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Presenter Notes
簡報註解
Besides our core services in the geotechnical engineering field including landslide risk management, control of geotechnical works, development of geotechnical standards & guidelines, etc.
GEO’s services are expanding in areas of material testing, prefabricated steel yard, reclamation, underground quarrying and cavern development.
[Next] This presentation introduces our advancement in construction materials testing and how we revolutionize the Public Works Laboratories.


Materials and Testing Division

Forensic Testing

Provide testing services to
forensic investigations
conducted by Government
Departments

Undertake construction
materials compliance testing
according to international and
local standards

. Research and Development
Sett"]g Standards
Explore and research into new

Develop and promulgate construction materials and
construction materials testing develop new testing
standards in collaboration techniques to meet the needs
with industry stakeholders of construction industry
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簡報註解
PWL provides Material Testing Services including:
Construction Materials Testing
Setting Standards
Research and Development
Forensic Testing
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Construction Materials Testing

Public Works Laboratories provides an extensive range of material testing services
More than 600,000 tests for Government projects annually

More than 200,000 concrete cube tests for Government projects annually

More than steel rebar tensile tests for Government projects annually

More than 390 laboratory tests in our test directory

Steel Testing

Soil and Rock Testing

General Materials Testing

Chemical Testing

Calibration Services



Presenter Notes
簡報註解
More than 600,000 tests for Government projects are conducted annually
Among various construction materials, concrete is the most commonly used in Hong Kong and there is a great demand of concrete cube tests.  Every year, more than 200,000 concrete cube samples are tested by PWL.
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Pain Points

Increasing testing demand to cope with upcoming expeditious infrastructure and housing developments
Manpower shortage is becoming more serious

Conventional test procedures are tedious, repetitive and labour-intensive
Reliability of test results may be affected by workmanship and human errors

Need to improve the occupational safety and health of laboratory staff
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Presenter Notes
簡報註解
The testing demand is expected to increase in the coming years, particularly to cope with the upcoming expeditious infrastructure and housing developments (e.g. Northern Metropolis, Harbour Metropolis).  
Indeed, the manpower resources in the testing industry has become an issue.  There is an imminent need to reengineer the testing process with automation to avoid this process from becoming the bottle neck that may adversely affect construction progress.
Conventional test procedures are tedious, repetitive and labour-intensive.  Moreover, as the tests are conducted manually, the reliability of test results may be affected by workmanship (e.g. insufficient cleaning of the platens prior to compression tests of concrete cubes) and human mistakes (e.g. failing to retrieve and test samples within the specified time periods (e.g. 28th day+/-8hrs), testing cube samples on wrong sides, mistakes in recording test results on paper forms or inputting test results to computer, etc.).  Additional manpower is often required for checking and supervision to ensure reliability of test results.
There is also a need to improve the occupational safety and health of laboratory staff to meet the escalated public expectation.






Presenter Notes
簡報註解
That’s why we come up with an idea to modernize our laboratories and introduced the automated testing systems with an aim of enhancing efficiency, quality and reliability of the construction materials testing as well as occupational safety and health of laboratory personnel.



Market Research

* No Automation Experience in local construction
materials testing industry
X In Dec 2017, we visited overseas laboratories with
Automation Experience
X Laboratory with Automated Steel Rebar
Testing System in Germany
X For steel rebar testing, the automation
technology is mature
X Laboratory with Semi-Automated Concrete
Cube Testing System in Switzerland
™ For concrete cube testing, not a fully automated

testing system (i.e. from curing to testing)


Presenter Notes
簡報註解
Before we introduced the automated testing systems, there was no automation experience in the local construction materials testing industry.
We visited overseas laboratories with Automation Experience in Germany and Switzerland in 2017.
For steel rebar testing, the automation technology is mature (>10 years experience)
For concrete cube testing, to our best knowledge, there had not been a fully automated system worldwide to automate the entire testing process from concrete cube curing to compression test. 



