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Introduction of Quon Hing

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.

Concrete MiC

- Two concrete production plants in Tsing Y1 and - Operates three industrial parks in GBA, annual
Tai Po production capacity more than 230,000T

- Annual production capacity more than 750,000m3 - With 25 years of engineering experience in the

Guangdong-Hong Kong-Macao
Concrete supplied up to C100

- Specializing in the production of MiC and precast
- All GGBS, PFA concrete mixes with Platinum concrete elements

Green Label




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)




Introduction of GGBS

e Manufacturing Process
e Pozzolanic Materials
e Specification Standard in Hong Kong

9 Application of GGBS concrete

e Advantages & Disadvantages of GGBS Concrete
e Solutions
e Lab Trial/Job reference

Sustainable Construction Solutions
COntentS 3 e ESG benefits

e C(Carbon footprint of GGBS concrete
Innovative Construction Methods —

Ultratine GGBS

e Application of ultrafine GGBS
® (versea research references

Q& A




1. INTRODUCTION OF GGBS -
 WHAT IS5 GGBS?
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¥ Manufacturing Process
& lectane  Blast-Furnace Slag (BFS)

Production process of smelting iron ore,

coke, limestone, and other raw
materials in a blast furnace 1s known as
blast furnace slag.

(steelmaking)

WIOILET]
L |

 Basic-Oxygen-Furnace Slag (BOFS)
Produced during the process of converting
molten iron from a blast furnace into steel
In a converter

yaler-guencned Sl-LLEU
J1aSt Tumace slad a3l IUITaLE Slal

* Electric-Arc-Furnace Slag (EAFS)
Production process of melting scrap steel at

Allnyedimn . . :
, high temperatures using an electric arc
N Electri v adle Refining , ontinuous iTon ore. . .
rcumace | unace J ~ castr and furnace, where scrap steel 1s the primary
Coke il S e I imestone . . .
e - recicion L e raw material, 1s known as electric arc
— furnace slag.

Collected BRI E e Dust storage Commissioned
dust (in filter bags) [N silos B  disposal

The Production Flow Chart of Slag in an EAF Steel Mill




Binding Materials

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

»




Chemical Composition Of SC

By-products: sustainability in society

Range for Chemical Composition of Slag _ ,
— As the glass phase content constitutes one of the essential
Composition Usual range Typical range features of slag, various methods have been proposed for
Silicon Dioxide (SiO, 30-45 36 measuring the degree of crystallinity. S
Owing to stress birefringence, it is difficult to distinguish
Aluminum Oxide (AL,O3 8-20 16.0 between the crystalline phase and the stressed glassy
Calcium Oxide (Ca0) 35-50 43.3 phase.

] ] From SEM, it is found that potassium and sulphur are
Magnesium Oxide 0-20 7 localized mainly in the glass and that distribution of the
Ferrous Oxide (FeO) 0-1.6 0.4 elements is revealed.

With reference to crystalline phases, it has recently been
A mine () = L shown that the richer the slag is in akermanite, the less
Manganese Oxide (Mn,0;) 0-2.5 <0.1 readily it hydrates.

Graphical Representation of Chemical Composition of Slag 22
20 A
Amorphous Content > 90 % (Best 95%) 18 -
18 -+
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Ca0 +MgO + ¥ Al, O, 9

Si0, + % Al O,
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Compressive strength (MPa) at 3 days

Total amount of SiO2+MgO+Ca0>66% 5 R 40 60 80 100
Glass content (%)
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© Binding Materials
sio, Pozzolanic effect Hydraulic effect

EESTTEYTE = Increasing

Calcium

Content

Natural
Pozzolan

JLHMIVEHT Medium CaO

igh CaO

Metakaolin

Cement

CaoO Al,O;

* The pozzolanic reaction refers to the reaction of amorphous S102 and Al1203 with Ca(OH)2, resulting
in the formation of C—S—H and C-A-H gel

3Ca(OH), + 25i0, - 3Ca0-2Si0, - 3H,0
CH C—S—H

3Ca(OH), + Al,05 + 3H,0 — 3Ca0- Al,05 - 6H,0
CH C—A-H




Hydration Products of
GGBS with OPC

OP C-S-H

C

OPC-Slag Blended

Nano CH Mixture of LD C-S-H & C-A-S-H

C-AS-H
Mixture of in the dark rim
HD C-S-H & C-A-S-H
(o} Slag

Ettringite
IPC-Slag blended

ettringite,



Oversea Applications of GGBS — Concrete

* Discovered 1n Germany, 1862 and first commercially produced in
1865.

 GGBS was used 1n Europe and North America for over 100 years.

* Currently, GGBS has been widely used, particularly in China,
Japan, Europe and USA.




Experience of Using
GGBS 1n Concrete

GGBS Usage

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

Netherlands  GGBS accounts for 60% of total cement consumption

e (Concrete in World Trade Centre construction has about 40%
GGBS replacement

USA * Georgia Aquarium used 20% to 70% GGBS replacement
 Metro Airport Terminal Expansion used concrete with 30% GGBS
replacement
Chi  GGBS widely used 1n major projects like Three Gorges Dam,
hd Beijing-Shanghai Express Rail, and Hangzhou Bay Bridge
Singapore * Launch national standard in 2008
* Tsing Ma Bridge construction with GGBS replacement levels
between 59% and 65%
Hong Kong

* Stonecutter Island Bridge construction with GGBS replacement
between 60% and 70%



Specification Standard in
Hong Kong

BS EN 15167-1:2006

Requirements for GGBS

Physical Properties

Moisture Content
Density
Fineness
Initial Setting Time
Activity Index 7-day age
28-day age
Chemical Properties
Magnesium Oxide (MgO)
Sulfide (S2-)
Sulfate (SO3)

Loss on 1gnition, corrected for oxidation

of sulfide
Chloride (Cl-)

<1.0%

>275m2/kg

S1<2x 52
>45%
>70%

<18%
<2.0%
<2.5%

<3.0%

<0.10%



Specification Standard in
GBT

p . Requirements for GGBS
roper
S S105 395 S75

Physical Properties

Density >2.8g/cm3 EN 15167-1:2006

GB/T 18046-2017

Fineness — Blaine <500m2/kg <400m2/kg <300m2/kp >275m2/kg
, Tdays >95 >70 >55 >45%
Active Index
28days >105 >95 >75 >T70%
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%




2. APPLICATION OF GGBS IN CONCRETE —
* PROS & CONS AND SOLUTIONS



¥ 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

Pros & Cons

of GGBS
Concrete




" Reducing Water Permeability

 The permeability of concrete 1s an
A 1mportant characteristic of durable
concrete, and concrete with a
reduced water penetration depth
shows significant resistance to
chemical assaults

2000 pm ,
e Less voids tend to cause a decrease

in the permeability of concrete.

 (Concrete with a lower permeability
1s more resistant to chemical attack,

- . including chloride, sulphate, AAR
and acid.




Resistance of Chemical Attack

e Chloride attack 1s 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.

