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= Silica (S 30

industry

Slag
= By product of steel




State of the Art German Polysius AG
Plant, Shaoguan, China

1.2 Million T PA (a new plant is under

construction)

Significant financial investment

Recycling of Coarse Screen Material
and Closed-System Efficiency
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QA/QC and Testing
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= Consistency of fine talcum pow ef, off-white
colour, very fine GGBFS.




Material

1 OPC 65 22 5
PFA 2-10 | 35-50 | 18-25
Slag 35-45 | 30-40 | 10-20

Silica

Complies with BS 6699: 1992
Requirements C1.9 to 9.7

Calcium Oxide Content (CaO): 36.1%
Silica Content: (Si10,) 34.1%

Alumina (Al,O;): 15.9%

Magnesia Content (MgQO): 12.3% (<14%)
Insoluble Residue 0.76% (<1.5%)

Chemical Moduli: (CaO+Mg)/SiO,) 1.5 (>1)
& Ca0/ Si0,1.1% <1.4%

Acid Soluble Alkali Content (Eg. Na,O)
0.69%
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How Does Slag Work?

Normal Concrete Water

||

PFA Concrete

—| R1
Aggregate Cement \
R1 Gives of I
Lime CaC
_I

Slag Concrete

R2
PFA

Cement
Aggregate Slag

R1 Gives of I—I

Lime CaOH)

R2

Concrete

PEA Concrete
|

Slag Concrete
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GGBES-drials : Key Objectives
= Quality and |

\ Consistency

| = Strength
E‘ Development

\ m Thermal Properties - ..

U d = Durability




| K.WAH CONERETE CO. LTD.
~TECHNICAL DERARTMENT

/ 200 mm Slunp MEIX TRIAL DATAH

—

CESCRIPTION

MOC ICT480+5% C.SF |

DATE:

ADMIXTURE
i APYA (o7 liiApva (=7
ya-e o 2,

Lol SIAG o o4m

2 cce] 486 ce

CTAE0 5% CSF |

AL (i

To% s 0.04n

280 cc] 40 cc

S oo Ao

60?3 Sty

3 ffr EE: SUiE

(ol 5 it ] 5 ce
£.c0 20
268 ce Ko g¢

'3 Main Groups:

Group 1: Normal 30MPa Concrete (0.58 W/B Ratio)

Group 2: Marine Concrete (0.38 W/B Ratio)

Group 3: High Performance Concrete (0.

.34 W/B Ratio)

<. (o .08




Laboratory Trial Procedure




m Temperature Monitoring
(thermocouples)




Colour D1fferences & Beneﬁts

. 70% Slag/30% OPC

. 100% OPC
. 25% PFA/75% OPC
: 35% PFA/65% OPC

: S
P i )
-,




GROUP 1

MIX NO.

Group 1 and Group 2 Mixes

CEMENT

(Kg)

GROUP 2 MIX

NO.

CEMENT
(Kg)

ADMIXTURE (Lt)

Super 20

Add

1 (25% PFA)

360

6 (25% PFA)

450

2.25

2 (35% PFA)

360

7 (35% PFA)

450

2.00

3 (60% GGBFS)

360

8c (60% GGBFS)

450

2.00

4 (70% GGBFS)

360

9b (70% GGBFS)

450

1.88

5 (100% OPC)

16 (30% GGBFS)

360

10 (100% OPC)

17 (40% GGBFS)

450

3.50

18 (100% GGBFS)

19 (100% GGBFS)

15b (90% GGBFS
Grade 30 Concrete)

20 (80% GGBFS)

21 (90% GGBFS)




CEMENT

(Kg)

Group 3 Mixes

CEMENT (Kg)

ADMIXTURE (Lt)

OPC | PFA SLAG

Adval09

Add

11 (60% GGBFS
& 5% SF)

113 (Plus
24 Lt from
SF Slurry)

12 (70% GGBFS
& 5% SF)

113 (Plus
24 Lt from
SF Slurry)

13 (60% GGBFS)

14 (70% GGBFS)







Compressive Strength Development
Group 1 and Group 2 Mixes

FINAL WORKS CUBES FINAL WORKS CUBES
COMPRESSIVE STRENGTH DEVEOLPMENT COMPRESSIVE STRENGTH DEVELOPMENT
GROUP 1 W/B 0.58 MIXES GROUP 2 W/B 0.38 MIXES
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——25%PFA ——25% PFA
—=—35%PFA —s—35% PFA
——60%GGBS ——60%GGBS
—=—70%GGBS —=70%GGBS
——100%OPC ——100%OPC