Pioneer Automation Systems

X Concrete Cube Testing and Steel Rebar Testing were selected as the pilot projects
* Huge Test Demand (totally ~300,000 tests p.a.)
X Critical to Structural Safety and Serviceability
X Fill Compaction Related Testing (e.g. Proctor Compaction Test) were also selected
* Upcoming Expeditious Infrastructure Projects (Reclamation, Site Formation, Earth Filling)
X Critical to Slope, Foundation and Reclamation Stability and Quality
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簡報註解
We therefore selected concrete cube testing, steel rebar testing and fill compaction related testing as pioneer automation systems for development as these testing are more popular.
And are critical to the safety and quality control of infrastructure development.



Artificial Intelligence (Al)

HJD*.

Adoption of Innovation and Technology
From Manual to

l Automation

u Internet-of-Things
(loT)

Robotics
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簡報註解
With the adoption of I&T including Artificial Intelligence (AI), Robotics and Internet-of-Things (IoT),
Migrating conventional manual testing procedures into automation and developed three automated testing systems.




Automated Testing Systems

Automated Concrete
Cube Testing System

‘ Automated Steel Reinforcing
Automated Proctor Bar Testing System
Compaction Test System


Presenter Notes
簡報註解
Recently developed automated testing systems covering concrete cube, steel rebar and soil testing


Automated Testing Systems Development Process

Funded by TechConnect Block Vote from
the then Innovation and Technology Bureau
(ITB), started developing the Automated
Proctor Compaction Test System

Collaborated with Logistics and Supply

o . Chain MultiTech R&D Centre (LSCM) to
GEO initiated the feasibility

. develop the Autornated Concrete Cube
study on the adoption of Testina Svsten
automation technology in L
construction materials testing
2015 2020
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Collaborated with other I&T organisations
to develop the Automated Proctor
Compaction Test System
and introduced the Automated Steel
Rebar Testing System

Funded by TechConnect Block Vote from
the then Innovation and Technology
Bureau (ITB), started developing the

Autornated Concrete Cube Testing Systern


Presenter Notes
簡報註解
Initiated the feasibility study on the adoption of automation technology in construction materials testing in 2017
Funded by TechConnect Block Vote from the then Innovation and Technology Bureau (ITB) [now ITIB] and collaborated with the Logistics and Supply Chain MultiTech R&D Centre (LSCM) to develop the Automated Concrete Cube Testing System in 2018
Also developing other automated testing systems (i.e. steel rebar and proctor compaction testing systems) since 2019.



Automated Testing Systems Development Process

Automated Concrete Automated Steel Automated Proctor
Cube [esting System Rebar Testing System Compaction Test System
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Roll out of Autornaied Concrete Cube Completed the development of
Tesiing Systern and Automated Steel Automated Proctor Compaction
Rebar Testing System Test System
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簡報註解
Roll out of Automated Concrete Cube Testing System and Automated Steel Rebar Testing System in 2022
Completed the development of Automated Proctor Compaction Test System in 2023



Conventional Concrete Cube Test Procedures

Manually placing test samples
into curing tank

Dimension measurement by caliper

Note. All four exposed faces are cracked approxima
with licle damage to faces in contact with the

Satisfactory Fracture

mf@ @

Carrying out compression test within
the required testing time frame

Unsatisfactory Fracture

Identification of fracture pattern
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簡報註解
Conventional Concrete Cube Test Procedures involve various manual handling operations and rely heavily on the operators’ experiences (e.g. identification of fracture pattern in accordance with CS1)



Concrete Cube Testing System

From Concrete Curing to Compression Testing
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簡報註解
That’s why we developed the World’s First Fully Automated Concrete Cube Testing System.


