
Ir Jenny F Yeung
Chairperson, Steering Committee on Concrete Technology

Recent Foci on Concrete Technology 
– from Constituents to Compliance

https://www.discoverhongkong.com/hk-tc/explore/attractions/best-ways-to-marvel-at-iconic-victoria-harbour.html
1

簡報者
簡報註解
Good morning, Ladies and Gentlemen.
This morning, I have shared with you the role and vision of the Standing Committee on Concrete Technology (SCCT).
As the Chairperson, I am also very glad to have this opportunity to introduce our recent foci and various work on concrete technology. [CLICK]
 



 Constituents
 SCM - GGBS
 Aggregates – Volcanic Rock

 Innovative Concrete Mixes

 Testing and Compliance
 Automated Testing System
 Maturity Method
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簡報者
簡報註解
Concrete is the most commonly used construction material in Hong Kong, which is used extensively in public works projects, including infrastructures and buildings.  
Its quality and performance therefore deserve high attention.  
Over the years, the SCCT has coordinated various reviews and studies to facilitate the technical advancement and use of concrete in Hong Kong.
Today, I will focus on some of our recent work in respect of constituents, innovative concrete mixes to compliance testing.[CLICK]
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Wider Use of GGBS Concrete

簡報者
簡報註解
First of all, I will talk about the wider use of GGBS concrete.
With a view to reducing carbon emission of concrete production, we are actively exploring the use of alternative cementitious materials to replace cement.  
In Hong Kong, Pulverised Fine Ash (PFA) has been widely used as a supplementary cementitious material (SCM) in the past decades, due to its lower cost and stable supply.
However, as the local supply of PFA is decreasing, GGBS becomes a suitable alternative. [CLICK]
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簡報者
簡報註解
As seen in the chart above, though PFA produces the lowest carbon emission, the allowable replacement ratio is much lower than that of GGBS.
If we compare PFA concrete with a 30% replacement ratio to GGBS concrete with a 60% replacement, GGBS concrete allows a further reduction of about 36% of CO2 emission.
As such, the more use of GGBS in concrete production has been recognised by the Government as an environmental initiative in support of our carbon reduction goals. [CLICK]
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Technical 
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Market 
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Considerations for Wider Use of GGBS Concrete

簡報者
簡報註解
Since last year, the SCCT has been tasked by the Development Bureau to promote the use of GGBS concrete, starting from wider adoption in public works projects.
Before the formulation of policy and strategy, some considerations have to be addressed, including: technical considerations, costs, market readiness and industry acceptability. [CLICK]
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 Compressive strength of 13 GGBS concrete mixes from PWPs tested and compared to OPC concrete mixes

7-Day Strength

Average, MPa Average / Grade 
Strength

GGBS
Mix

OPC 
Control

GGBS
Mix

OPC 
Control

37.2 47.9 131% 169%

54.6 62.6 122% 139%

55.3 68.0 98% 120%

Average 28-Day 
Strength, MPa

GGBS
Mix

OPC 
Control

55.1 58.2

78.1 73.2

79.1 79.0

Grade
Strength

(MPa)

25-30

40-50

55-60

3-Day Strength

Average, MPa Average / Grade 
Strength

GGBS
Mix

OPC 
Control

GGBS
Mix

OPC 
Control

26.5 37.9 87% 134%

36.0 52.6 80% 117%

35.8 56.8 63% 100%

Average 56-Day 
Strength, MPa

GGBS
Mix

OPC 
Control

60.4 61.0

83.2 77.5

83.9 85.5

• 3-day strength is already about 63 to 87% of Grade Strength for different GGBS concrete mixes
• The 7-day strength is about 98 to 131% of Grade strength for different GGBS concrete mixes.
• The performance of the GGBS mixes in terms of 28- and 56th day strength are comparable, or even better

for some samples than the corresponding OPC control mixes.