Ingress of corrosive species
(into porous concrete)

Cracking and spalling of the
concrete cover

Build up of voluminous
cofrosion products
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Caorrosive species may

P ret already be present in concrete
L from“contaminated” mix ingredients




Resistance of Chemical Attack

GGBS Concrete Plant Trial with RCPT Test on 14 July 2022
Compressive Strength (MPa)
Mix Design
1 Days 2 Days 4 Days 7 Days 14 Days 28 Days
Code Mix Slump Cube Cube Cube Cube Cube Cube EOIEAL et
(Coulombs)
C45
60% GGBS+ 45/20D 600 Flow 14.6 27.5 40 54.5 67.3 79 89
(0.36wc)
CSF
C60
65% ((6)0?/)202) 200 15 29 42.5 57.5 73 80 617
GGBS $OOW
C45 45/20D
65% Tremie 200 - 15 28 45.5 64.35 78.5 890
GGBS (0.39wc)

 RCPT test result for OPC concrete(C45) at 28 days 1s about 2500 Coulombs
 Adding GGBS can lower the result to less than 900 Coulombs




¥ 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.

Contraction .
b b ¢ 4 Tension
A
v
.-
- : - =
= Intenor
: - =
& . Concrete
£ Surface
e Xpansion OMmpression
Most Common PHmayCalse Secondal Time of "\Rc ‘ - - -
Letter Type of Cracking Subdivision % (excluding i -
Location = Causes/Factors Appearance
restraint)
A Over reinforcement Deep sections
. Rapid early drying Ten minutes to
B Plastic seftiement Arching TTop :f co(;umr;; Excess bleeding condilions thiss b
C Change of depth 9 I:b w
D Diagonal Roads and slab
Rapid early dryin: :
£ Randon Reinforced concrete p y drying Thirty minutes to six
Plastic shrinkage slabs Low rate of bleeding| s
Reinforced c te] Ditto plus steel near
F O inforcement
slabs surface
G Ext | restraint Thick wall ?::SZ:;::I
Early thermal contraction Rapid cooling Onie deayior NG or
Excess temperature three weeks
H Int | restraint Thick slab: 2
gradients
| Long-term drying shrinkage Thin slabs (and Inefficient joints Exces;ive shnn}(age Several weeks or
alls) inefficient curing months
< "Fair faced” Impermeable R - One to seven days,
d Crazin, g Ageinstionmwork' | gniee te formwork Bich oinss sometimes much
K Floated concrete Slabs Over troweling Poor curing later
L Natural Colgn r:; and Lack of cover B lity
Ci f reinforcement - g More than two years|
M ., P t ¢ Excess calcium concrete
e chloride
Reactive aggregate
| Alkali-aggregate reaction Damp locations plus high-alkali More than five years|
eeeee t

Example of thermal cracking




¥ Lower Peak Temperature

;;;trGOG'B?PC * The pozzolanic reaction continues gradually and is

405 GBS associated with the hydration of cement, which

. 60% GGBS ultimately causes a decline in the heat, especially

80% GGBS in the early days of hydration. Resulting lower
peak temperature in GGBS concrete.

Heat Rate (W/Kg)

Reactions of Principal Clinker Phases
C;S + H,O —» C-S-H* + Ca(OH),

e S C,S + H,O — C-S-H* + Ca(OH);
_________________________ by 2C3A+1EH3Q%C3AHE+C4AHIG
Time (t 5, Hours) N w 2GA+3ZH0 + S(CE‘E-I-{M} T Sﬂi‘}{aﬂ}) —> CsAS;3Hs;

CgAS;H;, + 2CA — 3C,ASH >

Ahmad, Jawad, et al. "A comprehensive review on the ground granulated blast furnace
slag (GGBS) in concrete production.” Sustainability 14.14 (2022): 8783.



¥ Lower Peak Temperature

Project: Cameron Road - Temperature Rise Evaluation
Location: Trial Column

Concrete Mix: D80/20 50%GGBS+CSF TC 30°C

Test Date: 21-24/5/2024

Temperature Monitoring- Trial Column

85.0
(o) ) g WY
Peak Temperature ~65°C ;«J
75.0
65.0
o L'
355.0
e
=
-
[1+]
—
g
£ 45.0
@
.-
35.0
25.0
15.0 hmrrerrrreyreeyry (RS ST SRR AR NS U SRR A S REA LRI SAR A LR AR SRR TEE LAS R SRR DR LEA RS SI00 LR FIR LAN SAE GRS SRR I SE L ER LR LES LR ARSI SN SIS 53 25 MY REY
808009oooooooc’oocoo’o’oo‘o‘o‘o’ooo’o‘oo’o‘o’oooocooooooooooo
- meMmMe nmMemaegmmemme mmMomMmomMo Mo Mo mMenNommMemmMomoemMmMoe mmomaome nNng Mo moeme
mkDmG\HNOHMQ‘kDl\chmmLDwmﬁmgﬂmv\Df\mONmm@meNOHMQ\DP\O\ONMm
= = =~ -~ N AN O OO OCC O O ™ v v == = = = N N O 0 O O O C ™ e e e NN D OO OO0 00O o e e
hour
N N N N
& & & 2
Lln ‘.ﬂ 1 1
N 8 S S
8 N N N~
o E NS i S
Al Bl C1 A2 B2 C2 A3 B3 C3 AIR




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




% Prolonged Setting Time at

Fresh Stage
GGBS & PFA tremie concrete research by MTR (2024)

Setting Time
 The concrete mixes showed stiffening
times exceeding 10 hours, enabling ample

Initial Setting Time and Final Setting Time . . . .
10000 time for delivery and placement in tremie
9000 construction. GGBS mixes, except for
5000 =IFI:$?1S§? plant C, displayed longer setting times
7000 than PFA mixes, showcasing GGBS's
g ability to extend setting times for tremie
e

5000 construction.
4000 . e
 These results emphasize the adaptability

3000
. of GGBS mixes, underscoring the
. importance of adjusting admixture

) content to meet specific construction
Plant A 50% Plant A 65% Plant B 50% Plant B 65% Plant C 50% Plant C 656% Plant D 50% Plant D 65%

PFA PFA PFA PFA

GGBS GGBS GGBS GGBS GGBS GGBS GGBS GGBS requirements.




