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Abstract

Geosynthetics materials have been widely used in civil engineering projects in Hong 

Kong for many years. This presentation aims to provide a brief introduction on the 

fundamental concepts and functions of geosynthetics and the types of products with 

different properties to fulfill the need in the industry. The selection and installation 

processes, with reference to completed international and local projects, will be 

discussed from the perspectives of manufacturers and experienced supervisory staff. 

This presentation will also demonstrate how manufacturers and front-line personnel 

could collaboratively work out and modify methods to solve practical problems 

encountered during construction.
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Biographies of Speakers:

• Mr. CHENG Tak Sum
Mr. CHENG has 54 years’ site working experience in different aspects of the civil engineering industry in Hong Kong. He has served as
Site Agent and Construction Manager for several international contractors. He has participated in many prestigious projects like Tuen
Mun Check lap Kok Link Sub Sea Tunnel, Anderson Road Quarry Development, and Fanling Highway Widening. He is familiar with
different techniques in reclamation and is recognized as an expert in this field. Mr. CHENG has been actively engaged as speaker in
numerous technical seminars, organized by professional bodies, to share his experience, and receives well response. His contribution to
the industry is honorable to many consultants and fellow engineers.

• Mr. Wilson FUNG
Mr. FUNG is the Founder of Well Group Hong Kong Ltd., he has 25 years of experience in supplying engineering products, namely
Blackhall Guard Valve, Reservoir Discharge Valve, GrandApex HDPE pipe and fitting with welding equipment tools, Itron AMR Water
meter and wireless communication system. Mr. Fung is also the sole distributor of Tencata Geosynthetics, together with the overseas
manufacturer they developed a soil/ water separator by using Geobag® made from geosynthetics for the Third Runway Project in Hong
Kong.
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Function of This 
Presentation

• 1. Page number – Pls drop down the page 
number for Q&A

• 2. QR code for reference

• 3. Q&A 
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GEOSYNTHETICS

GEOSYNTHETICS can be simply defined as

SYNTHETIC MATERIALS used for

GEO-ENGINEERING applications

5

An Introduction to Geosynthetics
Definition of Geosynthetics



Application of Filter in Hong Kong
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Definition of 
Geosynthetic

Geosynthetics

Permeable 

透水

Geotextile

Geotextile 
related products

Impermeable

不透水

Geo Composite

Geosynthetic 
Barriers

HDPE 
membrane
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Geosynthetics : Raw Materials

• PVC (polyvinyl chloride-聚氯乙烯)  began 

commercial production in 1933

• LDPE (low density polyethylene -低密度聚

乙烯) in 1939

• PA (polyamide) commonly known as Nylon, in 

1939

• PET (polyester -聚酰胺) in 1953

• HDPE (high density polyethylene,高密度聚

乙烯) in 1955

• PP (polypropylene,聚丙烯) in 1955

▪ Today,

▪ PP dominates geotextile production

▪ PET dominates high strength , low creep 

reinforcement geotextile production

▪ PVC and PE dominates geomembrane 

production
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What is PET and PP?
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• Absorbs some amount of water

• materials are highly used in textile industry

• properties such as high strength, high durability, hydrophobic nature and 
quick drying

• Hydrophobic nature - Those that naturally repel water, causing droplets to 
form

Polyester (PET)

• Does not absorb water

• major application as a packaging material

• considered as a tough material. It is also highly resistant to electricity. So it is 
a good electrical insulator.

• Polypropylene is a thermoplastic polymer material that has applications as 
fibers and plastics.

