
Introduction of GGBS concrete



Introduction of Quon Hing

Concrete

• Two concrete production plants in Tsing Yi and 
Tai Po

• Annual production capacity more than 750,000m3

• Concrete supplied up to C100

• All GGBS, PFA concrete mixes with Platinum 
Green Label

MiC

• Operates three industrial parks in GBA, annual 
production capacity more than 230,000T

• With 25 years of engineering experience in the 
Guangdong-Hong Kong-Macao 

• Specializing in the production of MiC and precast 
concrete elements

Established in 1985 and registered in Hong Kong as a subsidiary of NWS Holdings. 

One of the ready-mix concrete, instant mortar and precast concrete provider to 

construction and infrastructure industry in Hong Kong.



Quon Hing’s Green Products

Green and Sustainable Concrete Products

- Negative/Low Carbon Concrete

- Tivoli Green Wall System (Lightweight 
partition wall)

- H-Crete  (Waterproofing Concrete System) 

- Smart Drainage Cover (Material for sponge 
city)

- Capsule Concrete (Lightweight structural 
concrete)
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1. INTRODUCTION OF GGBS - 

• WHAT IS GGBS?



Blast Furnace Slag

Granulated Blast Furnace Slag 

Ground Granulated Blast

Furnace Slag



Manufacturing Process

• Blast-Furnace Slag (BFS)

 Production process of smelting iron ore, 

coke, limestone, and other raw 

materials in a blast furnace is known as 

blast furnace slag.

• Basic-Oxygen-Furnace Slag (BOFS) 

Produced during the process of converting 

molten iron from a blast furnace into steel 

in a converter

• Electric-Arc-Furnace Slag (EAFS) 

Production process of melting scrap steel at 

high temperatures using an electric arc 

furnace, where scrap steel is the primary 

raw material, is known as electric arc 

furnace slag.



Binding Materials

• The following material are normally used to produce a robust paste





Binding Materials

• The pozzolanic reaction refers to the reaction of amorphous SiO2 and Al2O3 with Ca(OH)2, resulting 

in the formation of C–S–H and C-A-H gel



Hydration Products of 

GGBS with OPC



Oversea Applications of GGBS – Concrete

• Discovered in Germany, 1862 and first commercially produced in 

1865.

• GGBS was used in Europe and North America for over 100 years.

• Currently, GGBS has been widely used, particularly in China, 

Japan, Europe and USA.