Prolonged Setting Time at

Fresh Stage

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
wl/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




W Lower Early Strength at Initial

GGBS & PFA tremie concrete research by MTR

Strength Development

Plant A - Strength Development Plant B - Strength Development

00 1000  An observable trend indicated
& & 900 o e
= Z 500 that the initial strength of PFA
< 50.0 < 70.0 . .
00 > 600 mixes typically better than
N ——45/20 Cat C 35% PFA % 50.0 ——45/20 Cat C 35% PFA .
ER ——45/20 Cat C50% GGBS .5 400 | ——45/20 Cat C 50% GGBS that of GGBS mixes,
$ 20.0 ——45/20 Cat C 65% GGBS g 300 ——45/20 Cat C 65% GGBS predominantly attrlbuted tO
g 0o g 20.0
© - the lower dosage of 35% PFA.
0 7 142128 3:1‘51;2 ;13;: 63 70 77 84 91 0 7 142128 ?1‘51;2 ;15;;5 63 70 77 84 91 Strength eVOIUtiOH persisted up
Plant C - Strength Development Plant D - Strength Development to 28 day S, Wlth marglnal
L 00 - enhancements observed up to
% 80.0 % 80.0 T 91 days.
§D 70.0 §D 70.0
g 60.0 g 60.0 . .
& 500 —— 45/20 Cat C 35% PFA & 500 —— 45/20 Cat C 35% PFA ¢ NOteWOTthy the dlfference 1n
% 40.0 ——45/20 Cat C 50% GGBS % 40.0 ——45/20 Cat C 50% GGBS 0
g 300 ——45/20 Cat C 65% GGBS $ 300 ——45/20 Cat C 65% GGBS Strength between the 3 5 /O PFA’
co £ 50% GGBS, and 65% GGBS
o 0 7 14 21 28 35 42 49 56 63 70 77 84 91 o 0 7 14 21 28 35 42 49 56 63 70 77 84 91 mixes was lnSIgnlflCant Wlth]-n
Time / day Time / day

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

Strength Development of GGBS Concrete

N

&0
avg 7 day
strength of D45-
S0 25%PFA

40

30

Cube Strength (MPa)

20 -
10 = =
o =T A 4
2\ xr
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Sl VAR AT
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Age (Day) R o A 5
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W Lower Early Strength at Initial

Mix Design — D60/20 45%GGBS

Science Park 12W-A

M/F beam /Signal 1

76.4...

Compressive Strength
Feb 19th, 2024, 16:36

22.7.-

Temperature

Report generated on Mar 12th, 2024 by Lai Chi Sing

41.3- 12.5.

Highest Temperature Lowest Temperature

Feb 19th, 2024, 16:36 Jan 27th, 2024, 19:37 Feb 9th, 2024, 10:36

Temperature & Strength over Time

76.4

45 8

30.6

153

Maturity Sensor Report of

HK Science Park

16.5

8.3

3 Days to achieved designed strength

Concrete Poured

Gan 26th, 2024, 19:45

30MPa Jan 27th, 2024 16:37
40MPa Jan 27th, 2028, 22:37
SOMPa Jan 28th, 2@4, 09:17
60MPa Jan 29th, 2024, 10:17
Last Recorded Strength Feb 19th, 2024, 146:36

Internal Cube Test Result Conducted in QH

ldays 20.9/20.1
2days 41.2/41.8
4days 55.1/54.4
7Tdays 67.3/66.9
14days 75.7/73.9
21days 80.6/82.8
28days 86.7/85.0




1 Plastic Shrinkage

* People claim early strength for concrete with GGBS 1s lower than that of OPC
concrete, plastic shrinkage crack 1s prone to happen

Surface Evapaoration Surface Evaporation
CIVIL ENGINEERING DAILY ©

Plastic shrinkage 1s caused by the loss of water by BT RIS
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




Plastic Shrinkage

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)

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%GGBYS)

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
avold plastic shrinkage



3. SUSTAINABLE CONSTRUCTION
SOLUTIONS —
« ESG BENEFITS OF GGBS



7 ESG Benefits of GGBS

Benefits of G(zBs Concrete in

Environment

* Sustainability

 Recycling Materials Replacement
 Reducing Carbon Emission Factor




W Sustainability

Reducing water I?ﬁiﬁfg;lg
permeability resistance Enhance Concrete
Durability
Less thermal  Annual construction waste 1s
cracks expected to reach 2.2 billion tons
globally by 2025

Concrete Repair Mortars Global Market

Report 2024
$4.07 billion

‘,g&
. $3.14
Less Life-Cycle Cost for GGBS Concrete .
billion

2023 2024 2025 2026 2027 2028

Market Size (in billions of USD)




¥ CIC Green Product Certification

Introduction

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

ORIGINAL CIC Requirement: C30 C35 ca0 C45 C50
296 323 350 373 396

Platinum| < | 252 < 275 < 298| < 318 337

Gold| 252 280 275 306 298 332 318 354 337 375

Silver| 281 310 307 339 333 367 355 391 376 415

Bronze| 311 340 340 372 368 403 392 429 416 455

Green| > 340 > 372 > 403| > 429 455

Carbon Assessment Method

Raw
Material
Acquisition

The quantification and reporting of the carbon footprint of
products (CFP) under this Certification 1s thus based on a

“cradle-to-site”
removals of the product arising from raw material acquisition to

the border of Hong Kong.

approach, covering all GHG emissions and

==

Guide No.: CICGPC_AGRMC-07-2020

CIC Green Product Certification
Assessment Guide

Ready-mixed Concrete

<

CIC GREEN

CCCCCCCCCCCCCCCCCCCC

Schome Owned by Construction Industry Counci (€IC)




~ Lower Carbon Emission Factor

Carbon footprint of Cementitious Materials

Calcination Fossil Fuel Clinker Grinding /
of raw combustion production Classification
material

OPC 950 468 315 30 20 763
Classitied PFA* 8 - 8 8
GGBS* 83 36 20 56

* Exclude the carbon emission in the primary process

000 AnEE | @HX | ¢ N | <
’c 02 EDDWEM "o B ’COz = GOk B el CEEEE

Surraesa Carbon Footprint information Platform
Suren e Carbon Footprint Information Platform =

BEIERE

a
> ] 2.52E+2 kgCOze UHER(m3) 2020

B B BN} - BREERSH et A

F8H R 5 1 (245 kgf/cm2) =
i N _ HSE 5 (280 kgffem2 =5 | 3.38E+2 kgCO: UAAR(m3 2020
s BN BL-A  AREEERE  SABRGBEZIBE: 11118 ) = P R
B EENR (350 kgf/com2) == 3.75E+2 kgCOze uFHRR(m3) 2020
[510Y (€217 LEBHRE #iE o SEB NEEG BARMBHREL(350 kgffem2) =5 4.07E+2 kgCOze U5 RR(mM3) 2020
= ) ) SRR 1(420 kgf/cm2) = 3.70E+2 kgCOze 5 4R(m3) 2020
MERIKIE(TIEY) = 9.81E-1 kgCO2ze 2 Fr(kg) 2020
t(420kgf/cm2 - REBEHBERE22%) == 4.64E+2 kgCOze 2 R(m3) 2019
NERIAGE(TR) =3 9.64E-1 kgCOze AT (kg) 2019 § ) )
81 (420Kgf/cm2 - RIRERHEIEF20%) =5 4,31E+2 kgCOze U BR(mM3) 2017
SBEKE B 1.01E+1 kgCOze AFr(kg) 2018 2311 (420kgf/cm2 - REMEH B E25%) sz 4.43E+2 kgCOze A RR(M3) 2017
EFh 2 9.48E-1 kgCO2e 2Fr(kg) 2017 SHRFEHRR T (420kgf/cm?2 - REERHELE45%) =5 3.36E+2 kgCOze IERR(m3) 2017
AKR(FASE) = 9.07E-1 kgCOze 1 (kg) 2017 = 5.04E+1 kgCOza () w016
) K% B (A EE%) o 5.47E+1 kgCOze ZME(mt) 2016
i = 9.50E-1 kgCO2e 2Fr(kg) 2014
EHH(EE) =4 4.82E+1 kgCOze 2 HE(mt) 2016
NSBIZKOR (%2 = .40E- 2
NMFEAKE(RZL) =g 9.40E-1 kgCO2ze AT (kg) 2014 RTAER(LZER) — 5.25E+1 kgCOze A(mt) TG