• Thermoplastic  (Polymer can be melted) e.g PE, PVC, PP, PA (Nylon)

Polypropylene (PP)



Geosynthetics – General Production Method

Geotextile

• Weaving編織

• Knitted針織的

• Heat Bonded熱粘合

• Needle Punched針
刺

• Chemical bonded化
學結合

Geotextile related 
Product

• Weaving

• Knitted

• Heat-bonded

• Needle Punched

• Chemical bonded

Geosynthetic Barrier

• Needle Punched

• Chemical Bonded

• Extruded擠壓
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Geotextile Definition

• Planar, Permeable, polymeric (synthetic 
or natural) textile material, which may 
be non-woven, knitted, or woven, used 
in contact with soil and / or other 
material in geotechnical and civil 
engineering application – we can call it 
Geotextile

• 平面的、可滲透的、聚合的（合成或
天然的）紡織材料，可以是無紡布、
針織物或編織物，用於與土壤和/或岩
土工程和土木工程應用中的其他材料
接觸——我們可以稱之為土工布
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Geosynthetics

Permeable

Geotextiles

Nonwoven無紡布

Knitted針織布

Woven編織布
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Functions

The Fundamentals Function of Geosynthetics

STRESS RELIEF

SURFACE 
EROSION 
CONTROL

BARRIER

CONFINEMENT SEPARATION PROTECTION

FILTRATION DRAINAGE 
(Vertical or 
Horizontal)

MOISTURE 
MANAGEMENT

CONTAINMENT

REINFORCEMENT
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Functions of geosynthetics

Functional Application

SEPARATION BARRIER PROTECTION

FILTRATION DRAINAGE (aka TRANSMISSION) SURFICIAL EROSION CONTROL

FRICTIONAL INTERLAYER REINFORCEMENT CONTAINMENT

Functions of 

geotextiles





Standards 
We Need to 

Look At



Tensile Test Equipment – ISO 10319
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Geotextile Standard AS 
3706.2 – Method B – Brab
tensile test Method

Page 15 Standard Page



BS EN 
10139:2015 

Page 4

Make sure your test sample 
width is greater than the 
length of the specimen



Puncture 
Test – ISO 

12236

3/9/23
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Page 15 Standard Page



ISO 12236 – Puncture Test
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Effective Opening Size – ISO 12956



What is O90 Means ?
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! Test the Sample Before Use !
Page 15 Standard Page

AOS-Apparent 
Opening Size ( page 

47 chapter 9)



3/9/23 22



Do Not Trust 
Data Sheet 

from 
Manufacture, 
test it yourself



Permeability 
Values

Explanation of Soil Permeability
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ISO 11058
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George R. Koerner, Ph.D Page 15 Standard Page



Why We Need to Know The Pore Size?

flocculants and coagulants 



Horizontal Water Flow– ISO 12958
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Page 15 Standard Page



GEO’s 
Filtration 

Test Setup



Thickness 2kpa – ISO 9863  
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Page 15 Standard Page



Nonwoven 
Geotextile

• Geotextile made of directionally 
or randomly orientated fibers, 
filaments, or other elements, 
mechanically and/ or thermally 
and / or chemically bonded

• 由定向或隨機定向的纖維、長
絲或其他元素製成的土工布，
機械和/或熱和/或化學粘合
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DRAINAGE 
(Vertical or 
Horizontal)



Extrusion 
Process
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• Production of Filaments and Fibers

• 長絲纖維生產

3/9/23 33
Reference : IGS-international Geosynthetics SocietyProduction Demo



Type of Fibers and Yarns Typically used for Manufacture 
of Geotextiles 

3
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Page 9: Raw Material



Geosynthetics 
: Single 
Components
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Nonwoven Geotextile – Spun Bonding Process
無紡土工布 -紡粘工藝
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Reference : IGS-international Geosynthetics Society



Nonwoven Geotextile – Carding Process
無紡土工布 -梳理工藝
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Bonding 
Process –
Thermal 
Bonding

38
Reference : IGS-international Geosynthetics Society



Bonding 
Process –
Mechanical 
Bonding
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Typical 
Physical 
Properties of 
Nonwoven 
Geotextiles
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Typical 
Heavy Duty 
Nonwoven 
Geotextiles

Page 9 : Raw Material



Staple Fiber 
(Short Fiber)

• Normally, Staple fibre non-woven work well in 
Garden drainage, but not on Civil Engineering 
Project like Landfill or Land Reclamation. 

• •One of the reasons is that we cannot stitch 
short fibre non-woven as well as long filament.