Technical Considerations – Comparison of Strength Development

簡報者
簡報註解
Firstly, the main technical consideration of using GGBS concrete is its perceived low early strength.
We have recently carried out a in-house study by replicating some GGBS concrete mixes used by PWPs last year.
Compressive strength tests were conducted and compared with the pure OPC mixes.  The GGBS replacement ratio ranged from 35% to 65%.
Here we can see:
The 3-day strength is already about 63 to 87% of Grade Strength for different GGBS concrete mixes
The 7-day strength is about 98 to 131% of Grade strength for different GGBS concrete mixes.
The performance of the GGBS mixes in terms of 28- and 56th day strength are comparable, or even better for some samples than the corresponding OPC control mixes. [CLICK]
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• The early strength development (3-day and 7-day strengths) of the GGBS mixes are
slower than the OPC control mixes.

• The actual strengths achieved at such early stages are considered sufficient for general
civil and geotechnical engineering works.

Technical Considerations – Comparison of Strength Development

簡報者
簡報註解
The two graphs here show the strength development of the GGBS concrete mixes with different replacement ratios in terms of % of the 28-day strength. 
For instance, the 7-day strength of the GGBS mixes is already about 70% of 28-day strength.
Although the early strength development (3-day and 7-day strengths) of the GGBS mixes are slower than the OPC control mixes, the actual strengths achieved at such early stages are considered sufficient for general civil and geotechnical engineering works. [CLICK]





Current Technical Requirements and Policies (Public Works)
 Recommended specification for reinforced concrete in marine environment endorsed by SCCT in 2000.

 PWCL Study on GGBS in 2007
 Durability and strength development
 Replacement ratio – 30-80%
 GEO Report 258 (2011)

 General Specifications (GS) for Civil Engineering Works 2006
amended in 2012
 GGBS as supplementary cementitious material (SCM) 
 Allow replacement ratio 35-75%, otherwise to be 

approved by the Engineer

 ArchSD GS for Building (2012)
 Max replacement ratio 40%

 Housing Specification Library
 Use of GGBS in precast façade (2012) 35% replacement ratio
 Use of GGBS in precast staircase (2016)
 Exemption for period from Dec to Mar
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SECTION 16 – CONCRETE and JOINTS IN CONCRETE
16.12(6) Either PFA or GGBS shall be used in 
concrete of all pile caps and substructure 
construction where the concrete member is 
thicker than 750 mm.
16.14 When GGBS is incorporated as a separate 
cementitious material, its proportion shall be 
between 35% and 75% of the total cementitious 
content for normal concrete.
SECTION 21 – SPECIFICATION FOR REINFORCED 
CONCRETE IN MARINE ENVIRONMENT
21.2.7 (b) … if GGBS is used instead of PFA, the 
proportion of GGBS replacement shall be within 
60-75% range by mass of the cementitious 
content.

簡報者
簡報註解
Nonetheless, GGBS concrete has not been used in Hong Kong before 2022. 
In 2022, a number of PWPs started to use GGBS concrete, which made up to 5% by volume of the total concrete consumption of all PWPs.
What was the reason for not using GGBS concrete in the past?
Are there any restrictions in our current technical standards limiting its use?  
No!  On the contrary, the General Specification for Civil Engineering Works (GS) has allowed its use for more than 10 years since 2012
The use of PFA or GGBS are even mandatory in certain circumstances, such as in marine environment and for thick sections. [CLICK]





Provision in Using the GGBS concrete in COP for Structural Use
of Concrete 2013 (2020 Edition)

Recent private jobs
using GGBS Concrete

1. Slag Storage Building in Green 
Island Cement – BD 3/9223/16

2. X-Ray Room in United Christian 
Hospital – BD 3/4018/13
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Current Technical Requirements and Policies (Private Works)

簡報者
簡報註解
Similar provisions for using GGBS concrete for private works are also given in the Code of Practice for Structural Use of Concrete.
Nonetheless, we understand that there may be more concern on the early strength of GGBS concrete in building works, due to its tight concreting cycle.
Therefore, starting this year, we will commence a consultancy study to further look into the early strength development issue of GGBS concrete, starting from its 1-day strength. [CLICK]