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



Lower Carbon Emission Factor

Carbon emission factor for concrete mix

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
wic 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
Bored Pile Pile Cap
D45 25%PFA | D45 60%GGBS | D60 25% PFA | D60 60%GGBS D40 35%PFA | D40 65%GGBS | D45 35%PFA | D45 65%GGBS
Cement 402 184 405 200 Cement 325 140 338 154
PFA 134 0 135 0 PFA 175 0 182 0
GGBS 0 276 0 300 GGBS 0 260 0 286
Water 205 200 180 200 Water 207 200 197 200
wic 0.38 0.43 0.33 0.40 wic 0.41 0.50 0.38 0.45
Carbon Emission Factor|  337.219 192.514 339.978 207.446 CarboF”aEtrgriSSion 276.7884 156.164 287.0238 169.548

Embodied carbon reduction in concrete:
PFA concrete : ~25%

GGBS concrete : 50%




~ Lower Carbon Emission Factor

D45 OPC Concrete

Manufacturer: Quon Hing Concrete Company Limited
Factory Site TYTL 119, Tam Kon Shan Road, Tsing Yi, Hong Kong
Address:
Category: Ready-mixed concrete
Origin:
Carbon Rating:
Bronze
GU\'\)
CIC GREEN ‘
PRODUCT CERTIFICATION

gold

CFP Value: CIC GREEN

3
I 327.673 kg COze/m™ product I PRODUCT CERTIFICATION

Certificate No.: CICGPC-L-24096(RMC)
2027-11-18

Under new
benchmark

Licence End
Date:

D60 OPC Concrete

Manufacturer: Quon Hing Concrete Company Limited
Factory Site TYTL 119, Tam Kon Shan Road, Tsing Yi, Hong Kong
Address:
Category: Ready-mixed concrete
Origin:
Carbon Rating:
Bronze
@°
a\‘°‘\1‘
CIC GREEN ‘
PRODUCT CERTIFICATION
gold
CIC GREEN

CFP Value: PRODUCT CERTIFICATION

| 373.332 kg CO5e/m3 product |
Certificate No.: CICGPC-L-24102(RMC)

2027-11-18

Under new
benchmark

Licence End
Date:

D45 PFA Concrete

Manufacturer: Quon Hing Concrete Company Limited
Factory Site TYTL 119, Tam Kon Shan Road, Tsing Yi, Hong Kong
Address:
Category: Ready-mixed concrete
Origin:
Carbon Rating:
Gold
“ e
CIC GREEN
PRODUCT CERTIFICATION
platinum
CIC GREEN

CFP Value: PRODUCT CERTIFICATION

|261.561 kg COe/m3 product |
Certificate No.: CICGPC-L-24097(RMC)

2027-11-18

Under new
benchmark

Licence End
Date:

D60 PFA Concrete

Manufacturer: Quon Hing Concrete Company Limited
Factory Site TYTL 119, Tam Kon Shan Road, Tsing Yi, Hong Kong
Address:
Category: Ready-mixed concrete
Origin:
Carbon Rating:
Gold
5 !
CIC GREEN
PRODUCT CERTIFICATION
platinum
CIC GREEN

CFP Value: | 202 142 kg COe/m® product |

Certificate No.: CICGPC-L-24103(RMC)
2027-11-18

PRODUCT CERTIFICATION

Under new
benchmark

Licence End
Date:

D45 GGBS Concrete

Manufacturer: Quon Hing Concrete Company Limited

Factory Site TYTL 119, Tam Kon Shan Road, Tsing Yi, Hong Kong

Address:
Category: Ready-mixed concrete
Origin:

Carbon Rating:

w.““"“"

CIC GREEN

PRODUCT CERTIFICATION

platinum

CFP Value: | 202.269 kg CO,e/m® product |

Certificate No.: CICGPC-L-24098(RMC)

Licence End 2027-11-18

Date:

D60 GGBS Concrete

Manufacturer: Quon Hing Concrete Company Limited

Factory Site TYTL 119, Tam Kon Shan Road, Tsing Yi, Hong Kong

Address:
Category: Ready-mixed concrete
Origin:

Carbon Rating:

w“‘“"“‘

CIC GREEN

PRODUCT CERTIFICATION

platinum

CFP Value: | 219.970 kg CO-e/m® product |

Certificate No.: CICGPC-L-24104(RMC)

Licence End 2027-11-18

Date:

ORIGINAL CIC Requirement: C30 C35 cao ca5 C50 Ce60
296 323 350 373 396 443
Platinum < 252 < 275 < 298 < 318 < 337
Gold| 252 280 275 306 298 332 318 354 337 375
Silver| 281 310 307 339 333 367 355 391 376 415
Bronze| 311 340 340 372 368 403 392 429 416 455
Green > 340 > 372 > 403 > 429 > 455
Proposed New Benchmarking C30 C35 C40 C45 C50 C60
256 279 290 293 296 323
Platinum| < < | 28 | < | 247 < 250 < 252 <
Gold 242 | 238 | 264 | 247 275 250 | 278 252 280 | 246
Silver| 243 | 268 265 293 276 304 279 307 281 310 307
Bronze| 269 294 294 321 305 334 308 337 311 340 339
Green > 294 > 321 > 334 > 337 > 340 >
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4. INNOVATIVE CONSTRUCTION
METHODS - Ultratine GGBS
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Independent Carbon Crediting Programmes — Low Carbon Cement Protocol

Additionality Requirement - Exceed Common Practice

Ineligible SCM/ACM List TP W Eligible Products

. A Examples of eligible SCMs/ACMs include:
. Portland leestone Cement = Beneficiated coal ash (upgraded and/or harvested coal or bottom ash)
(ASTMC595)

= Raw natural pozzolans (i.e., volcanic ash)
= Calcined clays/shale and/or metakaolin
_— = Limestone calcined clay cements (LC3)
= Traditional fresh coal ash - Carbon dioxide (C02)
(ASTM C618)

= Silica fume
= Other novel SCM/ACM s (including biogenic limestone, etc)

(ASTM C 1 240) Version 1.0 October 4, 2023 <. = Blends including one or more eligible SCMs/ACMs

= Other artificial pozzolans or treated calcined materials (including rice husk ash)
Project Developers

= Other waste by-products (including Bauxite residue (Red Mud) or cement kiln dust)
The project developer by default is the SCM/ACM supplier or

= Novel ACMs (including clinkered, calcined, and non-clinkered materials)
' ' i ' ' g(OH)2))

= Traditional Slag Cement

ASTM - Slag Activity Index, min, %

(ASTM €395 & C989) Average of Last Five Individual manufacturer, but a project developer may also be low-carbon cement
Grade 80 = (China S75) Consecutive Samples Sample technology suppliers, and/or entities that specialize in project
7-Day Index development.

