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ABSTRACT  
The construction of bored piles on gently sloping rocky terrain presents significant technical challenges. 

To address this issue, the application of geotextile tubes to create a ground for pile drilling work has been 
proven effective. In the reference project, verified fill materials were used to construct artificial islands, with 
the geotextile tube system reaching a total height of approximately 9 meters in an area with a water depth 
level of -6.5 meters; 

This project was executed under complex wave and geological conditions, posing numerous technical 
challenges throughout the construction process. The project successfully progressed from design to 
construction, resulting in the creation of islands that facilitated bored pile drilling, as well as the construction 
of a port access road and a steel pipe system with a diameter of D=4 meters; 

The design and construction of this embankment system were completed during the 2022-2023 period, 
making it one of the flagship projects in Quang Trach Electricity Center -Quang Binh Province, Vietnam. 
This project exemplifies the effectiveness of using geotextile tubes in similar marine construction projects. 
Keywords: Geotextile tubes, seabed leveling and elevation, Geosynthetic materials, Soft engineering, 
Hydraulic structures. 

 
1 INTRODUCTION  

Along the coast and waterways, cofferdams 
using geotextile tubes have become an advanced 
technical solution, providing superior efficiency in 
both technical and environmental aspects. This 
solution is widely applied in erosion control, 
increasing the load-bearing capacity of hydraulic 
structures, shortening construction time, optimizing 
costs, and meeting technical requirements in many 
different geological conditions. 

In particular, at the Quang Trach Thermal 
Power Project - an area affected by large, high 
waves and directly affected by Northeast and 
Southwest winds. Here, bored pile drilling was 
carried out for the construction of an access road 
to the port at Mui Doc under the EPC package for 
the construction of a breakwater, port, and access 
road. Due to the steep rock slope, the drilling 
equipment placed on the floating system could not 
be used to conduct drilling. From there, 
geotechnical pipes were considered and designed 
to be used for the construction of a cofferdam to 
create a leveling surface for the artificial island on 
a gently sloping rock foundation and not allow 
overflow under normal conditions. 

The geotextile tubes consist of 2 tubes under 
layer 1 and 1 tube in layer 2 forming a pyramid 
structure, each tube has a height of 2.5m and 
2.5m, installed from cos -5.0m up to an elevation of 
0.0m, which is determined to be an elevation 
greater than the low water level (LWL = -0.2m). 
Then, when the clay layer is completed, the sand 
will be pumped into the landfill and flattened. The 
geotube layers 3 and 4 will be overlapped and 
constructed according to the slope structure. 

This solution plays an important role in 
supporting bored pile construction, effectively 
converting from underwater construction to on-land 
construction, and contributing to significantly 
reducing costs and construction time compared to 
traditional methods, such as hydraulic construction 
methods. 

In addition, the application of geotextile tubes 
has helped to minimize negative impacts on the 
environment, while ensuring the stability and 
sustainability of the structure under natural 
conditions. The results from this project confirm the 
feasibility and effectiveness of using geotextile 
tubes as a comprehensive solution in the 
construction of temporary coastal structures. 
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Fig. 1. Cross-section in designing 

 

 
Fig. 2. The current status of the geosynthetic tube 

embankment project upon completion 
 

Studies have shown that geotextile tubes can 
effectively withstand water pressure and sea 
waves while reducing the risk of erosion in coastal 
areas. This technology also improves the stability 
of the structure, ensuring the safety of construction 
items on reinforced ground, especially helping to 
construct bored piles quickly and most effectively. 

The application of geotechnical tube cofferdam 
solutions in areas with complex geological 
conditions such as weak soil or rock foundation, 
typically the Quang Trach Thermal Power Project - 
where bored piles are constructed on a gentle rock 
slope, has opened up a new approach in the 
design and construction of coastal works in 
Vietnam. 

Therefore, this article focuses on analyzing the 
outstanding technical advantages, construction 
process, and practical effectiveness of using 
geotextile tubes in coastal projects. At the same 
time, research results and lessons learned from 
the Quang Trach Thermal Power Project will also 
be presented to clarify the feasibility and 
effectiveness of this solution in practical conditions. 

2 DESIGN OF GEOSYNTHETIC TUBE 

Geotextile tube design is based on the specific 
technical requirements of each project, including 
the geological conditions, design loads, and 
construction environment. Geotextile materials are 
carefully selected based on important mechanical 
properties such as tensile strength, elongation, 

puncture resistance, seam strength, pore size 
(O95), and ultraviolet (UV) resistance. These 
properties are optimized to ensure overall stability 
and effective drainage. 