Region GGBS Usage

Western Europe • GGBS accounts for about 20% of total cement consumed

Netherlands • GGBS accounts for 60% of total cement consumption

USA

• Concrete in World Trade Centre construction has about 40% 

GGBS replacement

• Georgia Aquarium used 20% to 70% GGBS replacement

• Metro Airport Terminal Expansion used concrete with 30% GGBS 

replacement

China
• GGBS widely used in major projects like Three Gorges Dam, 

Beijing-Shanghai Express Rail, and Hangzhou Bay Bridge

Singapore • Launch national standard in 2008

Hong Kong

• Tsing Ma Bridge construction with GGBS replacement levels 

between 59% and 65%

• Stonecutter Island Bridge construction with GGBS replacement 

between 60% and 70%

Experience of Using 

GGBS in Concrete 



Specification Standard in 

Hong Kong
BS EN 15167-1:2006

Property Requirements for GGBS 

Physical Properties

Moisture Content <1.0%

Density -

Fineness ≥275m2/kg

Initial Setting Time S1 ≤ 2 x S2

Activity Index
7-day age ≥45%

28-day age ≥70%

Chemical Properties

Magnesium Oxide (MgO) ≤18%

Sulfide (S2-) ≤2.0%

Sulfate (SO3) ≤2.5%

Loss on ignition, corrected for oxidation 

of sulfide
≤3.0%

Chloride (Cl-) ≤0.10%



Specification Standard in 

GBT

Property
Requirements for GGBS 

S105 S95 S75

Physical Properties

Density ≥2.8g/cm3

Fineness – Blaine <500m2/kg <400m2/kg <300m2/kg

Active Index
7days ≥95 ≥70 ≥55

28days ≥105 ≥95 ≥75

Fluidity Ratio ≥95

Water Ratio ≤1.0

Chemical Properties

Sulphur Trioxide ≤4.0%

Chloride Ion ≤0.06%

Loss on Ignition ≤1.0%

Insoluble Content ≤3.0%

GB/T 18046-2017 

EN 15167-1:2006

≥275m2/kg

≥45%

≥70%



2. APPLICATION OF GGBS IN CONCRETE –

• PROS & CONS AND SOLUTIONS



Pros & Cons 
of GGBS 
Concrete

Pros & Cons of GGBS Concrete

Advantages in performance

• Reducing water permeability

• Increasing corrosion resistance

• Lower peak temperature

• Better AAR Resistance

Disadvantages in performance

• Prolonged setting time

• Drying Shrinkage 

• Lower early strength at initial 

hardening stage



Reducing Water Permeability

• The permeability of concrete is an 

important characteristic of durable 

concrete, and concrete with a 

reduced water penetration depth 

shows significant resistance to 

chemical assaults

• Less voids tend to cause a decrease 

in the permeability of concrete.

• Concrete with a lower permeability 

is more resistant to chemical attack, 

including chloride, sulphate, AAR 

and acid.



Resistance of Chemical Attack

• Chloride attack is a major threat to concrete 

durability, causing around 40% of concrete 

building failures. 

• The reaction of GGBS with calcium hydroxide 

and alkalis during hydration fills the pores 

with calcium silicate hydrates, improving 

durability against chloride penetration.



GGBS Concrete Plant Trial with RCPT Test on 14 July 2022

Mix Design

Compressive Strength (MPa)

1 Days 2 Days 4 Days 7 Days 14 Days 28 Days

Code Mix Slump Cube Cube Cube Cube Cube Cube
RCPT Test 

(Coulombs)

C45

60% GGBS+

CSF 

45/20D

(0.36wc)
600 Flow 14.6 27.5 40 54.5 67.3 79 89

C60

65%

GGBS

60/20D

(0.35wc)
200 15 29 42.5 57.5 73 80 617

C45

65%

GGBS

45/20D 

Tremie

(0.39wc)

200 - 15 28 45.5 64.35 78.5 890

• RCPT test result for OPC concrete(C45) at 28 days is about 2500 Coulombs

• Adding GGBS can lower the result to less than 900 Coulombs

Resistance of Chemical Attack



Lower Peak Temperature

• Primary causes of  thermal cracking in concrete due to temperature differentials. Variations 

in temperature across the concrete structure can result in thermal gradients. When different 

parts of the concrete expand or contract at different rates due to temperature changes, internal 

stresses can build up, leading to cracking. 

Example of thermal cracking 



Lower Peak Temperature

• The pozzolanic reaction continues gradually and is 

associated with the hydration of cement, which 

ultimately causes a decline in the heat, especially 

in the early days of hydration. Resulting lower 

peak temperature in GGBS concrete.

Ahmad, Jawad, et al. "A comprehensive review on the ground granulated blast furnace 

slag (GGBS) in concrete production." Sustainability 14.14 (2022): 8783.

OPC



Project: Cameron Road - Temperature Rise Evaluation

Location: Trial Column

Concrete Mix: D80/20 50%GGBS+CSF

Test Date: 21-24/5/2024

Peak Temperature ~65°C

TC 30
o
C

Lower Peak Temperature



D80/20 50%GGBS+CSF

Cement 244

GGBS 277

CSF 33

20 mm 670

10 mm 315

S/F 690

Water 155

w/c 0.28

Slump Retention

initial 220 220

1 hr 210 205

Compressive Strength ( MPa) (150mm)

7 Days 77.1 80.9 78.8 74.5

28 Days 86.9 87.5 88.9 86.6

Lower Peak Temperature



Prolonged Setting Time at 

Fresh Stage
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Setting Time 

• The concrete mixes showed stiffening 

times exceeding 10 hours, enabling ample 

time for delivery and placement in tremie 

construction. GGBS mixes, except for 

plant C, displayed longer setting times 

than PFA mixes, showcasing GGBS's 

ability to extend setting times for tremie 

construction. 

• These results emphasize the adaptability 

of GGBS mixes, underscoring the 

importance of adjusting admixture 

content to meet specific construction 

requirements. 