Blaine- GGBS 3250cm2/g

. d
Grade 100 = (China §95) | 5241 = -
. Grade 120 95 90
Blaine- GGBS 4100cm2/g 28-Day Index

Grade 120 = (China S105) [ .4e 100 - -
Blaine- GGBS 5700cm2/g Grade 120 115 110




China and India High Fineness GGBS Standard

ICS 91.100.30
ARRERERAAER KR TR, 156 200 )10 U8 DA 258 IR AR, o ' —
' C — Table 4. Chemical characteristics of ultrafine GGBS
R A AR P N S —
- . No. emical component alue (% by mass
Mineral admixtures for high strength ':':' ﬁ A & # ﬂ] E E i h & 1 Manganese oxide (MnQ) 0.45
e 2 Magnesi ide (MgO) 8.91
agnesium oxide .
21 TWARHOEAER R oo ¢
GGBS Fineness 2017 Version 3 Sulphide sulphur (S) 0.63
b R 4 Sulphate (SO4* 0.22
w2 A | wex | "7 | ax | maes uiphate (S0
I I I ARRE | | 5 Chloride content (CI) 0.07
o fl o O It S 90 / %6 £ 14.0 - — — 4.0 6 CaO 33.03
=t B2 14 .5 &5 T8 = 4.0 3.0 — — 1.0 7 Si0; 33.80
PR BORRSEO /% = 3.0 5.0 - | 6.0 | 4.0 8 Glass content 93.50
WlFORRSEO/ % < 0.06 0.06 0.06 0.10 0.06
S k2 10 5 2.8 o), % > . | . — — | 85 l 50 Table 5. PhYSical characteristics of GGBS
=RE—RRRIIO/% > — || _ — — | . i — Characteristic Value
W AL 95 O I S0 /% s — 1~ 1.0 R 1.0 Particle size (um)
4 (i Cmmol/kg ) = — -— — 1 000 — — D50 3.90
BARAEGER S8/ % < 1.0 1.0 — 3.0 1.0 D95 14.21
W2 B/ (' S kg) = 600 400 - — 15 000 — Fineness (m*/kg) 1822
-!I - + . . . o
45 pen HTLIIER RS0/ % < 25.0 5.0 5.0 5.0 Slag activity index %
23 1280 < 115 105 100 115 125 120 1 cays —_ ‘
T 1 1 28 days 114
3d 80 — — — 90 85
i + + Specific gravity 2.82
% = 7d 100 75 — — 95 90
[ 28 d 110 100 70 95 | 115 | 105 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.




Korea
Study

GUBY Finen

neness And Re

Setting time(min)
Initial Final

acement Ratio Effect On Concrete Compressive: Strength

D)

GGBS Fineness and Replacement Ratio On Concrete Compressive Strength At Water/Binder Ratio = 0.24

Plain 321 Blaine B1=4,350 cm?/g, Blaine B2=5,350 cm?/g, Blaine B3=6,450 cm?/g , Blaine B4=7,650 cm’/g, |
ki okl 458 ID Flow Compressive Strength (MPa)
e 4 GGBS
N i ish Replacement (mm) 3 day 7 day 28 day 91 day
5m 44 : Plain 202.0 82.0 91.9 107.3 131.3
;;5';:;:1 2:} i;:: 8 3 HV 35 B1 415.0 87.2 104.2 136.7 152.5
Hvesiss sas 2 35% = ! HV35B2 4115 90.5 110.7 141.2 151.5
I:L’:ﬁiiﬁé Z;g: 1105 R AR  Hv35B3 405.5 88.1 113.4 136.5 153.9
:;3:3;;: i: HV 35 B4 363.0 95.4 111.2 142.5 154.7
- Untwegnte i} HV50B1 4245 78.3 111.9 142.5 157.2
S R TR R 50% ; 5; HV 50 B2 425.0 86.6 112.6 145.8 158.3
RS i T = = _HV50B3 410.0 90.7 114.6 144.2 156.1
e . T W = - HV 50 B4 366.0 92.7 112.0 123.7 154.5
HV3SBA 24 78 - - - 42 e HV 65 B1 458.5 75.3 126.0 142.2 163.7
HV350B1 2.4 6 6 - -
oo, HVSOB2 24 6 - 6 - 65% 5 R HV65B2 442.0 80.2 119.8 128.0 155.0
ol . = m _ HV65B3 436.0 78.5 117.5 128.0 142.6
—Hvesl 24 A2 T . . HV 65 B4 407.0 82.8 118.4 131.9 149.0
g%, T R R mo- HV 80 B1 441.5 60.7 109.4 118.1 125.7
° HV6SB3 24 42 78 - o T : 2 . - :
2 T TR B SURND ST 18 80% £ A HV80B2 448.0 68.1 114.7 121.5 138.2
o, HVEOB2 24 24 - o6 - = & HV80B3 4535 70.3 107:9 119.3 136.2
oA B = = = HV 80 B4 412.0 78.6 97.7 113.1 1210 |93-11




Japan GGBS Slag Aetfwmtry Index And Blaine Fineness

HESIFA S S MR SEN Eit##
BF4000 (S95) 'BFBOOO BF11000 | BF1800 BF3000

....... BF4OO0 - - - - BFSO00.  BRASTRBROEES S U e
""""""" P Production Using| i sl Rl -7
' ' Air Classifier BF4000 || BFS000 | BF11000 || BF18000 | BF30000 %)
% (g/cm®) 2.92 2.92 292 | 2902 2.92 e T
B®EMm?/g) | 4830 | 8180 | 10800 | 18050 | 29620 801 3 =
EMREEEm) | 9.6 52 20 1.0 Fe20: | 0.5 —
7 & %) 100 99 98 93 86 S -
EEE | TH 67 | 1564 164 K0 | 028 :
¥ % | 285 | 99 || 112 | 1928 138 138 Mo o0 1020
(%) [ 91H | 105 120 122 | 118 | 111 a | 00003 | 002uiF




Expanding Cement Paste Property Space
Concept of Packing Density

NEX




Tallering Eimocal Local Packing Density

Cement
20pm

SUmE o
Superfine

Wedging : Loosening GGBS

effect effect : effect -
!

0% Increasing % of Large Particles 100%




Adv of High Fineness GGBS

CONCRETE PERFORMANCE push continuously upwards

P
[\
Q. 250 " Ultra High Strength Concrete
z \ (UHPC)
: f.. > 150/MPa
< 200 L £l
(o))
c \
(1) ‘\
g 150 Very High Strength Concrete
~
~
~ ll . f., = 100 to 150 MPa
g 100 | — <th High Strength Concrete
2 Ultrafine | e (HSC)
E. GGBS | ' - f = 50 to 100 MPa
8 50 T il Normal Strength Concrete
Bl PO (NSC)
. T- ol f,= 10 to 50 MPa
0.1 0.2 0.3 0.4 0.5 0.6 0.7

W/C ratio



¥ Adv of High Fineness GGBS

2. High Fineness GGBS Capillary Pore Size

High (ultra-fine) granulated blast furnace slag content has a favourable effect both on the capillary/gel
0 pore ratio and on the calcium hydroxide content in the hardened cement paste.

