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ABSTRACT  

 
This paper describes the challenges and solutions of utilizing geotextile tubes to create a containment bund for land 

reclamation over freshly deposited soft marine clay seabed. The described project located in Malacca city, Malaysia, 

situated in the Strait of Malacca, which serves as the main shipping channel between the Indian and Pacific Oceans, 

one of the most important shipping lanes in the world. The reclamation project aims to reclaim 112 acres of land into 

the sea with the original design of sand fill and rock armour cover for permanent protection. However, as the site is 

located at the river mouth of the Malacca River, the seabed consists of extremely soft, freshly deposited clay of up to 

10m depth. The proposed sand bund could not be constructed due to stability issues and erosion problems. Tons of 

sand were lost into the seabed due to its extreme softness. To overcome the issues, geotextile tubes were proposed, 

along with high strength basal reinforcement geotextile, as an alternative solution to construct the containment bund. 

Geotextile tubes utilized hydraulic filling which is a much gentler process and allow the even buildup of sand on the 

seabed, minimizing disturbance to the underlying soil. Apart from that, the utilization of geotextile tubes also 

prevents the sand from being eroded away. A total of 600 meters long, maximum 6.9 meters in height of the 

containment bund is being constructed with geotextile tubes stacked up to three layers high. To ensure the 

geotechnical stability of the containment bund, two layers of high strength basal reinforcement geotextile with 

characteristics initial tensile strength of 1200 kN/m in the machine direction are being used. Figure 1 shows the 

typical cross section of the containment bund constructed. 
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1 INTRODUCTION  

Malacca is a state in southern part of Peninsula 

Malaysia, facing the Strait of Malacca - a narrow 

stretch of water bodies between the west coast of 

Peninsular Malaysia and the east coast of Sumatra 

Island, Indonesia. As one of the world’s most critical 

shipping lanes, the strait connects the Indian and Pacific 

Oceans. The state’s capital, Malacca City, is a 

designated UNESCO World Heritage Site. Since its 

recognition in 2008, the city has experienced a surge in 

international visitors, significantly boosting 

tourism-related activities.  

Several reclamation projects have been initiated in 

the past 15 years surrounding the coastline of Malacca 

to capitalize on the economic opportunities arising from 

the city’s growth. Among these, the Melaka gateway 

project, announced in 2014, was initially planned to 

reclaim three islands to accommodate an international 

cruise terminal, a maritime industrial park, a container 

and bulk terminal, and a deep-water port. Although the 

project was later scaled down to a single island with an 

international cruise terminal, it demonstrated the city’s 

attractiveness to investors.  

The project describe in this paper is a land 

reclamation project aimed at reclaiming 112 acres of 

land from the sea for a mixed-use development, 

including residential, commercial and industrial zones. 

The site is located at the river mouth of Malacca River, 

where the underlying seabed consist primarily of 

freshly deposited soft marine clay, extending up to 10 

meters in depth. Figure 1 shows the location of the 

project site and the planned land reclamation boundary.  

The original reclamation plan involved constructing 

a containment bund using a sand bund before 

proceeding with subsequent reclamation activities. 

However, significant challenges arose when contactor 

attempted to deposit large volume of sand into the sea, 

only to find that much of it was lost into the soft seabed 

before the sand bund could reach its design level. The 

failure to establish a stable sand bund prompted the 

client to seek alternative solutions to complete the 

already delayed project. 

 



 

 
Fig. 1. Location of the project site. 

 

2 PROJECT INFORMATION 

This section provides detailed information about the 

project. 

2.1 Initial design  

The location of the reclaimed land was surrounded 

with vacant reclaimed land on the northeast, northwest, 

and southwest location. The only boundary directly 

exposed to the sea, with potential erosion concerns, is 

located in the southeast. As such, the original design 

included the construction of a containment bund along 

the southeast boundary to enclose the reclamation area 

to minimize sand loss due to erosion.  

