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Design with Geomembrane 

Against Ground Settlement and 

State of Art Waterproofing Testing 
From the construction of the lagoon at Venetian Hotel, Macau  

The lagoon (23,000 m2 by area) was originally designed as a concrete 
structure supported by massive piling system - expecting substantial 
settlement on the reclaimed soft material. A flexible membrane lining 
waterproofing system which could “float on the soft ground” was eventually 
adopted to save extensive structure and piling costs. We undertook the lining 
system design, material supply, installation, testing, commissioning and 
warranty. HDPE geomembrane found the best economics, long term 
performance and ease of handling amongst several material such as EPDM 
and GCL. 
Design conceptualization, preparation and appraisal kicked off in early 2005, 
tender was let in October and work was completed in July the next year 
under a tight program, meeting the official opening of Venetian Casino on 
28th of August, 2006. The design covers choice of material, calculation, 
engineering analysis, shop drawings,  testing and mock up. 

Engineering consideration: 
1) Differential settlement of subgrade  
2) Presence of ground water,  
3) Gas generated from reclaimed deposit 
4) Ozone & water filtering chemicals 
5) Permanent exposure to UV and  
6) Structural joint movement   
        accommodation 
 
Installation  consideration: 
1) Termination to structure 
2) Subgrade preparation 
3) Protection to membrane 
4) E & M piping penetration 
5) Pipe trenching  and  
6) Integrity monitoring 

Client’s requirement 
1) Draining the lagoon for maintenance 
2) Gondola  pole impact 
3) E & M maintenance 
4) Color scheme & aesthetics and  
5) Water sports activities 

Design of Lining System 

was Focused on Several  

Considerations 

 

Know More 

1. 

Lagoon at Venetian Hotel, Macau 
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Two aspects of design received particular attention: 
Settlement - Given that the predicted settlement was 140 mm in 10 years and 230 mm in 50 years and with a water 
depth of 1.2 m, membrane along the rigid peripheral wall would yield excessively when subgrade subsides. A membrane 
wave was designed to allow the membrane to elongate, maintaining the yield strain within limit.  

New Application 

Vacuum Consolidation with Band Drain 
 

Vacuum consolidation is designed to accelerate the consolidation of soft saturated fine grain soil. The system consists 
of installing prefabricated vertical drains, individually connected below the surface to vacuum transmission pipes. 
These pipes are connected to a horizontal tubing system by means of specially developed airtight T-couplings. The so-
called drainage screens, a row of vertical drains that are connected at the top to a horizontal grid, are brought outside 
the surcharge (if any) and connected to a combined vacuum air pump. Water is drawn quickly and continuously as long 
as the pumps are activated.   

Illustration of vacuum system  Vacuum consolidation in the field 

Construction damage - Facade construction and other trades require access working over the membrane, damage is 
inevitable. Leak location survey special technique was employed to electronically scan the membrane surface for 
punctures, identifying pin hole to the mm. Last minute repair was possible.  

Leak location scanning with specialized electronic probe 
and monitor 

2. 

Geomembrane wave to alleviate settlement 
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Opinion Column 

Geosynthetics has evolved into a common versatile construction material. Soil filter geotextile was first used when 
Terram geotextile made their debut in the early 80’s. 10 years later, extensive applications were developed in NENT, 
WENT and SENT landfill where leachate is mostly intercepted by geomembrane and geocomposite. Geogrid soil 
reinforcement and geocell erosion control came in the 90’s followed by geotextile container and silt curtain after 
another decade. We saw, in the last 30 years, a large variety of material, whatever brand, introduced through various 
channels for a wide range of applications at many peculiar site condition with conflicting specifications referenced to 
multi national testing standard (ASTM, ISO, JIS, BG etc). Confusion accumulates, and indeed, an appropriate way to 
standardize  product specification or to clarify interpretation are beneficial to practitioners. We wish to initiate the 
mission and suggestions are most welcome.  

Technical Note 

History of geosynthetics and standardization of specification 

Durability of HDPE 

A frequently asked question about geomembrane is how long it can last. Potential degradation to HDPE includes 
chemical and physical reactions, which need oxidizing agents (generally oxygen & nitric oxide) and high energy for it to 
occur (UV sunlight). The addition of antioxidants, stabilizing additives and carbon black to the geomembrane make 
them even more stable.  Meanwhile, polyethylene is inert, chemical reaction is unlikely. 
 
The effect of aging is best evaluated by observations of actual performance in service. The first HDPE geomembranes 
were first used in 1973 in Europe.  To date, HDPE geomembranes have been used, exposed or buried for 38 years, 
which confirms the satisfactory performance of HDPE geomembrane (reference to article “Durability of HDPE 
geomembranes by L.G. Tisinger and J.P. Giroud ). Evident supports the conclusion that, like waterproofing and landfill 
where levels of oxidizing agents and energy are low, HDPE geomembranes should last a very long time, 100 years 
design life is taken as norm.  

The advantage of this method over the traditional sealing by geomembrane is that leaks are fully traceable even after 
surcharge loading. This loading process creates an accelerated isotropic consolidation in the soil mass in a relatively 
short time, eliminating the need for long-term and potentially unstable surcharge loads. 1,000 mm settlement  in 100 
days was recorded.  
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HDPE lining system to water recreation center, 
Inspiration Lake, Hong Kong Disneyland 

Supply and installation of HDPE membrane as leak 
detection layer, permanent aviation fuel facility 
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Reader’s Response 

Let us hear from you. Write to us at newsletter@g-and-e.com. 

Disclaimer 

The materials contained in this newsletter are provided for general information purposes only and do not constitute legal or 

other professional advice on any subject matter. 

G and E Company Limited 
14th Floor, Kiu Yin Commercial Building, 361-363 Lockhart Road, Wanchai, Hong Kong 

Tel: 2570 0103   Fax: 2570 0089   e-mail: newsletter@g-and-e.com website: www.g-and-e.com 

Tell a Colleague 
Want your colleague to receive G and E Times also, click here. 

Unsubscribe 

If you do not wish to receive G and E Times in the future, please reply to this e-mail stating “Unsubscribe” in the subject. 
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For Your Information 

What is IGAI? 

IAGI stands for International Association of Geosynthetics Installers. It was founded in 1995 as a 
national professional association in the USA. IGAI is a forum of worldwide geosynthetics installer 
to advance installation and construction techniques to strengthen knowledge within the 
industry. As a member, our field crew is able to, learn, exchange and share working experience 
with new geosynthetics and latest installation expertise.  

What is IGS? 

IGS stands for International Geosynthetics Society, a learned society dedicated to the scientific 
and engineering development of geosynthetics, related product and technologies. It was 
founded by a group of geotechnical engineer and textile specialist in 1983 and culminates into 
a prestigious knowledge body today, a library of information that Hong Kong is too small to 
develop. As a member, we take our clients to enjoy the privilege of the resourcefulness.  
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