~ 1 60 . ve “*“ ‘seagetoddIoncansainsarnedd
=N . . Se—— T . N—
< 8 i 5 £ gyl [BIOIN, s
§ 5 ~7000-50

3 6 ‘ ‘ " ........... . ‘ .................. L

3 A e L p— X

e 4 | LLLTTTI S —— t HA 2 Ad .--. ~

8- A k -x ........... ‘ ....................... ,‘ z

£ D Y Wi o -

(0

= A whb=030 ® whb=037 " whb=04

S 0 s

© 4,000 5.000 6.000 7.000 8.000 9.000 10.000 w/C (%)

specific surface [cm?/g]

Impact of w/b ratio and specific surface on the capillary porosity



¥ Adv of High Fineness GGBS

3. High Fineness GGBS Carbonation Resistance

w/c: 05
Temperature: 20°C
Humidity: 60% RH

Carbon dioxide; 10%

Fineness: m/kg

480

Carbonation depth after 91 d: mm

1080, 2960
'd

T ® ™
40 60

GGBS content: %

1

80

o

PC - B_ 2135% GGBS

36-65% GGBS -2 _ 66-80% GGBS

140 -

120 -

100 A

80 4

60 -

40 -

Extrapolated carbonation depth at 50 years: mm

20 4

y=-0-9053x + 69-645
R2=0-6429

- - == y=—0-9746x + 78-434
R?2=0-8517

— = y=-—1-1038x+91-124
RZ=06126

- — y=-1-2416x+ 107-44
: R? = 0-603

0 -
20 30

40 50 60 70 80
Characteristic cube strength: MPa

Extrapolated carbonation depth at 50 years: mm

140 -

120 +

100 +

®_pC L]

21-35% GGBS

— — 36-65% GGBS -2 _. 66-80% GGBS

y=103-82x— 28-466
R? =0-382

- === y=127-81x-29-289
R? =0-3936

y=151-87x— 29219
R2 =0-425

------- y=159-69x— 2574

R = 0-5428

w/c ratio

Slag %, Slag Fineness, Compressive Strength and W/B ratio on Carbonation Depth




Adv of High Fineness GGBS

4. High Fineness GGBS ASR Resistance

Carbonated concrete

Expansion (%)

o
N

High early strength
Portland cement: 100%

ASR expansion of PC beam made with reactive aggregate

1.0 (

0.8 |

O
o

<O
N

Sound concrete

-0~ High early strength Portland cement: 100%

—o— High early strength Portland cement: 50%
+ GGBS 6000: 50%

|

: l

7

3 4 5 6

Exposure time (year)

9 1C High early strength
Portland cement: 50%
+ GGBS 6000: 50%



Adv of High Fineness GGBS

Superfine GGBS Fineness and Substitution Rate On Concrete Properties

Type

S 95 GGBS
4000

Ground granulated blast-furnace slajg

6000

Blaine specific surface area
(cm-/g)

3000

-

< 5000

5000

-

<7000

Substitution ratio (%)

Property
of
fresh concrete

| Fluidity |

| Bleeding |

Setting delay effect

O 0|0 |H

o002

ololo |y

olo[o|Z

Adiabatic temperature rise

Heat generation rate restraint

Property
of
strength

Initial strength

28 days strength

Long-term strength

High strength

Property
of
durability

Drving shrinkage

Carbonation

O 10 [O|O |0 (O]

"opP>ejoro|

OO0 0|00}

1 [O|©@@ |00 |0]!

Freeze thaw

Water-tightness

Salt shield

Seawater resistant

Acid and sulfates resistant

Heat resistant

Alkali-silica restraint

Abrasion resistance

OO0 0[O0 |0 (O

O|@|0|©@G|© |0 (O

oo IeI>I>e|ee>[o|s

OI0I0IOIO|IO |00

Ol@0©®|I©|©|0|O

olejolelel@l@IO[>|O|O|0|@|>|0(0[@|0 |0 |2

Legend:

© : Good property is provided in comparison with no mixture concrete.

o : At the same level or a little good property is provided.

/\ : Attention is necessary for use.
— : Property varies according to a condition.
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Installation

Small additional footprint,

a plug-in for the modular
gnndlng plant

KBIal ne 7500, 8000 cma/g
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Efficient grinding processfor
coarse to medium grain size
by compression
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Multiple stressing is required
for Superfine production

Non-Classifier Continuous Mode 3.3
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Packing density of mixed-particle system comprising particles with two different radii.

The horizontal axis represents the volume ratio of particle diameter of 1 mm.

packing ratio

Simple system consisting of
single type of particles (Smm¢)

0 0.2 0.4 0.6 0.8 1
volumeratio of 1Tmmd

System with particles having two different diameters particles (Imm¢ : Smmé¢ =3 : 7)

Packing of spheres with radius r in direct contact with sphere with radius R
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Japan GGBS Slag Activity Index And Blaine Fineness

BF30000

....... BF4O00 - - - -~ BEGO0O  BRASTRBROEES S U e O
""""""" LSRG Production Usingl fEig g;’; HfiE ﬂ;éé?:ﬁ
Air Classifier BF4000 | BFS000, | BF11000 | BF18000 | BF30000  —
% ¥ (g/cmd) 2.92 2.92 2,92 2.92 9,92 e T
F 2 TR (cm?/g ; 18050 | 29620 2i0; | 387 =
FERE (pm) J.C 4.0 2.0 1.0 Fe203 05 —
7 £ ik (%) 0 08 G.sced 93 86 155 =
EeE | TH 67 08 100 110 1564 | 164 K20 028 :
# % | 28( 99 112 | 128 140 138 138 N T T
(%) | 91H 106 | 120 | 122 | 118 111 a | 00003 | 002

: ' 03-10




nglm Fineness GGBS Particle Shape

Superflne GGBS Slag S95 GGBS Slag

75% +

20%

25%

Cumulative Distribution (%)

10um ENT=1000kV Signal A= SE2 Date: 17 Jan 2022 PboloN 3716

WD = 17.3 mm Mag= 100KX  LIRR-Gemini300




Performance of G.Seed Concrete

Superfine GGBS Fineness and Substitution Rate On Concrete Properties
T S 95 GGBS Ground granulated blast-furnace slajg G.Seed Superfine GGBS
ype
P 4000 6000 8000
Blaine Spﬁ‘(iﬁf,f;ll‘fﬂff area 3000 = <5000 5000 = <7000 7000 = < 10000
cm-/g
Substitution ratio (%) 35 50 70 35 50 70 35 50 70
Property Fluidity O O o © o @ ©) © O
of Bleeding O O A @) (@] O () (@) ©
Setting delay effect O (@) (@) O O O @ O ©
fresh concrete —giparic temperature rise — ~ o) B _ O N _ O
Heat gE‘]lE‘l‘HTlﬂ]l rate restraint ®) O O O O O O O