Geotube pressure testing and geotextile fabric 
selection were performed using GeoCoPs 3.0 
software from Amada Engineering (Dov 
Leschinsky). The geotube dimensions were 
designed flexibly to meet the specific conditions of 
each project. The geotube diameter was 
determined based on technical requirements, while 
the length was adjusted to suit the construction 
route. The material injected into the geotube, such 
as sand or a soil-sand mixture, was selected based 
on criteria for mechanical stability and load-bearing 
capacity of the dike route. 

 

 
Fig. 3. Typical cross-section of geotube using GeoCoPs 

3.0 software 

 
The construction process includes arranging 

the geotextile tube system on the flat treated 
ground, using anchor systems or piles to fix the 
position, and ensuring that it is not affected by 
waves or currents. After fixing, the material is 
pumped into the geotextile tube to achieve the 
designed size and shape. The effectiveness of the 
geotextile tube system is evaluated through 
drainage capacity, material durability, and the level 
of meeting the technical criteria of the project. 

To check the stability of the construction route, 
specialized software in the field of geotechnical 
engineering such as GeoStudio and Plaxis are 
used to evaluate the stability and displacement. 
The required stability coefficient for the project is 
set to be greater than or equal to 1.4. In addition, 
GeoCoPs 3.0 software is used to determine the 
optimal pumping pressure, and the strength of the 
geotextile corresponding to the pumping height, 
thereby selecting the type of fabric that meets the 
hydrological requirements and ensures the stability 
of the design. 

Due to the large wave height, the dike is 
designed not to allow overtopping in conditions of 
tropical depression, and the dike crest elevation is 
calculated to prevent wave overtopping, based on 
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the formula: 
Zđ = Ztkp + Rslp + a + b                                        

In there: 
Zđ is the design dike crest elevation, m; 
Ztkp is the design sea level elevation corresponding to 

the design frequency; 
Rslp is the design wave height, m; 
a is the safe altitude increase value; 
b is the rise in sea level due to the impact of global 

climate change, m; 
According to calculations, the elevation of the 

geotechnical pipe dike crest is determined as 
Zđ=+2.0m. However, to ensure safety and 
effective wave protection, the actual elevation has 
been raised to the crest elevation of Zđ=+3.0m, 
including the wave climbing height R slp =1.5m; 

 

 
Fig. 4. Horizontal displacement results when calculated 

using Plaxis software 

 

 
Fig. 5. Sliding arc results when calculated using Plaxis 

software 
 

2.1 Installation of geosynthetic tube 
The project is located in Mui Doc, Quang Binh, 

one of the places with high and large waves. 
Because of the special terrain with sloping rock 
foundations and complex hydrological conditions 
when there are high and large waves, it is 
extremely difficult to construct bored piles in this 
area when using the hydraulic method, along with 
expensive construction costs and long construction 
time. Here, the water level in the project area is 
very deep, down to -6.5m (with a construction 
water depth of about 8.0m). In order to optimize 
costs and construction time to meet the bored pile 
construction schedule set by the investor. The 
contractor has deployed leveling the ground by 

pumping sand, leveling the ground helps stabilize 
the geotechnical pipe dike. This construction 
method has been applied by the contractor in 
many similar projects in previous designs and has 
brought extremely high efficiency for stabilizing the 
ground.  

 

 

Fig. 6. Platform Creation 

Here, the work of leveling and leveling the 
ground to place the geotechnical tube is carried out 
to a height of -5.0m without affecting the borehole 
during the planned construction process. Then, 
sand is pumped from the air to the water surface 
instead of pumping under the water surface. The 
flow of sand released when pumping above the 
water surface will create a perfect sand plane to 
meet the design and construction requirements. 

The geotube layers below the construction 
water level are applied with the hydraulic 
construction method. Using bamboo rafts with 
dimensions L=50m and W=17m, fabricated at the 
construction site by workers. Two geotextile tubes 
are tied tightly to the raft after being lined with 
fabric. Then, the construction contractor must use 
floating equipment such as pontoons or 
motorboats to move the bamboo rafts, bring the 
geotextile tubes that have been spread on the 
bamboo rafts to the construction site, and anchor 
them firmly with ropes with bamboo poles or steel 
poles before pumping, to maintain the correct line 
and design shape. After the system is determined 
in the correct position and anchored with a steel 
anchor system around the bamboo raft. The 
geotextile tube collars are simultaneously pumped 
with a mixture of water and a small proportion of 
sand so that the rafts slowly sink in a controlled 
manner. After checking the correct position, sand 
is pumped in by sand boats and fills the 
geosynthetic tube. 
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Fig. 7. Moving the bamboo framework combined with the 
geosynthetic tube to the project site 

