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INTRODUCTION

GeoBarrier System (GBS)

. Innovative, earth retention system
. Addresses slope failures and soil erosion

. Provides an environmentally friendly, robust and
greener alternative to traditional reinforced
concrete or soil wall

. Co-developed by HDB and NTU

. Being able to collaborate with HDB and NTU,
giving great credibility to this project.

. Hocklim Engineering developed the subsystems

to improve the production, quality and adoption of
the GBS
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HOW THE GEOBARRIER SYSTEM WORKS

The “Barrier” Effect

» The fine and coarse-grained layer has distinct hydraulic properties
creating a “barrier effect”, which allows the rainwater to be diverted
away while keeping the slope at high stability, making it an ideal
solution against rainfall-induced slope failure

Soil remains dry



BENEFITS OF GEOBARRIER SYSTEM

Reduces Risk of Flooding Enhances Greenery Uses Recycled Materials
Reduces CO2 Emission Natural Light & Ventilation Space optimization
Enhances Slope Stability Reduces Urban Heat Island Effect Environmentally Friendly



CAUSES AND IMPACT

Due to geographical location and climate
change in the Southeast Asian region

Rainfall Induced Slope Failure

¥

GBS is THE ideal solution

¥

To facilitate widespread adoption of GBS Maximun daily rainfall (1982-2017)
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INNOVATIVE SOLUTIONS

DfMA

Best Practice
Guide

Invention of
the
interlocking
straps

3D Scanning

Technology

Sensor
& Compaction
Development
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SEMI-AUTOMATIC ASSEMBLY LINE

Prefilled pre-compacted technology
Productivity Improvement

Process: From manual filling to
manufacturing processing. Geobags are
filled by semi-automatic hoppers.
Before: 7 bags per day

After: 15 bags per day

Promotes Lego Style modular
construction (DfMA)



CREATION OF SPECIALIZED TOOLS

Due to Deformation of Geobags

Invention of Interlocking Straps

Application: Use as Interlocking strap,
horizontal internal straps, lifting straps

« Improve the structure of the Geobags

« Rectify any deformations of the
Geobags

» Improve the slope stability




CREATION OF SPECIALIZED TOOLS

3D Scanning Technology

Productivity Improvement

Process: Deformation Scanning of
Geobags

Before: 4 bags a day

After: 30 bags a day



CREATION OF SPECIALIZED TOOLS

Material Compaction Tools
Productivity Improvement

Process: Soil Compaction in GeoBags
Before: 10 bags a day

After: 30 bags a day



CREATION OF SPECIALIZED TOOLS

Used Sensors to confirm optimal compaction of Geobags

Q.C. PASSED

ceosaGID: S| 66

PROCESS: FILL & COMPACT

TESTED FOR: MOISTURE CONTENT
DE

TEST DATE: )1 /n, /jgu
S5

SIGNED:

| SS=—re

Example of Quality Control Card




BEST PRACTICE GUIDE

Construction manual was later expanded into guides for architects and engineers
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BEST PRACTICE GUIDE

30 Scanning

Technelogy

Senser

& Compaction
Dovslopment

Wants the industry to scale UP by guiding them on why it works and how it works
m A Climate Resilient Solution 12 Manual Design Calculation

According to Eurocode 7, the GeoBarrier System is to b designed for Uimste Linit State
Unlike conventional reinforced soil wall, the GBS can maintain slope strength even during rainfall periods, ° . v o

Setting Up {ULS). A sample of the calculation can be found st the end of this manusl.
making it an ideal solution to address one of Singapore's climate change risk - increasing occurence

This partis to ensure the Geobaa is shaped properly before filing, of rainfall-induced slope failure due to heavier rainfall. This is because the difference in pemeabilty in .
imate stat
’ e Yo the distinct layers of the GBS alk ater infittration to be directed away from the slope, preventin
1. Consider fabricating a steel mould to provide a firm and regular shape to the empty o o I e I ey 5 9
GeoBag. oversaturation. The rainwater is channelled through one of the layers which helps to slow down runoffs Design effect of actions E, < Design resistance R,
e (refer to Figure 2). This reduces risk of flooding in urbs nments which is also increasingly b
2. Place the GeoBag into the mould and clamp the edges securely. ¢ b:m'%‘"' ) 5 '“| o RO o nemok ingly becoming Combination 1: A1 +M1 + R1
a problem due to climate change. 3
3. Prepare the filling by placing the materials into the GeoBag, (s S LB
o Compadion GBS does not use any concrete o steel, thus it has very low carbon footprint as compared to other earth Lot A o el s g o
Filling and Compaction
retention methods such as reinforced concrete walis. In 2018 alone, manufacturing of concrete worldwide
This part ensures that the Geobag is fully filled and ready to be used. has contributed up to 8% of annual global carbon dioxide emission'.
Combination 1 Combination 2
1. Fill the GeoBag until around 100mm in depth Paramators
LLLE wo | owm | m | oa | we | o
Actons vedst | 138 10
Permancn
% - 10
Variable Vaidst 15 13
s 130 v 10 135
L Effoctive cohosion " 10 128
Undmined sreogin | e 10 14
2. Proceed to compact the first layer by dropping the compaction hammer evenly over the Unconfied srengin | 10 14
surface after compaction of the material, the given height in the image below is T T
recommended and does not need to be followed strictly. Proceed to use a soil moisture L L w d

sensor to check the layer. The moisture content should be between 10% to 15% as
obtained from the compaction curve.
<]