Constructability of GGBS Concrete in Piling Works

GGBS Cement Fines 
Aggregates

Coarse 
Aggregates
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簡報者
簡報註解
Furthermore, due to the lack of local experience, the constructability of GGBC concrete, for instance, in piling works will also be reviewed.
We are arranging to construct large diameter trial bored piles using GGBS concrete, with various replacement levels up to 75% and potentially beyond.  
The entire construction process will be carefully monitored and recorded to identify any potential issues during site operation and quality control.  
The successful completion of the trials will provide valuable site experience and technical data to support the wider application of GGBS concrete in piling works. [CLICK]
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Strategies for promoting wider use of GGBS Concrete 

簡報者
簡報註解
The SCCT has also conducted preliminary market research, organised visits, meetings and stakeholder forum to touch base with the relevant market players.  
The responses to the wider use of GGBS concrete have been generally positive. 
Industry stakeholders advised that the supply of GGBS is demand driven.  They are confident to meet the anticipated increase in demand while reflecting that additional silos may be needed.  
While the present cost of GGBS concrete is slightly higher than that of OPC concrete, it is anticipated to become more competitive with the increasing use of GGBS concrete.
In general, there appears to be no insurmountable obstacles.
Hence, DEVB has formulated a target for all PWPs to increase the use of GGBS concrete to 50% of their total concrete consumption by FY 2024/25.
The successful implementation will rest upon promotion, education and training among the industry. [CLICK]
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Use of Volcanic Rock Aggregates

Cactus Images

簡報者
簡報註解
Now, let’s move to talk about the use of volcanic rock as aggregates for concrete. [CLICK]





Feasibility of Adopting Volcanic Rock for Concrete Aggregate
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rhyolitic dyke rock 

Legend:
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other intrusive rocks
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Seldom used as aggregates for concrete 

production due to the potential of 

alkali-silica reaction (ASR)

Very limited choice of 

quarrying site

Waste of local

rock resources

簡報者
簡報註解
Volcanic rocks alone account for approximately 50% of Hong Kong's surface area, and form most of its mountainous ground
Currently, volcanic rock is rarely used in concrete production in Hong Kong. The main reason is the risk of deleterious expansion due to alkali-silica reaction (ASR) in concrete.
This has led to very limited choice when we are looking for new quarrying sites in Hong Kong and a waste of local rock resources. [CLICK]
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Adverse Effect of ASR to Concrete Structures

Shek Wu Hui Treatment Plant,
Map-like cracks identified in 1991

Alkali-silica Gel

Water (in 
hardened 
concrete)

Reactive 
Silica 

(aggregate)

Alkali 
(cement)

Hill Road Flyover,
Cracks identified in 1998

簡報者
簡報註解
There are 3 basic conditions for ASR to occur in concrete:
A sufficient concentration of alkali (primarily from cement) 
A sufficient quantity of reactive silica (in aggregate)
Sufficient supply of water (in hardened concrete, e.g. moisture)
The reaction will form a alkali-silica gel leading to expansion of the concrete in the long term, say starting from 10 years after concreting.
A typical adverse effect is the formation of map like cracks on the concrete structure.
For instance, two projects constructed in the early 1980s with volcanic aggregates were subsequently found to suffer from ASR in 1991 and 1998 respectively. [CLICK]




Technical Requirements for ASR Prevention
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GS for Civil Engineering Works (Edition 2020)
SECTION 16 – CONCRETE and JOINTS IN CONCRETE
16.08 (5) Aggregates in the alkali “Reactive” 
category shall not be used …
16.12 (8) … reactive alkali content …, expressed as 
the total equivalent sodium oxide (Na2O) …shall 
not exceed 3.0 kg/m3 of concrete