GGBS & PFA tremie concrete research by MTR（2024）

- Initial Set

- Final Set



Bored Pile 

D45 25%PFA D45 60%GGBS D60 25% PFA D60 60%GGBS

Cement 402 184 405 200

PFA 134 0 135 0

GGBS 0 276 0 300

Water 205 200 180 200

w/c 0.38 0.43 0.33 0.40

Slump Retention

initial 220 220 230 230

1 hr 220 220 230 230

2 hrs 210 210 220 230

10 hrs 120 150 130 160

Stiffening Time (20°C)

Initial set (hr) 24 26 24 25

Final set (hr) 28 30 28 30

Compressive Strength ( MPa)

7 Days 45 48 59 54

28 Days 60 62 78 81

Prolonged Setting Time at 

Fresh Stage



Pile Cap

D40 35%PFA D40 65%GGBS D45 35%PFA D45 65%GGBS

Cement 325 140 338 154

PFA 175 0 182 0

GGBS 0 260 0 286

Water 207 200 197 200

w/c 0.41 0.50 0.38 0.45

Slump Retention

initial 180 180 180 180

1 hr 160 170 160 160

Stiffening Time (20°C)

Initial set (hr) 9 10 8 10

Final set (hr) 11 12 10 12

Compressive Strength ( MPa)

7 Days 36 34 40 37

28 Days 53 55 60 62

Prolonged Setting Time at 

Fresh Stage



Normal Concrete

D45 OPC D45 45%GGBS D45 25% PFA D60 OPC D60 45%GGBS D60 25% PFA

Cement 440 242 330 500 264 375

PFA 0 0 110 0 0 125

GGBS 0 198 0 0 216 0

Water 198 200 175 170 170 165

w/c 0.45 0.45 0.40 0.34 0.35 0.33

Slump Retention

initial 180 180 180 220 220 220

1 hr 150 160 160 200 210 210

Stiffening Time (20°C)

Initial set (hr) 6 8 7 6 7 6

Final set (hr) 8 10 9 7 9 8

Compressive Strength ( MPa)

7 Days 46 49 43 64 53 60

28 Days 61 67 59 81 85 77

Prolonged Setting Time at 

Fresh Stage



GGBS & PFA tremie concrete research by MTR
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Strength Development 

• An observable trend indicated 

that the initial strength of PFA 

mixes typically better than 

that of GGBS mixes, 

predominantly attributed to 

the lower dosage of 35% PFA. 

Strength evolution persisted up 

to 28 days, with marginal 

enhancements observed up to 

91 days. 

• Noteworthy the difference in 

strength between the 35% PFA, 

50% GGBS, and 65% GGBS 

mixes was insignificant within 

each supplier.

Lower Early Strength at Initial



Mix Description Slump Cement GGBS 20mm 10mm Fine Water Retarder Superplastizer Concreteproof A/C W/C

D45 45%GGBS 150 242 198 610 270 800 200 2.00-4.50 2.50-4.50 3.82 0.45

D45 45%GGBS WP 150 242 198 610 270 800 200 2.00-4.50 2.50-4.50 1.54 3.82 0.45

• 17/4/2023 King Lam Street

avg 7 day 

strength of D45-

25%PFA

Lower Early Strength at Initial



Mix Design – D60/20 45%GGBS 3 Days to achieved designed strength

Internal Cube Test Result Conducted in QH

1days 20.9/20.1

2days 41.2/41.8

4days 55.1/54.4

7days 67.3/66.9

14days 75.7/73.9

21days 80.6/82.8

28days 86.7/85.0

Lower Early Strength at Initial

Maturity Sensor Report of 

HK Science Park 



• People claim early strength for concrete with GGBS is lower than that of OPC 

concrete, plastic shrinkage crack is prone to happen

Plastic Shrinkage

Plastic shrinkage is caused by the loss of water by 

evaporation from the surface of newly laid concrete or 

by suction of dry concrete underneath. At the surface, 

plastic shrinkage occurs when the rate of evaporation 

exceeds the rate of bleeding



GGBS concrete under low temperature curing

Concrete Grade

Compressive Strength

7-10°C 13-15°C 27°C

24 hrs 36 hrs 48 hrs 28 days 24 hrs 36 hrs 48 hrs 28 days 24 hrs 36 hrs 48 hrs 28 days

C45

Cementitious 

content:430

(OPC)

5 17.7 24.2 62.6 8.3 19.5 24.9 61 31.3 38.1 45.9 58.2

C45

Cementitious 

content:430

(OPC+25%PFA)

2.5 9.7 13.8 58.3 4.1 12.9 16.6 56.3 19 25.2 30.7 61.7

C45

Cementitious 

content:430

(OPC+45%GGBS)

4.7 8.5 13.4 60.6 7.4 10.1 14.2 61.6 18.6 23.4 29.5 61.5

Plastic Shrinkage



• Local curing example - Pile Cap (16/10/2024 )