• •We also need to be careful about the wording 
used in some technical data sheets.  For example, 
on our righthand side, the data sheet said it is a 
staple fibre, needle punched.   This is not 
technically correct because short fibre cannot be 
needle punched, it can only press or heat bonded 
or chemically bound. 
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Safety Selection of Geotextile – How You Ask For a 
Submission and Quotation From Supplier?
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Ref: HK WENT Landfill 
Liner System



Ask for these 
Parameters, at 
least! 

1. Physical Characteristic – Continuous 
Filament, UV Stabilized, 100% Needle 
Punched

2. UV Resistance  >70% After 3 Months 
Outdoor Weathering

3. Chemical Resistance – No Influence At Ph 2-
13

4. Tensile Strength (MD / CD) Machine 
Direction And Cross Dimension

5. Tensile Elongation 

6. CBR Puncture Strength

7. Grab Strength 

8. Thickness

9. Apparent Opening Size

10. Do Not Specify Non-woven Base On The 
Nominal Mass Only
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Different Type of Seam
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How Strong a Seam can be?



Stitching 
Example 
(Chain 

Stitching)
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斜波海堤石舉 Non – Woven Job Reference
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斜波海堤石舉
Non – Woven Job Reference



TMCLK-土工布臨時護土牆 - 2015
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Protector on Geo Membrane (non-Woven Geotextile)- Stitching the 
Non-Woven Geotextile
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Woven Geotextile Type

53
3

/9
/2

3

• Woven Fabric, Geo Textile 

• Common geotextile type weaving like usual clothing, two parallel threads or yarns
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Reference : IGS-international Geosynthetics Society
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Reference : IGS-international Geosynthetics Society



Woven Pattern (Kitted)
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GT750- Multifilament yarn GT330- Monofilament yarn GT550- Multifilament / 
Monofilament yarn



Woven Geotextiles 
Function

• Geotextile produced by interlacing, usually 
at right angles, two or more sets of yarns, 
filaments, tapes, or other elements 

• 機織土工布，通常以直角交織兩組或多組
紗線、長絲、帶或其他元素製成
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Typical 
Technical Data 
For Woven PET 
Geotextile –
One Way
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Custom-
made Two-
way Strength 
Woven 
Geotextile
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Woven Geotextile Application
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Sea Wall Protection

• Check product name and Specification

• Garp tensile test 

• Long filament or Short Stable

• Check Product Pattern (Woven)

• Samples needed for each batch for Product test
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• 斜坡堤坡腳土工布鋪設使用舖布船
垂直於海堤方向自上而下一次鋪設完成，
施工推進方向與海堤施工推進方向一致，
当多個作業面開啟時，舖布船喺各個作業
面之間調度。

• 倒濾層土工布舖設施工需結合坡腳
土工布及土工格柵等各分項施工統籌安排
人員、船機設備。分兩次進行鋪設，先用
鋪布船鋪設堤心石標高以下部分，待上部
倒濾層及後方回填完成後再施工堤心石標
高以上部分。土工布鋪設單幅寬度為
25.69m，長度13~16m，使用已縫製好的
100m布在鋪布船上完成裁剪及摺疊
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Other Geotextile 
Type 
• Planar, Permeable, Polymeric (Synthetic 

Or Natural) Material Used In Contact 
With Soil And Or Other Materials In 
Geotechnical And Civil Engineering 
Applications

• 在岩土工程和土木工程應用中用於與
土壤和/或其他材料接觸的平面、可滲
透、聚合物（合成或天然）材料

Geosynthetics

Permeable

• Geogrid 土工格柵

• Geonet 土工網

• Geomat土工地墊

• Geocell 土工格

• Geostrip土工布

• Geocomposite土工聚合布

• Geobag土工袋

Geotextiles
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Typical 
Technical 
Data for 
Geogrid
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Vertical Drain Board 
Application

• Vertical drain board are mostly used to shorted the 
settlement period and thus reduce the construction 
period of a project, and to avoid post-construction 
differential settlements.  