Technological Advancement

X The World’s First System automating the entire concrete cube testing process
*e Radio Frequency ldentification, Custom-made Telescopic Hoist, 6-axis Robotic Arm with

movement accurate to 0.05mm
* Newly developed Computer Vision Algorithm to identify the fracture mode of a tested concrete

cube by the Artificial Intelligence System
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Presenter Notes
簡報註解
The system is the first of its kind which automates the entire laboratory services pertaining to concrete cube testing. 
Various technologies and custom-made components, such as Radio Frequency Identification (RFID), the telescopic hoist, the robotic arm with movement accurate to 0.05mm, are adopted to achieve full automation.
Three cameras are set up at precise angles to capture the fracture patterns of the concrete samples upon completion of the compression test.  The system is equipped with a newly developed computer vision algorithm to identify unusual features (such as tensile cracks or uneven distribution of cracks) to identify the fracture mode of a tested concrete cube by the Artificial Intelligence System. 


Conventional Steel Rebar Test Procedures
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Length measurement Mass measurement Inscribing equidistant marks on Setting up Universal Testing

test specimen Machine

d

Measurement of the final Tensile test (removing Fixing extensometer to the test Gripping test specimen in the
gauge length extensometer upon yielding) specimen machine
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簡報註解
Conventional Steel Rebar Test Procedures also involve various manual handling operations and rely heavily on the operators’ experiences (e.g. preparation of equidistant marks on the test specimen, fixing the clip-on type extensometer on the test specimen).
Also the mounted extensometer shall be removed upon rebar yielding which is a fairly risky and disruptive process.



Automated Steel Rebar Testlng Systm

2000kN Universal
Testing Machine

Robotic Arm

Temperature Chamber S ; £N | B ——— S
for aging of decoiled bar ;
(if required)

Mass and Length

Measurement Device SUIEED (ECRER

Measurement Device


Presenter Notes
簡報註解
3 optical extensometers (first use in HK) are installed on the Universal Testing Machine to measure in real time the strain of the steel rebars during tensile testing with resolution up to 1 μm.  It automatically detects the necking position of the steel rebars.
The system also automatically measures the surface geometry of the steel rebars.  The steel rebar is optically captured from different angles by three high-resolution cameras.  The image processing unit would digitise the image and search for transitions to determine the geometric measurement.


Conventional Proctor Test Procedures
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Test Sieve Riffle Box Adding water and mixing 4.5kg Rammer CBR Mould


Presenter Notes
簡報註解
Amongst the various fill compaction control tests, Proctor Compaction Test is the most labour intensive test, which involves manual handling of fill materials (e.g. for coarse-grained soil susceptible to crushing, min. 80kg is required) and laborious compaction of fill materials (e.g. compact the soil in 5 layers by a 4.5kg rammer.  For each layer, apply 62 blows for a CBR mould; totally 1550 blows for 5 samples in order to plot 5 points (i.e. dry density vs moisture content) to obtain the maximum dry density of the soil sample and then for calculation of the relative degree of compaction, typ. 95% is required).


Automated Testing System for Proctor Test

Real-Time Monitors
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簡報註解
The development of the automated system for Proctor Compaction Test reduces laborious effort to improve the occupational health and safety of test technicians, as well as enhance the efficiency and effectiveness of fill compaction control tests.


ELECTRONIC
TEST REPORTS

Affirmed by the Hong Kong
Accreditation Service (HKAS)
that the issuance of electronic
test reports conforms to its
accreditation requirements.

LEGALLY ENFORCEABLE

* The digital signatures on the reports are authorised and issued
9 by a certification authority recognised under the Electronics
Transaction Ordinance (ETO) (Cap. 553).
+ Digitally signed test reports are protected. Any modification to
the test reports would render the digital signatures invalid.

ENHANCED SITE MANAGEMENT EFFICIENCY

» Data required can be extracted autonomously by computer
systems. Manual data input is no longer needed, which avoids
any human errors.

* The implementation of electronic test reports reduces manual
filing process and storage spaces required. The risk of test
reports being tampered with or accidentally lost can also be
minimised.

~ PAPERLESS CULTURE

* Approximately 2 million sheets of A4-size paper (equivalent to
200 trees) can be saved per annum, contributing to the
preservation of precious forest resources.