Project Administration Handbook for Civil 
Engineering Works (PAH)
PAH Appendix 5.9 – CONTROL OF ALKALI SILICA 
REACTIONS IN CONCRETE
Para. 4 … The recommended control framework is 
given in Appendix H of GEO Report No. 167 …
H.2 CONCRETE MIX DESIGN FRAMEWORK
H.3 AGGREGATE SUPPLIES FRAMEWORK

PNAP APP-74
Equivalent sodium oxide < 3kg/m3

• Reduce cement content
• Use low alkali cement
• Use SCM e.g. not less than 25% PFA, 

GGBS, silica fume

Reduce 
alkalis 

present 

• Test for aggregate reactivity
• Disallow reactive aggregate 

Avoid 
reactive silica

• Apply water proofing measures
• Reduce humidity in hardened 

concrete
• Use SCM to reduce permeability

Prevent 
water ingress

https://www.skyscrapercenter.com/building/international-commerce-centre/137

簡報者
簡報註解
In fact, volcanic rocks are stronger than granitic rocks.
Volcanic aggregates from the Anderson Quarry have  been used in the International Commerce Centre (ICC) in 2010 for producing Grade 90 concrete after adopting some ASR prevention measures.
A number of preventive measures have been adopted in Hong Kong and worldwide addressing the three pre-requisite conditions.
Overseas studies have shown that ASR can be mitigated by using SCM. 
The SCM helps to replace and hence reduce the use of cement, thereby reduce the alkali content of concrete.
SCM also consumes alkali content rapidly.
In addition, the addition of SCM reduce the permeability of concrete and hence prevent water ingress. 
These are specified in the GS and the PAH.
A control framework recommended by GEO in respect of the concrete mix design and the aggregate supplies is given in the Project Administrative Handbook (PAH) for Civil Engineering Works. [CLICK]




UAMBT - Section 22 of CS1:2010 

• Measurement of the expansion (14 
days) of mortar-bars immersed in 
NaOH solution at elevated 
temperature.

Site Specific Tests on Effects of SCM in Suppressing ASR

CPT - Section 23 of CS1:2010 
with modification
• Measurement of expansion (52 

weeks) of concrete prism

Microcrystalline to 
cryptocrystalline 
quartz

Thin section of aggregate

Thin section of concrete prism

Petrographical Examinations

簡報者
簡報註解
In order to facilitate the wider use of volcanic rock aggregates in Hong Kong, site specific tests have been carried out previously at the Anderson Quarry and Lam Tei Quarry.
Another site specific test was conducted in recent years at Tsing Yi North
To verify the performance of using SCM in suppressing ASR.
In order to find out the appropriate replacement ratio of SCM, different concrete mixes have been tested for 
Petrographical examinations
Ultra-accelerated Mortar Bar Test (UAMBT) - Section 22 of CS1:2010
Concrete Prism Test (CPT) - Section 23 of CS1:2010 with modification[CLICK]





Comparison of CPT Results of Three Sites
Cement replacement 
level

Tuff1
(Anderson Road)

Tuff1
(Lam Tei)

Tuff
(Tsing Yi North)

0% (Norcem only) 0.11% 0.12% 0.075%

25% PFA - - 0.005%

35% PFA 0.00% 0.00% -0.005%

30% PFA + 5% CSF 0.00% -0.01% 0.000%

50% GGBS 0.01% 0.00% 0.010%

70% GGBS 0.01% 0.00% 0.005%

50% GGBS + 5% CSF 0.00% 0.00% 0.000%

0 % (ASR Inhibitor) - - 0.010%

Expansion After 52 
Weeks (%)

Potential Reactivity

< 0.05 Non-reactive

0.05 to 0.10 Potentially reactive

> 0.10 Reactive

1 Reference: GEO Report No. 354

簡報者
簡報註解
Here I only showed the comparison of the CPT results, and the following observations have been made:
The tuff at Tsing Yi is less reactive than those in Anderson Road and Lam Tei
With the addition of SCMs, all expansion is less than 0.05%
The increase of effectiveness of SCM is not significant when it is beyond certain replacement level
The result is very consistent

With a view to releasing the local volcanic rock resource for wider use as concrete aggregate, a further study is being conducted.
Upon completion of the study, a design guideline will be prepared to facilitate the use of volcanic rocks in the territory for concrete production. 
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Innovative Concrete Initiatives

https://www.stackinfra.com/

簡報者
簡報註解
Next, I will touch upon some initiatives on innovative concrete mixes design, production and applications.