60 90




Relative Strength Development
Group 1 & 2 Mixes for 28 Days

Strength Development Relative to 28 Day Strength Strength Development Relative to 28 Day Strength
Group 1 Mixes Group 2 Mixes

—t— 250PFA
=8 3500PFA
== 40% GGBFS
== 60%GGBS

= 70%GGBS
== 100%0PC

—t— 2500PFA
== 350PFA
== 30% GGBFS
== 60%GGBS
== T70%GGBS
== 100%0PC

Percentage of 28 Day Strength
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Early Age Strength Development
Group 1 & 2 Mixes

Early Age Strength Development: Group 1 Mixes

25%PFA

35%PFA  30% GGBFS 60%GGBS 70%GGBS  100%OPC

Mix Category

[ee] ©
o o

~
=)

S ol
o (=

w
o

Compressive Strength MPa

Early Age Strength Development: Group 2 Mixes

25%PFA

35%PFA  40% GGBFS 60%GGBS
Mix Category

70%GGBS

100%OPC




Compressive Strength Development

FINAL WORKS CUBES
COMPRESSIVE STRENGTH DEVELOPMENT
GROUP 3 MIXES

120
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—+=60% GGBFS & 5% SF
—a—"70% GGBFS & 5% SF
=+ 60% GGBFS
—a—"70% GGBFS

60




Compressive Strength & W/B Ratio

Compressive Strength & W/B Ratio Relationship

120

—4— 60% GGBFS (28 Day)
—&— 70% GGBFS (28 Day)
-~ 60% GGBFS (90 Day)
—8—70% GGBFS (90 Day)
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0.38
W/B (Water/Binder) Ratio




Early Age Strength Development
Group 3 Mixes

Early Age Strength Development Relative to 28 Strength Development Relative
Day Strength for Group 3 Mixes to 28 Day Strength for Group 3 Mixes

60% GGBFS & 5% SF
—=—70% GGBFS & 5% SF
=+ 60% GGBFS
-8 70% GGBFS

60% GGBFS & 5% SF
—=—70% GGBFS & 5% SF
——60% GGBFS
= 70% GGBFS
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Percentage of 28 Day Strength




Initial and Final Set
Group 2 and Group 3 Mixes

Initial and Final Setting Times

14 (70% GGBFS)

13 (60% GGBFS)

12 (70% GGBFS & 5% SF)

11 (60% GGBFS & 5% SF)

B Final Set

10 (100% OPC) N
| O Initial Set

9b (70% GGBFS)

8¢ (60% GGBFS)

1 Group 2
7 (35% PFA)

6 (25% PFA)

Minutes




Thermal Properties

! =

Temperature Monitoring
(thermocouples)

m Placing Temperature
® Room Temperature

j 9 m Peak Temperature & Time

-
g # h

|

7, S 9]




Thermal Properties
GGBFS Content & Temperature Reduction

TEMPERATURE AND GGBFS CONTENT RELATIONSHIP
FOR GROUP 2 MIXES

S—
T

—4—Peak Temperature

/ == Time (Hours)
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60% 70% 80%
% GGBFS CONTENT




Thermal Properties
Group 2 and 3 Mixes

PEAK TEMPERATURE AND TIME (Group 2 and 3 Mixes)

O Temperature (Centigrade) ]

| B Time (Hours) GGBFS/SF Mixes
— m

1
PFA Mixes

1
GGBFS Mixes

1
Plain OPC Mixes

Mix6 Mix7 Mix8 Mix9 Mix10 Mix1ll Mix12 Mix13 Mix14 Mix 15 ]
Mix Category 90% GGBFS Mix




RAPID CHLORIDE DIFFUSION TEST RESULTS FOR GROUP 2 &
GROUP 3 MIXES

[ 28 Days
B 90 Days

Group 3 Hiagh

A lllull

Performance
Mixes

Group 2
Mixes

%)
Q
S
o
5
3

:. T - T . T T T _ T - T ‘

6(25%  7(35%  8c(60% 9b (70% 10 (100% 11 (60% 12 (70% 13 (60% 14 (70%
PFA) PFA) GGBFS) GGBFS) OPC) GGBFS& GGBFS& GGBFS) GGBFS)
5% SF) 5% SF)

Mix Category
‘ __ﬂ '~
& V’\}




Durability: Sorptivity

SORPTIVITY TEST RESULTS
FOR GROUP 2 & GROUP 3 MIXES

Group 2 Mixes I 28 Days | |

B 90 Days

Group 3 High
Performance Mixe

bt
o
=
S
£
£
2
=
5
3

&

ol° °
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Mix Category




Experience
CSPC ]Troject_

US$4.3 Billion CSPC Project in Shenzhen (CNOOC, Shell Petroleum Corporation)
> 800,000 Cubic Metres of Concrete (All Slag Concrete)

65% Slag Content

Slag all from Shaoguan Plant

Beijing and Shanghai
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an environmental credit for HK and the
Mainland as a whole.

m Provides alternative to PFA and is more
compatible withgenswable energy
objectives.