CO,

NEUTRAL

2050



Presenter Notes
簡報註解
Since 1st August 2023, the Public Works Laboratories and our contract laboratories issue electronic test reports, replacing the paper reports issued by fax or by post in the conventional way.  This arrangement applies to all new and ongoing government engineering projects.
The issuance of electronic test reports is affirmed by the HKAS and is legally enforceable.  It could also enhance the site management efficiency and promote a paperless culture in the construction materials testing industry. 




LIMS E-Portal

Il. Revamped LIMS for Handling Test Requests
(for registered user only)

' PUBLIC WORKS LAéORATORIES

I. Test-related Information Hub lll. E-reports Validation Engine

To ensure reliable, efficient and effective construction testing

Information Hub Laboratory Information Management System Portal Validation of Electronic Test Reports

User ID: I Enter user ID
Password: I Enter password @&

Registration €

Or

@ Login with iAM Smart

More info for iAM Smart
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簡報註解
We are also finalising a new web-based e-portal of LIMS (Laboratory Information Management System) which is expected to be launched in the coming months. 
The customers can log into the LIMS e-Portal anytime and anywhere and submit their test requests or download the e-test reports electronically. 
The whole process, from submission of test requests, through sample collection/delivery to dissemination of e-reports, will become paperless. 


Publicity

* Overwhelming responses from industry practitioners and academia

X Wide media coverage

* Strong interest from the public instilled
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by industrial practitioners
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簡報註解
We organized several briefing to the media to showcase our successful development of the automated testing systems.  The response from the media, including TV broadcast and newspapers, was enormous.  The news articles and TV news were very appealing to the public, which helped uplift and enhance the image of the engineering profession.
To further promote our success to the public, we participated and organized several events and visits for the public and other government departments to share our successful experience to industry practitioners and instill passion in the engineering field in the young generation.




Awards

* HKIE Grand Award 2023 (Industrial Category) - Certificate of Merit
X 48th International Exhibition of Inventions Geneva 2023 - Bronze Medal

* 3rd Asia Exhibition of Innovations and Inventions Hong Kong - Gold Medal
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簡報註解
The automated concrete cube testing system had been awarded:
a Certificate of Merit in the Industrial Category of the HKIE Grand Award 2023 [香港工程師學會大獎2023（工業類別）], 
the Bronze Medal in the 48th International Exhibition of Inventions Geneva 2023 [2023年日內瓦國際發明展] and 
the Gold Medal in the 3rd Asia Exhibition of Innovations and Inventions Hong Kong [第3屆亞洲創新發明展覽會].


Positive Impact on the Material Testing Industry

* Successful application of innovative and advanced technologies

* Showcase and stimulates the modernisation of construction materials testing industry

Robotics

ZTQ% | ntelligent
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Laboratory Testing
Knowledge


Presenter Notes
簡報註解
Conventional construction materials testing industry in Hong Kong adopts conventional testing methods with little application of innovative and advanced technologies.  These projects have demonstrated the technical applicability of automating material testing and its significant enhancement in the efficiency, quality and reliability of the testing services.
The successful implementation of these pioneer automation systems serves as a showcase and stimulates the modernisation of the construction materials testing industry in Hong Kong. 
The construction industry sometimes gives misconceptions to the younger generation that it is dirty, dangerous and dull [3D].
In these pioneering projects, we successfully utilise our expertise, which is laboratory testing knowledge, and collaborate with a research institute and service providers in the construction material testing industry to apply their expertise, which are robotics, artificial intelligence, and internet of things, to fully automate the material testing process.
Yet, we are not getting complacent and more automation projects are in the pipeline.
We are dedicated to apply more innovation and technologies to our services with a view to projecting an “EASI” image of the industry, which are, Exciting, Advanced, Sustainable and Intelligent.


Smart Laboratory of Tomorrow

* The PWCL will be reprovisioned in caverns at Anderson Road Quarry Site by 2027.
* A Digital Twin platform will be implemented, consisting of an Asset Management System
integrated with BIM with loT devices and a customised dashboard for monitoring,

managing and maintaining various built assets in the cavern laboratory.

@8 " Dimension subject to further study

CCTV (Lift Lobby) .
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簡報註解
That’s the end of my presentation.  Thank you!
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