Of the total 112 acres of water bodies, 110 acres 

were designated for land reclamation using sand, while 

the remaining 2 acres in the northeast were allocated as 

a drainage reserve, as required by the state government 

of Malacca.  

The initial design of the containment bund consisted 

of a sand bund with a slope angle varying from 1 

vertical: 6 horizontal to 1 vertical: 8 horizontal, 

depending on the height of the bund. To ensure 

long-term stability, the seaward facing of the sand bund 

was to be protected with primary and secondary rock 

armour as a final protective layer. Figure 2 illustrate the 

initial design of the sand bund with rock armour 

protection. 

 

 
Fig. 2. Typical cross section of initial design of the containment 

bund. 

 

2.2 Sand sources 

Marine sand for the reclamation work was sourced 

from the approved site in the Strait of Malacca, 
approximately 12km southwest of the project site. A 

coring investigation of the bottom sediment was 

conducted within the boundary of the sand sourcing 

area, as shown in Figure 3. Table 1 presents the core 

log, including the particle size distribution and soil 

description. The bottom sediments in the sand borrow 

area primarily consisted of gravelly sand throughout the 

investigated zone. 

 

 
Fig. 3. Core location of the sand borrow area. 

 
Table 1. Core log descriptions. 

Core point Particle Size Distribution (%) 

Clay & Silt Sand Gravel 

DC 01 8.5 80.5 11.0 

DC 02 2.0 89.0 19.0 

DC 03 11.5 60.0 28.5 

DC 04 39.5 51.0 9.5 

DC 05 10.0 79.0 11.0 

 

A sand carrier vessel will be used for extracting, 

transporting, and discharging marine sand at the 

reclamation site. 

2.3 Tidal and seabed levels 

Tidal levels at the project site were obtained from 

the Royal Malaysian Navy Tidal Table 2022, base on 

tidal observations recorded between 1991 to 2002. The 

tidal levels are as below: 

 

Highest Astronomical Tide (HAT) : 2.65mCD 

Mean High Water Spring (MHWS) : 2.10mCD 

Mean High Water Neap (MHWN) : 1.51mCD 

Mean Sea Level (MSL)  : 1.19mCD 

Mean Low Water Neap (MLWN) : 0.88mCD 

Mean Low Water Spring (MLWS) : 0.29mCD 

Lowest Astronomical Tide (LAT) : 0.00mCD 

 

The seabed level for at the location of containment 

bund ranges from -2.0 mCD to 0.0 mCD, causing the 

area to remain submerged or in shallow water during 

low tide period. 

2.4 Reclamation sequences 

The reclamation process follows these sequential 

steps: 

• Sand supply: Marine sand is transported to the 



 

reclamation area stockpile using a sand carrier 

vessel. 

• Sand transport: Excavators load sand onto dump 

trucks for transportation to the containment bund 

location. 

• Leveling: Shovels are used to evenly distribute 

and level the filled areas. 

• Compaction: The sand fill undergoes natural 

compaction. 

• Shore protection: Rock dumping is carried out to 

install shore protection. 

2.5 Soil investigations 

To assess the foundation soil properties, several 

borehole tests were carried out throughout the project 

site area. These tests included Standard Penetration 

Test (SPT), Vane Shear Test (VST), Triaxial 

Compression Test, One-Dimensional Consolidation 

Test, Particle Size Distribution (PSD) analysis, among 

others.  

Borehole results along the containment bund 

alignment indicate that the top 10 meters of foundation 

soil generally consist of very soft, dark greyish-green 

clay to slightly sandy clay, with a SPT value of 0. VST 

results show that the undrained shear strength ranges 

from 5 - 10 kPa at 3 meters depth.  

Beneath this layer is a soft to stiff sandy clay layer 

of 2.5 meters depth, with SPT values ranging from 2 to 

10. This is followed by a layer of stiff sandy clay with 

SPT values ranging from 10 to 20. 