Exploration of Innovative Concrete Mix and Production
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Carbon negative 
cement

Carboncure 
technique

Accelerated 
Carbonisation 

Decarbonisation Technologies

Use of waste glass powder to replace cement
Light weight concrete mixes

https://www.bd.gov.hk/en/resources/codes-and-
references/modular-integrated-construction/index.html

簡報者
簡報註解
First, the Government has been advocating modular integrated construction (MiC) in recent years with a view to enhancing construction efficiency and site safety.
As lifting operations are heavily involved in MiC, the development of light weight concrete will facilitate the use of MiC construction.
Second, we will look into the use of waste class powder to replace cement, which will not only help reuse waste glass, but also reduce carbon emission.
There is also an initiative to adopt decarbonisation technologies that will help consume carbon during concrete production.
Some of these may include the production of carbon negative cement, and the adoption of carboncure and accelerated carbonization techniques. [CLICK]






Fibre-reinforced Shotcrete

Development and Applications of Innovative Sprayed Concrete
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Vibration Resistant Sprayed Concrete
(VRSC)

Rock 
joints

Rock 
Bolt

Cavern

1st Pass VRSC

https://shotcrete.org

https://www.romangunite.comhttps://www.avalonstructural.com

簡報者
簡報註解
We are also developing some advanced sprayed concrete mixes for various applications.
A study on Vibration Resistant Sprayed Concrete (VRSC) has been jointly conducted with the Nano and Advanced Materials Institute (NAMI), Hong Kong Polytechnic University, and DSD.
A site trial on a cavern project adopting the use of VRSC with steel fibre has produced promising results.
The higher early adhesive strength of VRSC renders it a suitable material for use as permanent tunnel lining for drill and blast tunnels.  
Hopefully. this cost effective solution will be implemented in our upcoming cavern projects.
We are also exploring the use of Fiber Reinforced Shotcrete for slope surface protection so that wire mesh will no longer be necessary.
This will be particularly helpful for post-landslide urgent repair works as the site conditions are often difficult for installation of wire mesh. [CLICK]
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Testing and Compliance of Concrete

https://www.giatecscientific.com/

簡報者
簡報註解
I’d now move onto testing and compliance for concrete, focusing on its compressive strength. . [CLICK]
 




Compressive Strength Tests for Concrete Compliance
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• Guidelines for sampling and testing 
methods

• Concrete cubes of 100 or 150 mm

Construction 
Standard 
CS1:2010

• Acceptance criteria for public works
• Pairs of cubes tested at 28 days for 

compressive strength

GS for Civil 
Engineering 

Works GS2020

• Acceptance criteria for private 
works

• Pairs of cubes tested at 28 days for 
compressive strength

CoP for 
Structural Use 

of Concrete

Measuring dimension using caliper

Measuring sample mass Placing test samples into curing tank 

Placing samples onto compression 
test machine

Conventional Manual Testing Procedures

簡報者
簡報註解
As you all know, in HK, the guidelines for sampling and testing of concrete are given in Construction Standard CS1.
While the acceptance criteria for public works are given in the GS for Civil Engineering Works,
the acceptance criteria for private works are given in Code of Practice for Structural Use of Concrete: 2013
For public works projects, construction materials tests are conducted or arranged by our Public Works Laboratories. 
Each year, we carry out more than 200,000 compressive strength tests for concrete. 
Conventional procedures involve manual handling of test samples and recording of measurement data throughout the entire process, which are both labour intensive and time consuming. [CLICK]