Key Benefits .of GGBES

m Very€nsgt Effective: Similar market priceto
PFA per tonne, but twice as much GGBFS is

used.

= Green Perspectwe Slgnlﬁcantly Reduces
Cement (OPC) and CO, V

Properties comparable to PFA1 Thermal
Durability, Strength e

Colour
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m ALL OF THE SLIDES THAT FOLLOW
SHOW ADDITIONAL DATA




Group 1 Mix Trials
W /B Ratio 0.58: Grade 30 Concrete

CEMENT (Kg) AGG (Kg) ADMIX (Lt)

OPC PFA SLAG WRDASS

NO.

1 (25% PFA)

2 (35% PFA)

3 (60% GGBFS)

4 (70% GGBFS)

5 (OPC 100%)

16 (30% GGBFS)

18 (100% GGBFS)

15b (90% GGBFS)




Group 2 Mix Trials
Marine Concrete (0.38 W /B Ratio)

CEMENT (Kg) AGG (Kg) Admix (Lt)

OPC PFA SLAG Super 20

NO. Add

6 (25% PFA) . 0 | 2.25

7 (35% PFA) . 0 | 2.00

8c (60% GGBFS) . 0 | 2.00

9b (70% GGBFS) . .0 | 1.88

10 (100% OPC) . .0 | 3.50

17 (40% GGBFS)

19 (100% GGBFS)

20 (80% GGBFS)

21 (90% GGBFS)




Group 3
High Performance Mixes

CEMENT (Kg) ADMIX (Lt)

OPC | PFA | Slag
Adval09

NO. In Ad

11 (60%
GGBFS
& 5%
SF)

12 (70%
GGBFS
& 5%
SF)

13 (60%
GGBFS)

14 (70%
GGBFS)




Final Works Cubes: Strength

Flow (mm)
No.

1 (25% PFA)

2 (35% PFA)

3 (60% GGBFS)

4 (70% GGBFS)

5 (OPC 100%)

6 (25% PFA)

7 (35% PFA)

8c (60% GGBFS)

9b (70% GGBFS)

10 (100% OPC)

11 (60% GGBFS & 5%
SF)

12 (70% GGBFS & 5%
SF)

13 (60% GGBFS)

14 (70% GGBFS)

15b (90% GGBFS
Grade 30 Concrete)

16 (30% GGBFS)

17 (40% GGBFS)




Durability Performance
Group 2 and Group 3 Mixes

Mean Rapid Chloride Sorptivity

Diffusion (Coulombs) (mm/min0.5)

No. 28d 90d

6 (25% PFA) 1171/1161 Low 659/699 Very Low 0.12/0.12 0.09/0.09

7 (35% PFA) 505/470 Very Low 345/459 Very Low 0.12/0.11 0.10/0.09

8c (60% GGBFS) 898/987 Very Low 851/1027 Very Low 0.13/0.13 0.10/0.12

9b (70% GGBFS) 995/1034 Very Low 797/753 Very Low 0.15/0.16 0.13/0.15

10 (100% OPC) 6035/6023 High 3560/3427 Moderate 0.12/0.12 0.09/0.09

11 (60% GGBFS & 5% SF) 60/56 Negligible 56/51 Negligible 0.03/0.03 0.02/0.02

12 (70% GGBFS & 5% SF) 156/162 Very Low 142/154 Very Low 0.03/0.03 0.03/0.03

13 (60% GGBFS) 650/623 Very Low 543/578 Very Low 0.08/0.07 0.08/0.08

14 (70% GGBFS) 402/406 Very Low 394/445 Very Low 0.07/0.06 0.04/0.07
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Electricity

90% Deforestation
Slash and Burn (Wood Fuel and Rice Plantation).
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Construction Sustainability

Re: Reuse, Recycling, Regeneration, Rehabilitation: Efficiency. E.g 75% can
be reused.

L: Lifespan. 1 year, 10 years, 50 Years, 100 Years.