2.6 Construction challenges 

Construction commenced in 2023, with the 

contractor installing a double-layer silt curtain to 

enclose the entire project site, in compliance with the 

Department of Environmental (DOE) requirements. 

Following this, the construction of the sand bund began, 

with sand being dumped using dump trucks and 

levelled with bulldozers and wheel loaders.  

However, after more than 200m3 of sand had been 

poured into the sea, the contractor encounter difficulty 

in constructing even the first 5 meters section of the 

bund. While the bund initially maintained its position 

during high tide, it was lost during low tide. Heaving of 

adjacent seabed was also observed after multiple 

attempts to build the bund. The DOE ordered a halt to 

the reclamation activities due to concerns that the 

excessive loss of sand and heaving of mud would lead 

to pollution of the surrounding seawater. 

The primary cause of the failure to construct the 

sand bund up was the extremely soft marine clay 

foundation, which had an undrained shear strength of 

5-10 kPa. The use of the dump truck dumping method 

significantly disturbed the soft seabed, further reducing 

its strength. To prevent further delays, the contractor 

sought alternative solutions to build the containment 

bund and enable the continuation of subsequent 

reclamation works. 

3 ALTERNATIVE DESIGN USING 

GEOTEXTILE TUBES 

This section describes the use of geotextile tubes 

and basal reinforcement as an alternative solution for 

constructing the containment bund in the reclamation 

project. 

3.1 Geotextile Tubes 

Geotextile tubes are a type of geotextile 

containment system which are fabricated from 

geotextile to form a tubular or sausage-like structure. 

Multiple pieces of geotextiles are connected by the 

means of circumferential or longitudinal stitching to 

form a geotextile tube. The earliest recorded usage of 

geotextile tubes dated back to the 1960s (Lawson 

2008), which is known as Longard tubes. At that time, 

the tubes were generally small in diameter (less than 2 

meters) due to the low tensile strength of geotextiles 

produced at the time. The small size of the tubes 

restricted their usage due to instability when subjected 

to hydraulic forces such as waves and currents. The 

situation changed in the late 1980s when stronger 

woven geotextiles began to be used for fabricating 

geotextile tubes. Since then, geotextile tubes with larger 

diameters have been utilized in hydraulic and marine 

environments while meeting most stability 

requirements. Today, geotextile tubes ranging from 

1.0m to 6.0m in diameter are commonly used 

worldwide. Figure 4 shows geotextile tubes used to 

reclaim a temporary platform for the construction of 

bridge structure in South Korea. 

 

 
Fig. 4. Photo showing geotextile tubes used to create a temporary 

platform for the constructoin of bridge in South Korea. 

 

During the fabrication of geotextile tubes, inlet ports 

are installed on top of the tube and spaced along its 

length (Yee 2015). The geotextiles used for fabricating 

geotextile tubes are permeable but sand-tight, allowing 

water to be discharged while retaining the sand inside. 

Upon transportation to the site, geotextile tubes are 
installed either underwater or on land. Tube filling is 

typically done through dredger or submersible slurry 



 

pumps. Sand slurry (sand mixed with water) is pumped 

into the tube at a ratio of 20% sand and 80% water. 

During the pumping process, water will be discharged 

out, but sand will be retained inside as the tube slowly 

inflates until reaching its design height. 

Various types of geotextiles are available in the 

market today, each suited for different applications. The 

geotextile used in fabricating geotextile tubes typically 

consists of nonwoven geotextile, woven geotextile, and 

composite geotextile. In this project, woven geotextile 

tubes are used to form the containment bund since it 

will be covered with rock armour for long term 

protection. 

3.2 Geotechnical stability requirements 

The design of the geotextile tube must satisfy 

geotechnical stability requirements to ensure structural 

integrity. To simplify the analysis, one can assume a 

rectangular block of soil with equivalent height, contact 

width and weight of the geotextile tube. The designer 

will need to check the stability of the geotextile tube 

against sliding, bearing, overturning and global slip 

failures. Figure 5 illustrates various failure modes of 

geotextile tubes, as adopted from Yee (2002). 