Prnperty Initial strength ® A AN O O VAN O O I O I
of 28 days strength O O A O O O © O )
Long-term strength @) O (@) O ()] (@) © (@) O
strength High strength O A A O o o o o o
Drying shrinkage @) @) @) @ @) Q @) Q @)
Carbonation — — A — — FAY — — /\
Property Freeze thaw ® ® @) ® O O @) O O
of Water-tightness O (@) (@) O O O O © ©
durability Salt shield ®) ©) o @) o @) O ©) )
Seawater resistant ®) O (@) O O (@) O O O
Acid and sulfates resistant O @) (@) O O (@) O (@) ©
Heat resistant O O O O O O O O O
Alkali-silica restraint O [®) O O O (@) O O O
Abrasion resistance @) O O O O (@) O (@) O

Legend: © : Good property is provided in comparison with no mixture concrete. /\ : Attention is necessary for use.
o : At the same level or a little good property is provided. — : Property varies according to a condition.




| Performance of G.Seed Concrete

G.Seed Concrete

Binder Content Compressive Strength (Mpa) Elastic Modulus (GPa)
450Kg-540Kg Grade C60-C90(cylinder) 40-45 / 46-50
Aggregate Type : Granite Aggregate Basalt Aggregate

Granite Stone Fines River Sand/Stone Fines

Water/Binder Ratio :0.27 —0.32 Workability : Flow Table Value 550 — 650 mm
Paste Elastic ‘h#odulus + Flexural T%Jghness + Compressi\‘;f.e.: Strength

Performance Gel Morphology Defect Length Volume Porosity

100%6

« Low Capital Carbon Approach

* |Increased Service Life and Durability

« Reduce Steel Reinforcing And Structural Member Size g
 And Most Importantly=> **Carbon Reduction & Cost Saving

C0; em [Kgit]
g 8 E & £ § % B

g
g <
C b
: f‘ﬁ
g -
0 2

Wik

i

i

[

3



CONCRETE STRENGTH AND MODULUS OF ELASTICITY' engineer design value

Design values of elastic modulus for normal-weight concrete

HPG & UHPG Gonerete E-Value : China Gode

Concrete E o (kN/mm?)

Strength

s Forgoneratuse | " checing overst bulang
C20 18.7 20.5
C25 20.5 22.2
C30 222 23.7
C35 23.7 251
C40 251 26.4
C45 26.4 2.7
C50 217 28.9
C55 28.9 30.0
C60 30.0 31.1
C65 311 32.2
C70 32.2 33.2
C75 33.2 34.2
C80 34.2 35.1
C85 351 36.0
C90 36.0 36.9
C95 36.9 37.8

C100 37.8 38.7

8 5 R Ve et L B v S R B AR B (MPa)
JERE R %L, C70 | C80 | C90 | C100| C110
HOHUE £ 450 | 510 | 560 61.0 | 67.0
PRUEAE mhOHRL fil 3.0 | 3.1 | 33 | 3.5 3.8
HOPUE fid 318 | 36.1 | 40.0| 43.7 | 48.0
WitE iR £l 2.1 | 22 | 24 | 25 2.7
MefEe £, (x10H| 3.7 | 3.7 | 3.8 3.9 4.0
UHPC 37 J7 #& $it |k 58 E Fr #E B ya PN T 120MPa
gRAFAEZ | UC 120 | UC 140 | UC 160 | UC 180 | UC 200
Uq MPa) | 120 140 160 180 200
fya. MPa) 84 98 112 126 140
fiueg (MPa) 58 68 i 87 7
UHPC 348 E E. (X109
DRSSl | UC 120 | UC 140 | UC 160 | UC 180 | UC 200
EHEE ! 4,2 4.5 ! 4.8 5. 1 5. 4
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| Performance of G.Seed Concrete

Blnder 420 520Kg (50% G.Sood)

E.Modulus = Product Trlal Data

Done By FLEXCRETE

Design 0f 1m® Concrete Compressive Strength (MPal
G Mix vorume | CE™ENt FL;";;‘:: S/F Ag?::’ River Sand | Z-Additives | A-Catalyst | Water | SBTRW-BP | HEMI | PCA-1 o s s s s Elastic
(KG) ke) | | ) (KG) (KG) (KG) (KG) (L (L (L A ” e o Modulus
(KG) (KG)
4th 0.04 210 210 S80 770 0 0 0 134.3 2 7 Cement Reduction Nil 18 MPa 91 MPa 99 MPa J48.5 Gpa
Sth 0.04 260 234 880 770 0 26 (4] 166.4 1 2 6 Zeohtes Nil 28 MPa /4 MPa| 79 MPa §47.0 Gpa
6th 0.04 260 260 880 770 0 0 0 166 4 2 6 1.5 MPa 18 MP3a 88 MPa | 96 MPa 46 .8GPa

Customer Sample No. Batch 4-1G
HKT Sample No. P24C00165
Date Cast 6 Feb 2024
Age at test (days) 28
Condition of cylinder” when received Dry
Curing and storage report Curing in laboratory at 27+/-3°C
Type of measuring instrument ) Dial Gauge
Gauge length (mm) 1509
Diameter of cylinder (mm) 150.0

As Received density * (kg/m") 2400
Concrete cube strength (MPa) 1022
Maxinmm applied stress (MPa) 272
Compressive strength of cylinder (MPa) 0334
Static modulus of elasticity (MPa)

Static modulus of elasticity (GPa)

Batch 5-1G

P24C00167

6 Feb 2024
Age at test (days) 28
Condition of cylinder* when recerved Dry
Curing and storage report Curing in laboratory at 27+-3°C
Type of measuring instrument Dial Gauge
Gauge length (mm) 1509
Diameter of cylinder (mm) 150.0
As Recetved density * (kg/m") 2400
Concrete cube strength (MPa) 80.6
Maxinmum applied stress (MPa) 2098
Compressive strength of cylinder (MPa) 76.77
Static modulus of elasticity (MPa) 43.500
Static modulus of elasticity (GPa) 470

Customer Sample No. Batch 6-1]
HKT Sample No. P24C00170
Date Cast 6 Feb 2024
Age at test (days) 28
Condition of cylinder” when received Dry
Curing and storage report Curing in laboratory at 27+/-3°C
Type of measunng instrument ) Dial Gauge
Gauge length (mm) 1508
Diameter of cylinder (mm) 150.0

As Received density * (kg/m") 2400
Concrete cube strength (MPa) 034
Maxinmm applied stress (MPa) 240
Compressive strength of cylinder (MPa) 97.96
Static modulus of elasticity (MPa) 46.800
Static modutus of elasticity (GPa) 46.8




¥ Performance of G.Seed Concrete

—

i

Green Active Robustness Co

Binder : 520 KG/M3 ( 50% G.Seed Superfine GGBS )
poregate : Granite Stone Fines poregate : Granite-10mm & 20mm

Paste Bulk Density | Flow table value[ Compressive Strength Elastic Modulus
volume -m““

—
“—a

Done By N

Batch 4-2 0.307 0.53 0.35 2370 5o 42.5
M10-0.34 0.320 0.50 0.34 2400 400 66.1 42.2
M10-0.34-1 0.306 0.50 0.34 2400 550 99.0(56d) 45.8
M10-0.34-2 0.50 0.34 2405 530 98.0 44.8
' = + . : Pm2 2 ' i
Workability Robustness , - 8 r - : — 1
ey | Local Packing - Global Packing _ > —~——~— NP 2
M10-3§4—1—5tandard j , j 0@6 é 2 | = o.g§
550mm flJutablevalue 3 off | 5 T 4 NT Cg%) 0.8 I
L o998 | g
s - # : 5 2| lo7 &
- ' ‘ ' § T A&g % %) N=7 3
by &2 Py — %2 04 06 08 1 12 14 °°
Aggregate volume fraction ($)