77



GEOSYNTHETICS 78

Polyfelt ® Alidrain PVDs

Functional Application – Transmit Water

Mirafi®

PVD

PVD installation sequence

PVD installation in progress

Metal shoe
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Band Drain Method Development

3/9/23 80

Challenges In Hong Kong Land Supply By Reclamation by Ir. Robin Lee Kui Biu 2014
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GEOSYNTHETICS 82

• Geocomposite drains or geodrains compose of A 

polymer core (net, mesh, structured sheet, etc.) And 

one or two filter geotextile

• Geodrains may come as A sheet or strip form

• The purpose of the geotextile is to allow water to 

pass through but prevent excessive soil entering to 

clog up the drainage core in the long run

• The purpose of the core is to transmit water within 

the plane of the core

An Introduction to Geocomposite drains

Overview of products
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HDPE Flow 
board 

/Woven / 
Non-woven 



Testing of Geocomposite PHD-2
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Geo Composite System 
– PHD2 

• Three-dimensional polymeric structure 
with an interconnected air space in 
between, used in contact with soil and/or 
other materials in geotechnical and civil 
engineering applications

• 三維聚合物結構，其間具有相互連接的
空氣空間，用於在岩土工程和土木工程
應用中與土壤和/或其他材料接觸
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Application of Geo 
Composite
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8號幹線青衣北
繞道与南灣隧
道 (2008)
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Sample of GeoTube® 
Application in Hong Kong
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From Saturday to Monday

2 Days
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Successful Example for Geo Bag 
Application
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https://www.youtube.com/watch?v=DjaDEX707t8
https://www.youtube.com/watch?v=mTpVFI1XMjg


Example of Using Geotube® For Dewatering
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Wan Chai Geo Container Application
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Sea Wall Protection
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Existing Brand in the Market for Slurry Separator



New Design Concept

• Minimum spacing require on site

• One Equipment size for Any size of Geo Bag

• Large storage of dewatered Geo Bag

• All Dry solid remain on site

• Minimum moving parts design, less maintenance cost

• Minimum cost, we can provide module, or on-site design to 
suit different site condition.

• Custom design Polymer for different media



Innovation with Geo Bag –
Woven / Nonwoven 
Geotextile make it into a 
bag for Soil/Water 
Separation

• Testing of different Geotextile with different Polymer

• Using combination of Woven and Non-woven

• Develops the best combination of geotextile bag for every single job 
condition.
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Causing by Heavy 
Rain?

• Can we Prevent it?

• How?
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HDPE Geo 
Membrane

Geosynthetics

Impermeable
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C R A C KS  I N S I D E  
WA L L  O F  N O N -

P E - RC  P I P E  
( P E 1 0 0 +  P I P E  
U N D E R  P O I N T  

LOA D )



PE100 vs 
PE100 RC

Under FNCT Test (4Mpa,2% 
Arkopal N100, 80oC)

• PE100+  > 1000hr

• PE100 RC => 8760hr
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Geo Membrane

HDPE Membrane
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Example for Landfill Liner by Geo Composite

C – Geo Composite PHD-2 (reduce 200mm thickness)

•Horizontal drain board

•Non-Woven cushion

B - Geomembrane/ Clay Layer

•HDPE Membrane

•Bentonite

A – Geo Composite PHD-2 (reduce 200mm thickness)

•Non-Woven

•Horizontal drain board

•Non-Woven

Sub Soil

•Geo Grid
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Ref: HK WENT Landfill 
Liner System
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沉箱建造程(科威預廠記
錄)
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下城門水塘
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Geomemb
rane 
Welding 
Metod
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Geomembrane Welding and Testing
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GEOSYNTHETICS
11

9

Functional Application
Barrier and barrier protection function



Geo Clay Liner - GCL

Low permeability geosynthetic material, used in 
geotechnical and civil engineering applications with 
the purpose of reducing or preventing the flow of fluid 
through the construction.

