastly, the improvement can help the 
company to generate more income or profits from the selling of the products, especially pre-mixed 
asphalt and raw granite stone due to a reduction in the cost of transport and increase in production 
rate. 

5.0 CONCLUSION  

In conclusion, the layout and design, the safety of the workplace, and the maintenance of 
the machine are the improvements that can be done by XYZ Quarry products Sdn. Bhd. 
Considering the layout and design, the fuel consumption for hauling and transportation time will 
affect the production cost and production time. Besides, the Improvements in layout and design 
will increase the profit and product quantity. In addition, by considering the safety of the workplace, 
the safety and health of the worker will affect the number of accidents in the working area and 
might be caused delays in the production time. Improvements in the safety of the workplace will 
reduce the medical expenses on worker health care from injuries or accidents related to work. 
Furthermore, the money reduced can be used to provide proper protective equipment such as 
dust masks, proper training for workers, and to hire some professionals to supervise the working 
area. Lastly, the consideration of the maintenance of the machine, the faulty of the machine will 
affect the cost for replacement of a machine and delay the production time. Maintenance of a 
machine in a given time will prolong the service time (lifetime) of the machine and also reduce the 
extra cost spent for a new machine. 
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ABSTRACT 

The study aims to design a new control vibration for slab track-bridge LRT railway system. This 
study used vibration methods by apply and analysis free and forced vibration of multiple degree 
of freedom and to control vibration in LRT railway system by using computation method as 
develop numerical solution, simulate the mode shape and natural frequency. This study as an 
alternative way were determined via extensive investigation that the majority of the country's 
railways transport had a similar problem caused by the railways, which is vibration and noise. To 
determine the three main unknowns, which are the mass, m, spring constant, k, and damping 
coefficient, c, followed by formula calculations. These values can be found, which are the Free 
Body Diagram (FBD), Equation of Motion, and Matrix Form of the system, as well as the Mode 
Shape of the Vibration Graph. MATLAB computer programming is used to generate vibration 
graphs. The velocity was found to be roughly 4.27mm/s, which is within the nomograph's 
threshold range of 3mm/s to 5mm/s. Since the value obtained from calculation which is 4.27mm/s 
within the threshold range, this vibration system is considered to be safe to use in the LRT station 
without any structural damage to occur. 

Keywords: Railway, Slab, Vibration, Damping, Noise 
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1.0 INTRODUCTION  

LRT can call as light rapid transit; it is one of railway transport in Malaysia. Railway is one of the 
types of all the transport that providing efficient and clean mass transit, it also counted as 
environmental-friendly transportation. Railway operation causes noise and vibration problem, due 
to the problems it become administrative, public and technical concern. Most of the railways are 
placed on o under a bridge and causes vibration on the bridge and all buildings that surrounding 
with the bridge. The vibration is form by the excitation between roughness on the wheel and rail. 
In order to solve these two problems, slab track structure has been invented and it is widely 
applied in the railway transport. The advantages of the slab track is low cost, good control of trck 
irregularity and long service life. The objective is to design a new control vibration for slab track-
bridge LRT railway system, to use appropriate vibration methods by apply and analysis free and 
forced vibration of multiple degree of freedom and to control vibration in LRT railway system by 
using computation method as develop numerical solution, simulate the mode shape and natural 
frequency. 

2.0  LITERATURE REVIEW 

This design is to investigate the current problem that occurs from all the railways transports 
and current solutions for it. It driven into five primary solution in this research (Figure 1). Before 
start to talk about the solution through all the research found that most of the country railways 
transport have the similar problem that causes from the railways which is vibration and noise.  

 

Figure 1: Few types of countermeasures used to reduce the noise and vibration in the railways 
[1] 
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2.1 Pandrol Vanguard System 

This type of fastening system was invented to reduce the vibration and noise and used at 
the small tunnel (Figure 2). That was a vibration test on the small tunnel and the result is shown 
at Figure 3.  

 

 

Figure 2: Pandrol Vanguard fastening System 

 

Figure 3: Result of the performance of Pandrol Vanguard fastening system.  
(It only shows the frequencies higher than 25 Hz) 
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Pandrol Vanguard fastening was installed in the tunnel from the half until the trial site to 
measure the rail deflection of (lateral and vertical) and acceleration of (rail, tunnel invert and lateral 
and vertical tunnel wall).  

2.2 Railway Vibration Absorber 

Figure 4 and 5 shows the cross section of the absorber and the railway and the rail absorber 
and the railway track model. 