 

 
Fig. 5. Geotechnical stability checks for geotextile tubes (Yee 

2002). 

 

For stacked configurations which involved multiple 

geotextile tubes, the same stability checks apply. 

Additionally, global slip failure can be evaluated using 

standard limit equilibrium design software, such as 

Geostudio Slope/W, to ensure overall structural 

integrity. 

3.3 Alternative design 

Due to the failure of the initial dumping method in 

constructing the sand bund, the contractor explored 

alternative solutions for building the containment bund. 

One of the options considered was the use of geotextile 

tubes.  

Geotextile tube installed using hydraulic filling 

method is a more gentler installation process, allowing 

sand to gradually accumulate within the geotextile 

tubes. This method minimizes disturbance to the 

underlying soft marine clay, reducing the risk of 

instability. Figure 6 shows the typical cross section of 

the alternative design using geotextile tubes combined 

with two layers of basal reinforcement for enhance 

stability. 

 
Fig. 6. Typical cross section of the alternative containment bund 

design using geotextile tube. 

 

To cater for the stability of the containment bund, 

two layers of basal reinforcement with a characteristic 

initial strength of 1200 kN/m were proposed. The first 

layer was installed at the seabed level before placing 

the first geotextile tube, while the second layer was 

positioned at 2.3m above the seabed after reclamation 

had reached that height.  

The containment bund was designed with three 

layers of geotextile tubes, achieving a total height of 6.9 

m. Each geotextile tube had a circumference of 15.7 m 

and an inflated design height of 2.3 m. The tubes were 

installed only on the seaward side of the bund, while 

the landward side was constructed as a sand bund with 

an exposed slope of 1 vertical: 3 horizontal.  

As the containment bund will need to be expose for 

a period of time before installation of rock armour, a 

smaller tube with circumference of 9.5 m and inflated 

height of 1.0 m was proposed at the toe of the 

containment bund to prevent potential scouring 

problem which could undermine the toe of the 

structure, leading to instability. 

A global slip failure analysis was conducted using 

Geostudio Slope/W software for both seaward side and 

landward side slope. 15 kPa of uniformly distributed 

load was modelled into the analysis to account for 

operating machineries loading on top. Figures 7 show 

the analysis results of the containment bund build using 

geotextile tubes and basal reinforcement. 

 

 
Fig. 7 Global slip failure analysis (a) descriptions (b) seaward 

side checking (c) landward side checking. 



 

The foundation soil was modeled using an 

incremental undrained shear strength approach to 

accurately represent its behavior. The top 10 m of the 

foundation was assigned an initial undrained shear 

strength of 6 kPa, with an increment of 1.4 kPa per 

meter depth, reaching a maximum of 20 kPa. 

Beneath this, a 2.5 m thick sandy clay layer was 

modeled with an initial undrained shear strength of 20 

kPa, increasing by 10 kPa per meter depth, and 

reaching a maximum of 45 kPa. The bottommost 

foundation layer was assigned a constant undrained 

shear strength of 50 kPa. 

Minimum factor of safety (FoS) achieved were 

1.274 for the seaward facing slope and 1.384 for the 

landward facing slope. These values were obtained with 

the inclusion of one layer of MIRAFI PET1200-50 

(65m length) at the seabed level and one layer of 

MIRAFI PET1200-50 (54 m length) at 2.3m above the 

seabed. 

4 CONSTRUCTION OF GEOTEXTILE TUBES 

CONTAINMENT BUND 

This section outlines the construction sequence and 

challenges encountered during the installation of the 

geotextile tubes containment bund.  