Geosynthetics

Impermeable

Geotextiles Barriers
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Functional 
Requirement 

of Barrier 
Layers in Liner 

System

阻擋層的功能
要求

• Adequate puncture resistance

•足夠的抗穿刺性

• Adequate tear resistance

•足夠的抗撕裂性

Should withstand loads 
due to moving men and 

machines as well as 
stresses due to waste 

• Should be joinable

• Should be repairable

•可以修復

• Should be self-healing

•可以自愈

Should be easy to 
construct with existing 

technology

• On-site “leak-proof’ checks : quality control tests

•防漏檢查

Should be amenable to 
quality check after 

construction

• High Resistance liner

•高阻力

Should not slip along 
slopes
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Typical 
Property of 

GCL –
Geosynthetic 

Clay Liner
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Why Clay , 
not sand 
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Permeability 
Values
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Permeability 
Requirements
滲透性要求

Permeability (hydraulic conductivity) less than 10-9 m/sec (10-7 cm/sec) 

滲透率（水力傳導率）小於 10-9米/秒（10-7厘米/秒）

At least 3 to 4 layers of compacted clay, each 0.2 to 0.25 m thick, properly 
bonded

至少 3 至 4 層壓實粘土，每層 0.2 至 0.25 米厚，適當粘合

No lumps or clods in compacted clay 

壓實粘土中沒有結塊或土塊

No shrinkage or desiccation cracks (compact and cover) 

無收縮或乾燥裂

Adequate strength 

足夠的強度

No influence of leachate 

無滲濾液影響
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Hong Kong 
Landfill 
Design
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Ref: HK WENT 
Landfill Liner 
System



Typical 
Technical 
Data for Silt 
Curtain
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Silt Curtain Operation 
Photos



TKO Silt Curtain Application
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Do not Mix Up Your Submission Material
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https://www.hdrinc.com/sites/default/files/2017-06/InsideWaste-Solar-Energy-Landfill-Cover-System-Judy-DeVita.pdf
https://www.ifmaatlanta.org/wp-content/uploads/2014/09/news_solar2-1_50mag1.jpg
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Geosynthetic 
Benefits

• Ecological : Significantly lower carbon footprint for construction

• 生態：顯著降低建築的碳足跡

• Safety : Protects vital resources

• 安全：保護重要資源經濟性：更高效的施工、更長的使用壽
命、更少的維護

• Economics : More efficient construction, longer service lives, less 
maintenance

• 經濟性：更高效的施工、更長的使用壽命、更少的維護

• Comport : Easy to handle and install

• 舒適：易於操作和安裝

• Reliable : Far over half of a century of projects and innovations

• 可靠：半個多世紀以來的項目和創新

• Resilience : Enhanced performance (ability to respond, absorb, 
and adapt to, as well as recover in a disruptive event)

• 彈性：增強的性能
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Quality Control is Crucial 
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Summary

Geosynthetics are divided into two main characteristics : Permeable and 
Impermeable

Geosynthetics分為兩個主要特性：透水性和不透水性

Geosynthetics are used to fulfil hydraulically and / or mechanical 
functions

Geosynthetics用於實現水力和/或機械功能

Geosynthetics can fulfil one or more functions at the same time

Geosynthetics可以同時實現一種或多種功能

Different products fulfil different functions

不同的產品實現不同的功能

Geosynthetics offer add-on benefits

Geosynthetics具有附加優勢
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GEOSYNTHETICS

Can you name the Classification of Geosynthetics ? 

144

Geotextiles
Geosynthetic Clay

Liners (GCL)
Geomembranes

Geosynthetics

Geonets

Geogrids Geocells
Geocomposite Drains

(Geodrains)

Geomats Geoblankets

Geo-others



GEOSYNTHETICS

GEOTEXTILES can be simply defined as

TEXTILES used for

GEO-TECHNICAL, GEO-HYDRAULIC & GEO-ENVIRONMENTAL applications

14

5

An Introduction to Geotextiles
Definition & Classification of Geotextiles

Woven geotextile Nonwoven geotextileKnitted geotextile Composite geotextile

Base material often referred to in manufacture.  eg. PE, PP, PET, Nylon, Kevlar, coir, 
etc.



GEOSYNTHETICS

An Introduction to Geotextiles
Types of yarns
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You Want Left, or Right ?
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Short Fiber or Stable Fiber Coconut Fiber



You Want Left, or Right ?
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GEOSYNTHETICS 149

Engineering Problem 
Low bearing capacity subgrades



GEOSYNTHETICS

Engineering Problem 
Weak and compressible foundation soils
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「深層水泥拌合法」第二次實地測試
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