 
Geotextile tube pumping requires technical 

criteria and construction procedures to ensure the 
efficiency and stability of the geotextile tube dike 
line. In addition, the pumping material, sand, must 
be guaranteed not to be washed away and must 
be able to withstand the load after being pumped 
into the geotextile tube. The pressure of pumping 
sand into the geotextile tube must be controlled to 
ensure that the material fills the entire geosynthetic 
tube without tearing or damaging the geosynthetic 
tube until reaching the design elevation. The 
hydraulic pumping technique and gradual 
submersible sand pumping make the tube uniform 
and avoid the phenomenon of displacement or 
instability of the geosynthetic tube. 

During the backfilling and construction of bored 
piles, the use of a clay layer of about 2m thick at 
the first backfill area plays an important role in 
ensuring the stability and quality of the project. 
This clay layer is designed to prevent sand from 
the upper soil layers from entering the boreholes 
below, especially when bored piles are driven into 
the rock during the construction phase. 

The adhesive and impermeable properties of 
clay are exploited to form a natural barrier between 
the rock and the sand layer above. When bored 
piles are lowered into the rock, the pressure from 
the construction process can cause displacement 
or loss of material from the upper soil layers. 
However, a properly designed clay layer of about 
2m thick will prevent sand and fine particles from 
the upper layer from moving down the borehole, 
while also providing stability for the pile when 
driven into the rock. 

In addition to the function of preventing sand 
movement, the clay layer also acts as a cushion to 
minimize the impact of direct loads on the rock 
foundation. This helps to limit the risk or failure of 
the foundation during construction and operation of 
the project. At the same time, the clay layer also 

helps maintain the connection between the pile 
and the surrounding ground, increasing the 
load-bearing capacity of the bored pile system. 

To ensure the effectiveness of the clay layer, 
the selection and construction should be based on 
technical parameters such as the thickness, 
adhesion, and water permeability of the clay, along 
with the specific geological conditions of the area, 
which is a sloping rock foundation. Therefore, the 
use of clay in the initial leveling area not only 
improves the overall stability, but also optimizes 
the construction efficiency and minimizes the 
technical risks for the project. 

The process of injecting materials into the 
second layer of geotextile tube is basically the 
same as that for the first layer of geotextile tube. 
However, to ensure that the technical and design 
requirements are met, adjustments must be made 
to suit the actual conditions and characteristics of 
the second layer of tube. One of the common 
challenges in this process is that the second layer 
of geotextile tube does not reach the design height, 
affecting the overall stability and efficiency of the 
project. 

To overcome the above problem, combining 
sand injection between geotextile tubes is applied 
as an important solution. Sand injection plays a 
role in filling the gaps between geotextile tubes 
layer 1 and layer 2, at the same time creating a 
solid cushion, helping to maintain the height of the 
upper geotextile tube layer. Sand injection process 
not only improves the bearing capacity but also 
minimizes the risk of subsidence or displacement 
of geotextile tubes during construction and 
operation. 

In addition, strict control of technical parameters 
during pumping, including pumping pressure, 
pumping speed and sand volume, is a key factor to 
ensure construction efficiency. Pumping pressure 
needs to be adjusted appropriately to avoid 
deformation or breakage of the geotextile tube 
structure, while sand volume needs to be 
accurately calculated to achieve a balance 
between compaction and flexibility of the material 
layer. 

The construction was carried out in accordance 
with the calculations, and periodic monitoring and 
inspection during the pumping process was also 
an indispensable part to ensure that the design 
elevation of the geotextile tube layer 2 was 
maintained. Using modern measuring equipment 
and specialized software helps to detect early 
deviations from the design, thereby taking timely 
corrective measures  
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Fig. 8. Installation the layer 2 

After completing the sand pumping work into 
the geotechnical tube layer 2, the contractor 
continues to deploy the sand pumping work to 
achieve the design elevation according to the 
project requirements. This process is carried out 
by using a specialized pump to suck sand from the 
supply source, then mix the sand with water to 
form a liquid mixture, ensuring easy transportation 
through the pipeline system to the filling area. 

At the backfill area, the mixture of sand and 
water is pumped and spread evenly over the entire 
surface, forming a uniform layer. To ensure the 
stability and compaction of the sand layer, 
specialized backfill equipment such as bulldozers, 
compactors or rollers are mobilized to compact the 
sand layer. This work helps ensure that the backfill 
sand layer meets the requirements of mechanical 
strength, stability and flatness according to the 
design, while creating a solid foundation for the 
next construction items. 