 

 
 

Figure 4: The cross section of the absorber and the railway 
 

 

Figure 5: The rail absorber and the railway track model 

 
𝒎𝒎𝟏𝟏 𝑎𝑎𝑎𝑎𝑎𝑎 𝒎𝒎𝟐𝟐  are the upper mass and lower mass of absorber. 
𝒌𝒌𝟏𝟏 is the stiffness of elastomeric layers between the rail and bottom mass. 
𝒌𝒌𝟐𝟐 is the connection between the upper and lower mass of the stiffness of the elastomeric. 
𝒌𝒌𝟑𝟑 is the connection between the rail and the upper mass of the elastomeric. 
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First order vibration mode. The upper and the bottom masses of the absorber oscillate up 
and down in phase. Second order vibration mode- It oscillate out of phase (Figure 6). 

 

 
 

Figure 6: Absorber mass m1 and m2 vibration transfer ratio from the rail 
 
The 1st resonance frequency is designed about 250Hz and the 2nd resonance frequency is 

about 700Hz. The bottom mass of the absorber, m2, oscillates with larger amplitude and the upper 
of the absorber, m2 is oscillates with small amplitude if compared with m2.  

2.3 Under Sleeper Pad 

Birmingham Arena Tunnel was start renewal of the tracks since 2010. Old wooden sleepers 
were replaced by the pedded concrete sleepers (Figure 7). To determine the vibration before and 
after the track renewal, accelometer was used and aligned laterally, longitudinally and vertically 
to the track and refer to Figure 8. 

 
 

Figure 7: Under Sleeper Pad 
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Figure 8: The vibration before and after renewal the track 

2.4 Ground-Borne Vibration 

This type of phenomenon are not most people would experience because the level of 
background vibration velocity at residential area normally are 50VdB or lower and around 65VdB 
is the maximum level of threshold of perception for human. Vibration from construction site, steel-
wheeled trains, traffic on rough road and other more were the source of perceptible ground-borne 
vibration as shown in Figure 9. 

 

Figure 9: Level of Ground-Borne vibration 
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3.0  DESIGN AND 3D MODEL 

 There are many ways of designing the railway track in order to reduce vibration. Different 
companies design railway tracks differently based on different requirements.  
 The design drawn in SolidWorks is just a portion of the track as shown in Figure 10. It 
consists of concrete slab, steel rail, polyurethane under sleeper pad and steel tension clamps. 
The 3D drawings of these parts are as shown separately in following Figures 11 and Figure 12. 

 

                           Figure 10: Rendered Image of Railway Track Design in SolidWorks 

 

Figure 11: Rendered Image of Tension Clamp in SolidWorks 

 

Figure 12: Under Sleeper Pads drawn in SolidWorks 
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 The rail is basically the part where the wheel of the LRT would novel on. The rail is supported 
onto the concrete slab which serves to connect all the rails together. The rail is clamped onto the 
concrete slab using a tension clamp. The tension clamp consists of a W-clip and a bolt which 
fastened the rail onto the concrete slab. Lastly, under sleeper pads were added below the 
concrete slabs. The under-sleeper pads serve to reduce the vibration transmitted by the LRT to 
the ground. 

4.0  CALCULATION 

To perform calculations, the three main values which are the mass, m, damping coefficient, 
c and the spring constant, k has to be determined [2]. 

4.1  Finding Mass, m 

Three masses which needs to be determined which are the mass of the LRT, mass of the 
rail, and mass of the concrete slab. Since the analysis would be performed within the track of 1 
m, the mass of the LRT was taken as 1850 kg. The mass of rail and concrete slab was 
determined by first finding the volume and then multiply the volume with their respective 
densities. The calculation is as shown. 

                                        𝑚𝑚𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟= 5652.276 cm3 * 7.75 g/cm3                                  (1) 
𝑚𝑚𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟= 43806 g 
𝑚𝑚𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟= 43,806 kg 

 

                                        𝑚𝑚𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠= 57507.407 cm3 * 72.24 g/cm3                             (2) 
𝑚𝑚𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠= 128817 g 
𝑚𝑚𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠= 128.817 kg 

 

4.2  Finding Spring Constant, k 

The value of spring constant is found by using the equation, k = 𝐴𝐴𝐴𝐴
𝑟𝑟

 [3]. The calculation for 
finding the values of spring constant, k is shown, 

                                                  𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟 𝑆𝑆𝑟𝑟𝑈𝑈𝑈𝑈𝑆𝑆𝑈𝑈𝑟𝑟 𝑃𝑃𝑟𝑟𝑈𝑈𝑠𝑠 = 𝐴𝐴𝐴𝐴
𝑟𝑟

                                                         (3) 

                                                  𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟 𝑆𝑆𝑟𝑟𝑈𝑈𝑈𝑈𝑆𝑆𝑈𝑈𝑟𝑟 𝑃𝑃𝑟𝑟𝑈𝑈𝑠𝑠 = (2)(0.18)(69∗106)
0.01