• Proper curing by controlling moisture and temperature of in-situ 

concrete

• Adequate curing should be conducted for every concrete structure to 

avoid plastic shrinkage

Plastic Shrinkage



3. SUSTAINABLE CONSTRUCTION 

SOLUTIONS – 

• ESG BENEFITS OF GGBS



ESG Benefits of GGBS

Benefits of GGBs Concrete in 

Environment

• Sustainability

• Recycling Materials Replacement

• Reducing Carbon Emission Factor



Sustainability

Reducing water 
permeability

Increasing 
chemical 

resistance

Less thermal 
cracks

Less Life-Cycle Cost for GGBS Concrete

Enhance Concrete 

Durability

• Annual construction waste is 

expected to reach 2.2 billion tons 

globally by 2025



Benchmark for Ready-mixed Concrete  under the CIC Green Product Certification

CIC Green Product Certification

Introduction

Carbon Assessment Method
• The quantification and reporting of the carbon footprint of 

products (CFP) under this Certification is thus based on a 

“cradle-to-site” approach, covering all GHG emissions and 

removals of the product arising from raw material acquisition to 

the border of Hong Kong.



Carbon footprint of Cementitious Materials 

Cementitious 

Materials

Base 

Value in 

HK

 (kg CO2/t)

Scope 1 – 

On-site emissions

Scope 2 – 

Power generation Total

 (kg 

CO2/t)
Calcination 

of raw 

material

Fossil Fuel 

combustion

Clinker 

production

Grinding / 

Classification

OPC 950 468 315 30 20 763

Classified PFA* 8 - 8 8

GGBS* 83 36 20 56

* Exclude the carbon emission in the primary process

Lower Carbon Emission Factor 

Carbon emission of GGBS ~50.4kg/tCarbon emission of cement ~907kg/t



Carbon emission factor for concrete mix

Bored Pile

D45 25%PFA D45 60%GGBS D60 25% PFA D60 60%GGBS

Cement 402 184 405 200

PFA 134 0 135 0

GGBS 0 276 0 300

Water 205 200 180 200

w/c 0.38 0.43 0.33 0.40

Carbon Emission Factor 337.219 192.514 339.978 207.446

Normal Concrete

D45 OPC D45 25% PFA D45 45%GGBS D60 OPC D60 25% PFA D60 45%GGBS

Cement 440 330 242 500 375 264

PFA 0 110 0 0 125 0

GGBS 0 0 198 0 0 216

Water 198 175 200 170 165 170

w/c 0.45 0.40 0.45 0.34 0.33 0.35

Carbon Emission Factor 367.651 281.605 226.188 415.542 317.123 244.564

Pile Cap

D40 35%PFA D40 65%GGBS D45 35%PFA D45 65%GGBS

Cement 325 140 338 154

PFA 175 0 182 0

GGBS 0 260 0 286

Water 207 200 197 200

w/c 0.41 0.50 0.38 0.45

Carbon Emission

Factor
276.7884 156.164 287.0238 169.548

Lower Carbon Emission Factor 

Embodied carbon reduction in concrete:

PFA concrete : ~25%

GGBS concrete : 50%+



Under new 

benchmark

Under new 

benchmark

Under new 

benchmark

Under new 

benchmark

Lower Carbon Emission Factor 



Thank 

you…



4. INNOVATIVE CONSTRUCTION 

METHODS -  Ultrafine GGBS 







Saxena, Harshit & Srivastava, Vikas & Yadav, Ashish & Tiwari, Ashok. (2024). Ultrafine 

GGBS and Fly Ash as Cement Replacement for Sustainable Concrete. Journal of 

Environmental Nanotechnology. 13. 25-30. 10.13074/jent.2024.09.242659. 





(S95)



Concept of Packing Density



Wall 

effect

Wedging 

effect

Loosening 

effect



Ultrafine

GGBS

Adv of High Fineness GGBS



Adv of High Fineness GGBS

2. High Fineness GGBS Capillary Pore Size



3. High Fineness GGBS Carbonation Resistance

Adv of High Fineness GGBS



4. High Fineness GGBS ASR Resistance
Carbonated concrete Sound concrete

Adv of High Fineness GGBS



Adv of High Fineness GGBS













Performance of G.Seed Concrete



Performance of G.Seed Concrete





Performance of G.Seed Concrete



Performance of G.Seed Concrete



Performance of G.Seed Concrete











Thank You
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