Radius Ratio (R=r, Irj)



¥ Performance of G.Seed Concrete

High Grade — No Silica Fume Mix | == LTassess
Dase Casaz 1503.2004
SO0 2OGGERsL.OF
200
.C O&5
2 2% ; Aser
Acyust
14 Days Test Result 1 | 'S
1233
Plastic Demsity (Kg M) 2390 25 u 203
1$. 5§ 218
Yisie o9 135 | o3 | ysea
p— 2515 Typical High S hC Mi
N YPICa Ig trengt oncrete IX
oA ’ -
mzc Streagt Test Date = NAMI’s High Strength Concrete
: i | fea Ee) C100
. s 1 28 Days
21056 2203.203 B :
: S = Compressive g8 4MPa 111.8MPa 119. 4MPa
' :l l: - :Qo‘ Z "’// Strength
T 77
[ Deermiastin o Lowiing__ Swess 1 Loncing foree* U Lowding Swess (7, =73} FERETTREEAT Elastic modulus 37.9GPa 39.7GPa 40.7GPa
Uppet Loagng Stress (0, = £ 173) g MPw | 543 &N) Basic SEws L0y = DSNPD 2.5 QNP g g kb
Bt Stress {7 ¢ % 0.5MPa) o P | g g AN - secxiongl sta.of Cxlinder, o 1248¢.C
psz-scctioal socst of Cylindsr, (mm’) A TEL l'l'lmim[ foroe shall be calvulsied by multptying 1he sess by the crcas-sectional seea of oylinder

*Loadizg farce shall be caloulated by multupiying the sress

by the tross-sectioral avea of cylinder.

§ J3b () Determinatiar af Strain Reading

1% Cyale | 2™ Cyele
x5

{Strain under the Upper Loading Stress (£ 5)

XA

il [Stran usder the Basic Stress (£4)

:} :Hl

oy

Z} Crele] Averspe I e
; Sex

W - =

The Stanie Modulus of Hlastiaty tn Compression
[E.=(@Fa- o)/ {e, -£ ) *1000,GPa)

52 Gpaﬂ En

!tixnn‘cﬁsi\'c Strengty of Test Specimen (MPa) llé_M-Ea

Tested By #AlETA -

Compression Testing Machine, Strain Measuring Appardtus, Data Li

Checked By 3848 A -

L

ch

() Determezation of Srain Readisg

ol 2™ Cy:b:l'j" L'\x:l:l Averide

3 p s ] s Srep
{Straies under e Upper Loading Stess (& )

s - |- ol

-

-3t -8

[S'r.x_n under the Basic Swess{ €30

3

P e S

w il 1

F&Shzic Modulus of Elasticity 1n Compeession
(R={oa- 0D/ (E4-F w1000, GPa)

50.

GPa@ \'o.\’l

Compressive Streagth of Test Spocimen (NP

Compeession Testin

Testad By JMELA

Checked By A ¢

pbd _\

Dute of Tssoe waON:

§ Machine, Strain Mcasunng Apparatas, D Logger (TC-31K)
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oring Concrete Modulus Of Elasticit

—

The moduli of most materials depend on two factors: bond stiffness, and the density of bonds per unit volume.

50 | Aggregate
§ E. Modulus G.Seed Core-Shell Matrix
. 4D regate
- Concrete Aggreg
g E. Modulus Matrix-Aggregate ITZ
. 0

Binder Matrix
E. Modulus

E. !}{qu

:-_‘..\" e e

1000 2000 3000
Strain -107°
Diamond has a very high modulus because the carbon atom is small (giving a high bond density)

and its atoms are linked by very strong springs (S % 200 N/m).

Metals have high moduli because close-packing gives a high bond density and the bonds are strong,
though not as strong as those of diamond.

Tn-Directional
Gradient
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MicroMechanical Properties of Slag Rim Formed in Cement-Slag System

Slag rim mainly consists of secondary precipitations such as C-S-H gel phase and hydrotalcite- like phase, which

originate from the hydration of slag.
It was found that, compared to the C-S-H gel phase, slag rim showed about a 15 GPa higher modulus of elasticity.

The hydrotalcite-like phase,‘
as the main precipitation of
pozzolanic reaction between slag
' and portlandite, is closely
intermixed with the C-S-H gel
phase, forming the so-called
‘inner’ products of slag within
the original slag region. The rims
around unreacted slag particles
become  thicker, and totally _ i
hydrated slag grains at a size of ik ,.,
>10 pm are also frequently i BT
observed.

‘ Mg-Al LDHs —

Det: CBS; Mag: 1000

M

—5.0um




Before hydration Stage 2 Stage 3

C-A-S-H Dark nm C-A-5-H Dark _u

(a)

The dissolution and diffusion of different ions

C-A-5-H gels in the matrix

&




—— &) ~ > =/

~ — B T — = —
; I s h i . h
= ) , w | I
( -] | | & ‘ bl e ; j
HUHD 4 - HEEIYd YUun\ouda | 1

(DI) = 1.45 (DI) = 1.28 (DI) =1.16

42.5GPa 46GPa 46.5GPa ) 50GPa
55
52.5GPa j s ®
o
| | ~ & 45 I
>0 T47.56Pa -~ O  [42.5GPa el e
e X 0 3
_as £ 40 Lot aa
= 42.5GPa = > s
2 - o -1
= 40 2 35 o o ;)
2 o '/'4 %
£ 35 > ..
;g O 30 g
3 30 |_Granite + Stone Fine E //v .
2 < 75 F J SLAG |453 m2/kg
S 3 s SLAG (786 AND 1160 m2/kg
2 R Design valu*s of elastic modulus for Tom\al-\n eight concrete in $K
7 2 1 | | | | | | |
20 ® HKUST Volcani?:+ River Sand .30 40 50 60 70 80 90 100 10 120
5.5eed o 450,6.Seed Cylinder COMPRESSIVE STRENGTH, MPa
15 . \ » - . - [ : | - | . | | - _Il «.r,. aan = ‘ LR ‘,- e >
20 30 40 50 60 70 8 9 100 110 120 130 140 150 m lm Oheree <J \w >J
100 mm Cubic Compressive Strength (MPa) aie ‘j FUReToTe sl
115MPa
55.7MPa 82.5MPa 96.5MPa 135MPa E.= 4-45\lf;:u+ 3.13 where:
Design values of elastic modulus for normal-weight concrete in Hong Kong E, is the short-term static modulus of elasticity,
E.= 3.46\f,, + 3.21 where: f.u isthe cube compressive strength in N/mm?Z.
E. is the short-term static modulus of elasticity, Deformation Index (DI) = 4.45/3.46 =1.28

f.u is the cube compressive strength in N/mm?.
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