 
                                                  𝑘𝑘𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟 𝑆𝑆𝑟𝑟𝑈𝑈𝑈𝑈𝑆𝑆𝑈𝑈𝑟𝑟 𝑃𝑃𝑟𝑟𝑈𝑈𝑠𝑠 = 2.484𝐺𝐺𝐺𝐺/𝑚𝑚 
 

4.3  Finding Daping Coefficient, c 

 The damping coefficient is found by first determining the loss factor, 𝜂𝜂 since 𝜁𝜁 = 𝜂𝜂/2. Once 
𝜁𝜁 is found, the value of damping coefficient, c and be found using the equation, c= 𝜁𝜁Cc. The 
calculation for finding the values of damping coefficient, c is as shown. 
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                                                         𝜁𝜁𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 = 𝜂𝜂
2
                                                                         (4) 

𝜁𝜁𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 =
0.1 ∗ 10−4

2
 

𝜁𝜁𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 = 0.05 ∗ 10−4 

𝑐𝑐𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 = 𝜁𝜁𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠𝑐𝑐𝑐𝑐 

𝑐𝑐𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 = 𝜁𝜁𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 ∗ 2√𝑘𝑘𝑚𝑚 

𝑐𝑐𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 = 0.05 ∗ 10−4 ∗ 2�(670 ∗ 106 ∗ 8 ∗ 43.806) 

𝑐𝑐𝑓𝑓𝑟𝑟𝑠𝑠𝑓𝑓𝑈𝑈𝑈𝑈𝑈𝑈𝑟𝑟𝑠𝑠 = 4.85𝐺𝐺𝑁𝑁/𝑚𝑚 

5.0  FREE BODY DIAGRAM 

Figure 13 shows the free body diagram for damping. 

 

Figure 13: Free Body Diagram 

4.1 Equations for Free Body Diagram 

The calculation of free body diagram is shown. 

                               𝑚𝑚1�̈�𝑥1 = −𝑘𝑘1𝑥𝑥1 − 𝑐𝑐1�̇�𝑥1 + 𝑘𝑘2(𝑥𝑥2 − 𝑥𝑥1) + 𝑐𝑐2(�̇�𝑥2−�̇�𝑥1)                       (5) 

257.634�̈�𝑥1 + (1.0328 ∗ 1010)𝑥𝑥1 − (5.36 ∗ 109)𝑥𝑥2 + (56.6 ∗ 103)�̇�𝑥1 − 4.85�̇�𝑥2 = 0 

𝑚𝑚2�̈�𝑥2 = −𝑘𝑘2(𝑥𝑥2 − 𝑥𝑥1)− 𝑐𝑐2(�̇�𝑥2−�̇�𝑥1) 

87.612�̈�𝑥2 − (5.36 ∗ 109)𝑥𝑥1 + (5.36 ∗ 109) − 4.85�̇�𝑥1 + 4.85�̇�𝑥2 = 0 
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4.2 Matrix Form 

The calculation shown from equation free body diagram convert to matrix form to find w. 

�257.634 0
0 87.612� �

�̈�𝑥1
�̈�𝑥2
�+ �56.6 ∗ 103 −4.85

−4.85 4.85
� ��̇�𝑥1�̇�𝑥2

� + �1.0328 ∗ 1010 −5.36 ∗ 109
−5.36 ∗ 109 5.36 ∗ 109

� �
𝑥𝑥1
𝑥𝑥2� = �00� (6) 

�−257.634𝑤𝑤2 + (56.6 ∗ 103)𝑤𝑤 + 1.0328 ∗ 1010 −4.85𝑤𝑤 − 5.36 ∗ 109

−4.85𝑤𝑤 − 5.36 ∗ 109 −87.612𝑤𝑤2 + 4.85𝑤𝑤 + 5.36 ∗ 109
� �𝑋𝑋1𝑋𝑋2

� = �00� 

22572𝑤𝑤4 − (4.96 ∗ 106)𝑤𝑤3 − (2.28 ∗ 1012)𝑤𝑤2 + (3.03 ∗ 1014)𝑤𝑤 + 2.63 ∗ 1019 = 0 

𝑤𝑤 = 3715.3,9406.5,−3574.2,−9327.8 

4.3 Finding Mode Shape 

From 𝑤𝑤 =3715.3 rad/s calculation from matrix form to mode shape is as shown in Figure 14 
and Figure 15. 