4.1 Geotextile tubes and basal reinforcement 

installation 

The construction process commenced at the 

southern end of the site boundary and progressed 

northward until the entire site was enclosed by the 

containment bund. The installation sequence followed 

these steps: 

a. Floating excavator and long arm excavator were 

deployed to level the existing seabed, creating a 

flat foundation for subsequent process. 

b. Following the seabed preparation, a thin layer 

of sand was spread over the leveled seabed to 

provide a stable surface for the placement of 

basal reinforcement. 

c. Basal reinforcement was cut to the specified 

length and installed with its machine direction 

oriented across the width of the containment 

bund. 

d. After the basal reinforcement is in place, an 

access road will be built on top of the basal 

reinforcement to create an access road for 

further installation activities. 

e. The first geotextile tube was installed along the 

seaward side to prevent erosion from 

happening.  

f. Scour protection tubes were installed at the toe 

of the bund to prevent potential scouring. 

g. The process was repeated for at least 100 m 

length of bottom-layer geotextile tubes before 
proceeding with the installation of second-layer 

geotextile tubes on top. 

Figure 8 shows the installation of basal 

reinforcement over the seabed, which was a critical step 

in ensuring the stability of the containment bund. In this 

project, geotextile tubes were installed using hopper 

method. A hopper was customized and fitted with 

multiple hoses connected to water pump. Sand was then 

fill inside the hopper using excavator. Seawater was 

continuously pumped into the tube carrying together the 

sand. Throughout the process, sand will be deposited 

inside the tube while water discharged out from the 

tube. The process repeated by moving to subsequent 

inlet ports until the tube achieve its designed inflated 

height of 2.3 m. Figure 9 shows the usage of hopper to 

fill sand into the geotextile tube.  

 

 
Fig. 8. Installation of basal reinforcement. 

 

 
Fig. 9. Installation of first layer of geotextile tube using hopper 

and filling of sand via excavator. 

 

4.2 Problem encountered and solution 

After the successful installation of the first 

geotextile tube and the scour protection tube, the 

contractor proceeded with the installation of the 

second-layer tube. However, an unexpected issue 

arose—the bottom tube began sinking into the seabed, 

causing the second-layer tube to tilt and collapse into 

the seabed as well. Figure 10 shows the picture taken 

during site visit after the incident happened. 
 



 

 
Fig. 10. Picture taken during site visit with second layer of tube 

exposed on the surface. 

 

Based on site observations, the bottom-layer 

geotextile tube, which was expected to remain visible at 

the water’s surface, was not spotted, suggesting that it 

may have sunk into the seabed. Consequently, the 

second-layer tube tilted downward, likely due to the 

settlement of the bottom tube. Additionally, seabed 

heaving was observed in the surrounding area, 

indicating potential stability issues. 

Two key factors may have contributed to the failure 

of the system: 

• Disturbed Seabed Conditions – The geotextile 

tubes were installed in an area previously used 

for trial sand bund construction, where the 

seabed may have been significantly disturbed. 

This could have weakened the foundation soil, 

reducing its undrained shear strength. 

• Premature Second-Layer Installation – The 

contractor installed the second-layer geotextile 

tube before completing the bottom-layer tubes 

along the entire length. Since the basal 

reinforcement was designed primarily to enhance 

stability across the width of the containment 

bund, longitudinal stability was compromised. 

To address these issues, the contractor completed 

the installation of the bottom-layer tubes along a 

continuous 100 meters section before proceeding with 

the second layer. This adjustment prevented further 

instability, and the installation of geotextile tubes for 

the entire 600-meter containment bund was 

successfully completed without additional problems. 

Figure 11 illustrates the fully installed geotextile tube 

containment bund  

 

 
Fig. 11. Complete installation of the geotextile tube 

containment bund. 

CONCLUSIONS  

This project demonstrates the successful installation 

of geotextile tubes to create a 600 meters long 

containment bund, effectively completing the land 

reclamation process. By combining geotextile tubes 

with basal reinforcement, the stability issues were 

addressed, enabling the use of a steeper slope 

formation. This design modification significantly 

reduced the amount of sand and rock originally 

required for construction, making the solution both 

efficient and cost effective.  
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