During the backfilling process, compliance with 
technical regulations and environmental standards 
is a key factor. Before use, the quality of sand must 
be strictly tested to ensure compliance with criteria 
for particle size, cleanliness and bearing capacity. 
At the same time, the sand and water mixture must 
be precisely controlled in proportion to ensure 
uniformity and minimize the risk of material 
segregation during transportation and backfilling. 

The measurement of the level surface is carried 
out regularly to ensure that the elevation meets the 
design requirements. Modern measuring 
equipment such as electronic total stations or GPS 
are used to check the elevation and slope of the 
surface after each construction phase. This helps 
to detect and adjust deviations promptly, thereby 
ensuring high accuracy in construction. 

In addition, monitoring environmental impacts 
during pumping and backfilling is an important 
factor to limit negative impacts, such as erosion, 
sedimentation or water pollution around the 
construction area. Mitigation measures such as the 
use of sedimentation systems or sediment traps 

should be implemented to protect the environment 
and meet the project's environmental management 
requirements. 

 

 

Fig. 9. Sand backfill on the shore 

 

 

Fig. 10. Công tác sử dụng máy xúc để thi công san lấp 

 

 The entire geotechnical pipe dike line, 
approximately 550m long, and the island were 
constructed in 4 months. Including the time for 
pumping sand backfill material inside, the work of 
drilling bored piles and making internal access 
roads will also be completed in 2023. 

 

 

Fig. 11. Geotechnical pipe dike after completion 

Shortly after its commissioning, the 
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geotechnical pipe dike was directly affected by 
tropical storms. In September 2023, a storm 
severed the mooring lines of 2 to 3 barges. This 
storm caused 2 to 3 barges to drift into the end of 
the dike, completely damaging the upper 2 layers 
of the geotechnical pipe dike. However, thanks to 
the timely and effective coordination of the 
contractor, the damage was quickly repaired within 
15 days to restore the original condition, ensuring 
the stability and continued maintenance of the 
project's function. 

 
 

 

Fig. 12. Geosynthetic tube dike line when barge caused an 
accident 

 

 

Fig. 13. Geosynthetic tube dike after barge accident 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

*Location 1: Corrected location caused by barge 

*Location 2: Location of water overflow causing destruction 
after Typhoon Yagi 

Fig.14. Geosynthetic tube dike after repair 

In 2024, the circulation of Super Typhoon Yagi sent waves 
over the top of the dike and completely destroyed the top 
geodetic pipe (Location 2). However, the inner access road 
works had been completed before that, and the destruction 
of the dike did not cause any significant damage to the 
structure. 

 

Fig. 15. Geosynthetic tube dike after repair 

3 CONCLUSION 

Geotextile tubes are specialized materials in the 
field of geotechnical engineering, which can be 
applied in the construction of temporary dike 
structures for the construction of marine projects. 
The outstanding advantages of geotextile tubes 
are fast construction and cost savings. For projects 
with construction conditions in deep water areas, 
large-diameter geotextile tubes, with heights from 
2.5 to 5.0 m, can be used to form temporary dike 
structures. The method of raising the foundation 
and leveling the bottom is carried out by pumping 
sea sand to the water surface. Hydraulic 
construction techniques, combined with controlled 
slow pumping and positioning methods, have 
proven to be highly effective in the application of 
geotextile tubes. 

Actual results after the completion of 
construction showed that the application of 
geotextile tubes in creating artificial islands fully 
met the technical requirements. The entire 
implementation process was strictly monitored and 
implemented, ensuring that the boreholes 
complied with technical standards and that the 
work related to the pipeline system and material 
transportation was completed completely and 
accurately. 

During more than two years of operation, the 
dike faced many other storms, but only minor 
damage occurred to the top protective layer of the 
structure. This proves the relative stability and 
good resistance of the dike to the impacts of rough 
seas and harsh conditions. 

The temporary dyke constructed over a period 



Subject ID: 134                     Preference for oral 

 

 

of two months has played an important role as a 
viable solution for creating artificial islands and 
supporting bored piles on gentle rock slopes. 
However, due to the limitations in the ability to 
withstand the impacts of large storms, the 
application of geotextile tubes needs to be 
carefully considered and is mainly suitable for 
temporary or short-term support works. 

The construction method using geotextile tubes 
in deep water and sloping rock conditions not only 
brings outstanding efficiency in terms of time and 
cost but also contributes to creating a stable and 
sustainable ground, effectively supporting the next 
stages of the project. This result affirms the 
potential application of geotextile tubes in 
temporary projects with complex construction 
conditions, especially in areas strongly affected by 
waves, currents, and sloping rock. 
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