                                                    For 𝑤𝑤=3715.3rad/s                                                (7) 

� 6.98 ∗ 109 −5.36 ∗ 109
−5.36 ∗ 109 4.15 ∗ 109

� �𝑋𝑋1
(1)

𝑋𝑋2(1)� = �00� 

6.98 ∗ 109 ∗ 𝑋𝑋1
(1) − 5.36 ∗ 109 ∗ 𝑋𝑋2

(1) = 0 

𝑟𝑟1 =
𝑋𝑋2(1)

𝑋𝑋1(1) = 1.3 

 

Figure 14: First Mode Shape 
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                                                    For 𝑤𝑤==9406.5rad/s                                              (8) 

�−1.19 ∗ 109 −5.36 ∗ 109
−5.36 ∗ 109 −2.39 ∗ 109

� �𝑋𝑋1
(2)

𝑋𝑋2(2)� = �00� 

−11.19 ∗ 109 ∗ 𝑋𝑋1
(2) − 5.36 ∗ 109 ∗ 𝑋𝑋22 = 0 

𝑟𝑟2 =
𝑋𝑋2(2)

𝑋𝑋1(2) = −2.2 

 

 

Figure 15: Second Mode Shape 
 

5.0 VIBRATION PLOT USING MATLAB 

The vibration graph is required in order to visualize a vibration system better. The graph is 
as shown in Figure 16 by plotted using MATLAB, the blue line graph is the First Mode and the red 
line graph is the Second Mode. 

 

 

 

 

 

 

 

 

Figure 16: Graph of Vibration plotted using MATLAB 
(Blue: First Mode, Red: Second Mode) 
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5.1 Determine Suitability of Design 

After finding all necessary parameters, it is still required to determine if the design is suitable to 
be used in the LRT station or not [4] [5]. As shown in the nomograph in Figure 17, the threshold 
for structural damage has to be within 3mm/s to 5mm/s velocity. The calculation to determine the 
velocity of the current design is below threshold or not are shown. 

                                                                        𝑤𝑤𝑈𝑈 = �𝑘𝑘
𝑚𝑚

                                                             (9) 

𝑤𝑤𝑈𝑈 = �4.968 ∗ 109

257.734
 

𝑤𝑤𝑈𝑈 = 4391𝑟𝑟𝑎𝑎𝑎𝑎/𝑁𝑁 

𝑟𝑟 =
𝑤𝑤
𝑤𝑤𝑈𝑈

 

𝑟𝑟 =
3715.3
4391

= 0.846 

 

Transmissibility                                          

                                                       𝑋𝑋
𝑌𝑌

= � 1+(2𝜁𝜁𝑟𝑟)2

(1−𝑟𝑟2)2+(2𝜁𝜁𝑟𝑟)2
                                              (10) 

4 ∗ 10−6

𝑌𝑌
= �

1 + (2(0.025)(0.846))2

(1 − 0.8462)2 + (2(0.025)(0.846))2
 

𝑌𝑌 = 1.149 ∗ 10−6𝑚𝑚 

𝑤𝑤𝑌𝑌 = (3715.3)(1.149 ∗ 10−6) 

𝑤𝑤𝑌𝑌 = 4.27 ∗ 10−3𝑚𝑚/𝑁𝑁 

𝑤𝑤𝑌𝑌 = 4.27𝑚𝑚𝑚𝑚/𝑁𝑁  (𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑤𝑤𝑎𝑎 3𝑚𝑚𝑚𝑚/𝑁𝑁 𝑤𝑤𝑡𝑡 5𝑚𝑚𝑚𝑚/𝑁𝑁) 
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Figure 17: Nomograph  

5.2 DISCUSSION 

Most of the discussion of the design process, equipment used and so on are discussed in the 
sections above. To summarize the discussion, a design which consists of rail, concrete slab, 
tension clamp and under sleeper pad was used. The reason for determining mode shape and 
the vibration graph is to provide a visualization of what is going to happen to the system when 
subjected to vibration. However, the main aspect which is to determine if the vibration did not 
exceed the desired level is still performed. It was done by comparing the calculated values with 
the values in nomograph. Since the value obtained from calculation which is 4.27mm/s within 
the threshold range, this vibration system is considered to be safe to use in the LRT station 
without any structural damage to occur. 

6.0  CONCLUSION  

The design that was used consists of rail, concrete slab, tension clamp and under sleeper 
pads. Under Sleeper Pads are used to reduce the vibration due to the moving train. The 
calculation started by calculating the three main unknowns which are the mass, m, spring 
constant, k and the damping coefficient, c. With these values found, the Free Body Diagram, 
Equation of Motion and the Matrix Form of the system can be found. These are used as 
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information in order to find the Mode Shape as well as the vibration graph. The vibration graphs 
are obtained by finding the time domain equation and plot it through MATLAB. After performing 
the calculation, the velocity was found to be around 4.27mm/s which is within the threshold range 
of 3mm/s to 5mm/s as shown in nomograph. Therefore, this design is safe to be used in the LRT 
Railway Station. 
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