1.3 Key Design Checks
The factor of safity (F.O.S) for the GBS is fo be chacked for the folloming candiions:

Drsined case (DA1 COM1 & DA1 GOMZ)
Undrsined case (DA1 COM1 & DA1 COM2)

GeoTextle check (DAT COM1 & DAT COM2)

GeoTextie sliding between layers check

Grerturning (EQU)

Sliging and Besring Gapacity check (DA COM1 & DA COM2)
Consolidstion & Settlement check

Moisture
sensor

EEE P I

Figure 2. Managing Surface Runoff







CHALLENGES FACED

Tucker's 5 stages of team development

HOUSING & NANYANG Performing
DEVELOPMENT _ = | TECHNOLOGICAL A
BOARD Q=

Adjourning
Forming

Norming
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TEAM EFFECTIVENESS

Storming

PERFORMANCE IMPACT

Enhancement to GeoBarrier System







EXECUTION STRATEGY- MILESTONES

Panelist and exhibitor in SFF x SWITCH 2020

c o] HDB Cool Ideas Enterprise (in partnership with ESG
SLETEN pg . !

Moderator Panellists

Teo Hong ’ 6 Sally You

Koh Guan Bian

Hosted

Guest speaker for Industry Innovation Dialogue (NTUitive)

INDUSTRY INNOVATION DIALO

BUILDING
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4 SEPTEMBER 2019

| TEMASEK ROOM, LEVEL 2
1A CUSCADEN ROAD, SINGAPORE 24971,

PROGRAMME RUNDOWN

Reglstration | Weicome Coffes/Tea

and Innovation Strategles In Construction
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Networking Session | Tea Break
the-Art Performance-based Fire Design of MEP Support System
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Trends In Construction Robotics
OF Chen I Ming, Feendar, Framiorme hob

A Geotechnical Approach to Urban Stope Stal
My chye hen, Chist Exwcutive Officer, Mot im s P
2 The Potential of 30 Printing for Construction

Networking Session | Buffet Lunch

Contact Us: +65 65923652 | ntultiveinfo@ntultve.sg | www.ntultive.sg




EXECUTION STRATEGY- MILESTONES

1st Private Property GBS Project completed - Cheng Soon
COOL IDEAS EN T R B Garden with LianHeZaoBao coverage
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RESULTS - MACRO

HDB Projects

Non HDB projects in
Discussion (Sentosa,
NParks, SLA)

Private Property Project




RESULTS - MACRO

Effects of widespread adoption
LT !
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Engineering MasterClass Webinar: Application of Un-Saturated Soil

Mechanics
Event by PT GeoStruktur Sistem Solusindo

@l Online
5] Sat Jun 19, 2021, 10:30 AM - 12:30 PM (your local time)

1FAIRQ

ink

7 Registration link - "

Yuan Shen Chua and 155 other attendees
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About

The understanding of unsaturated soil mechanics principles is of interest te a wide spectrum of geotechnical problems
associated with soils above the water table and compacted soils. Unsaturated soil between ground surface and water
table is the interface zone batween soil and environment. The unsaturated zone plays an important role in determining
the impact of climate change such as increasingly frequent rainfall of high intensity or prolonged drought on
geotechnical structures. In addition, most geotechnical structures are made from compacted soils that are unsaturated,
Therefore, understanding of unsaturated soil behavior is paramount in geatechnical engineering, particularly in
mitigating the impact of climate change.

loin our upcoming webinar on 19th June 9.30 AM WIB to learn:

1. Stress state variables and canstitutive equations based on the unsaturated soil mechanics principles.
2. Laboratory testing for characterization of unsaturated soils

3. Measurements of matric suction (or negative pore-water pressures)

4, Application of unsaturated soil mechanics in solving geotechnical engineering problems with commercial
geotechnical saftware.




RESULTS - BUSINESS

Licensing Business Distribution

development
. to Overseas
& commercial

Business
Model results Market




RESULTS - MACRO

_

Productivity improvements 1) Overall Efficiency of DfMA Approach resulted in cost savings
2) Leveraging on technology reduced the reliance on foreign manpower.

Revenue Improvements 1) Gained new market segment in Geotechnical Engineering.
2) CAGR of 18% for past 3 years

New Products 1) Spin off products e.g. GBS-mini for shorter slopes
2) Hocklim new business unit - instrumentation sensor market



RESULTS - MACRO

Resus e

Customer markets 1) Government Agencies - NParks, SLA, PUB.
2) HDB Building projects
3) Export solution overseas and filing patents

Return on investments Breakeven point with 3 HDB projects secured so far




INDUSTRY TRANSFORMATION MAP
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St Construction Industry Transformation Map e
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AvRgap The collective effort of Hocklim, NTU and HDB
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Digitalised Work Processes




BENEFITS OF COOL IDEAS ENTERPRISE

Able to liaise with multiple agencies and tap on their vast resources

Funding Support from Enterprise Singapore Pilotin R

+  Receive funding support of up to 70% of the development cost HERERaieE

Technical inputs from professionals

»  Be mentored by Professionals in technical fields

Testbed opportunities

» Access to HDB's facilities and testbed sites for performance testing Jostbed

Industry showcases Facilities Mentorship

»  Pilot your solution across HDB's Estates

Cool Ideas Enterprise serve as a one stop platform for streamlining the overall development process

by at least 20 y
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