Sample loading 
workstation

Automated System for Concrete Cube Testing

簡報者
簡報註解
In light of this, the Public Works Laboratories, in collaboration with the Logistics and Supply Chain MultiTech R&D Centre (LSCM), developed a fully automated system for concrete cube tests.
The system is the first of its kind which is able to conduct the entire testing automatically, from the placement of concrete cubes in curing tanks, retrieval of specimens at specified times, measurement of specimen mass and dimensions, to conducting the compression tests. [CLICK]






Radio Frequency Identification, 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

Applications of Advanced Technologies

Identification of fracture pattern

簡報者
簡報註解
In addition, various technologies and custom-made components, such as Radio Frequency Identification, the telescopic hoist, the robotic arm with movement accurate to 0.05mm, are adopted.
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 [CLICK]




+60%
時間
Time

Benefits of Automation

簡報者
簡報註解
The award winning system has the following benefits:
Increase productivity. As the system can simultaneously handle multiple samples at different testing stations, our testing output is increased by 60%.
Enhance efficiency.  While the automated system increases our testing capability, it requires less manpower.
Enhance occupational health and safety of our laboratory staff by minimising manual handling procedures.
Improve the quality of test results by avoiding human interventions and errors
Facilitate the prompt release of test results within one to two days as the test data are transmitted directly to the computer system
We hope the system will be an exemplar to the material testing industry to advocate automation. [CLICK]
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Maturity Method for estimating concrete early strength

Sustainability

Safety

Cost 
Effective

Efficiency

Quality Construction Industry Council

https://eng.auburn.edu/files/centers/hrc/930-590-2.pdf

Construction Industry Council

簡報者
簡報註解
Another subject that may worth further development is the application of Maturity Method for estimating concrete strength.
The maturity method is a well proven non-destructive testing approach that has been adopted over the globe for more than 20 years. 
It relies on the monitoring of temperature within concrete to estimate its maturity, based on the correlation between rate of hydration and strength development of concrete.  
The maturity method brings about some potential benefits.
It facilitate decision making at the early stage of some construction processes, such as striking of formwork, lifting and transporting of precast members and post-tensioning, for which the concrete strength has to be ascertained.  This enhances quality, efficiency and safety of the construction processes.
It may optimise the use of materials and thus enhance cost effectiveness. 
As no extra cubes for early concrete strength are required, except for the calibration and validation process, it contributes to cost saving and sustainability.
Since February 2022, a new clause “Monitoring early compressive strength of insitu concrete by maturity method” was added to Code of Practice for Structural Use of Concrete 2013”.
We look forward to more local experience gained and more relevant studies to explore the wider adoption of the maturity method in the industry. [CLICK]









Supply Chain Review
concrete batching plants, products 
delivery, other elements in supply chain 

Demand Forecast
short (5 to 10 years), medium (10 to 
20 years) and long term (+20 years)

Assessment of 
Supply Adequacy 

various territory-wide 
supply-demand scenarios

Formulation of Strategy 
for Concrete Supply  
holistic multi-pronged approach 

and recommendations

Concrete Demand and Supply Study
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簡報者
簡報註解
In addition to these technical aspects, we will conduct an in-depth territory-wide review on the existing local supply chain and a forecast of the concrete demand in Hong Kong from the short, medium, to long terms.
An assessment will be made on the adequacy of the supply chain according to various scenarios with due consideration on the production capacities, delivery logistics and demand time frames.
After the study, a holistic long-term strategy framework will be formulated to safeguard the security and stability of the supply chain, including that for GGBS concrete, to meet the future concrete demand. [CLICK]



Thank You
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https://www.peri.com.au/projects/cultural-buildings/hongkong-zhuhai-macao-bridge-hzmb-operation-buildings-east-and-west.html

簡報者
簡報註解
This will end my presentation here.  Thank you very much.
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