O: Optimal Balance (Consumption, Risk, Safety, Technology). E.g can we
produce 40MPa concrete with 30% of the standard cement content we use
now. Yes, easily. Solution: time and materials. Do we really need 40 Mpa at 28
days: why not 90 days?

Social Context, Value and Usage. Is a bridge more valuable than a wall or a
school or building or a nuclear power station. Material resources are limited.
We should use them wisely.

Concrete lost technology for 1200 years or so.

Scottish buildings stones taken from old churches etc over the centuries and

re-used.
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	How Does Slag Work?How Does Slag Work?ggNormal Concrete Water Concrete Aggregate Cement PFA C R1 PFA Concrete R1 R2 PFA Concrete Aggregate Cement R1 Gives of Lime CaOH) R2 PFA Slag Concrete Slag Concrete Slag Slag Concrete R1 Aggregate Cement R1 Gives of Lime CaOH) R2 
	GGBFS Trials : Key ObjectivesGGBFS Trials : Key Objectives. 
	GGBFS Trials : Key ObjectivesGGBFS Trials : Key Objectives. 
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	LaboratoryTrialsLaboratory TrialsLaboratoryTrialsLaboratory Trials 3 Main Groups: Group 1: Normal 30MPa Concrete (0.58 W/B Ratio) Group 2: Marine Concrete (0.38 W/B Ratio) Group 3: High Performance Concrete (0.3 and 0.34 W/B Ratio) 
	LaboratoryTrialProcedureLaboratory Trial ProcedureLaboratoryTrialProcedureLaboratory Trial Procedure 
	TRETBoxSamplesTRET Box SamplesTRETBoxSamplesTRET Box Samples ••Temperature MonitoringTemperature Monitoring (thermocouples)(thermocouples) ••Core StrengthCore Strength ••Water AbsorptionWater Absorption ••Chloride DiffusionChloride Diffusion 
	Colour DifferencesColour Differences & Benefits& Benefits 2 4 13 1. 70% Slag/30% OPC 2. 100% OPC 3. 25% PFA/75% OPC 4. 35% PFA/65% OPC 
	Group 1 and Group 2 MixesGroup 1 and Group 2 Mixes 
	GROUP 1 CEMENT W/B ADMIX (Lt) MIX NO. (Kg) WRD A889 W/B ADMIXTURE (Lt) GROUP 2 MIX CEMENT Super 20 NO. (Kg) Init Add Tot (g) 1 (25% PFA) 360 0.58 2.16 2 (35% PFA) 360 0.58 2.16 3 (60% GGBFS) 360 058 216 6 (25% PFA) 450 0.38 4.0 2.25 6.3 7 (35% PFA) 450 0.38 4.0 2.00 6.0 8c (60% GGBFS) 450 038 40 200 60 3 (60% GGBFS) 360 0.58 2.16 4 (70% GGBFS) 360 0.58 2.16 5 (100% OPC) 360 0.58 2.16 8c (60% GGBFS) 450 0.38 4.0 2.00 6.0 9b (70% GGBFS) 450 0.38 4.0 1.88 5.9 10 (100% OPC) 450 0.38 4.0 3.50 7.5 16 (30% GGBFS) 
	Group3MixesGroup 3 Mixes
	GroupGroup 
	GroupGroup 
	33 
	MixesMixes. 

	MIX NO. 
	MIX NO. 
	MIX NO. 
	CEMENT (Kg) 
	WATER (Kg) 
	W/B 
	CEMENT (Kg) 
	ADMIXTURE (Lt) 

	Slump 
	Slump 
	OPCOPC 
	PFAPFA 
	SLAGSLAG 
	SF 
	Adva109 

	Init 
	Init 
	Add 
	Tot 

	11 (60% GGBFS & 5% SF) 
	11 (60% GGBFS & 5% SF) 
	113 (Plus 24 Lt from SF Slurry) 
	0.30 
	288 
	7.00 
	1.38 
	8.4

	480 
	480 
	200 
	168 
	0 
	24 

	12 (70% GGBFS & 5% SF) 
	12 (70% GGBFS & 5% SF) 
	113 (Plus 24 Lt from SF Slurry) 
	0.30 
	336 
	7.00 
	1.00 
	8.0

	480 
	480 
	200 
	120 
	0 
	24 

	13 (60% GGBFS) 
	13 (60% GGBFS) 
	450 
	148 
	0.34 
	200 
	180 
	0 
	270 
	0 
	5.00 
	1.00 
	6.0 

	14 (70% GGBFS) 
	14 (70% GGBFS) 
	148 
	0.34 
	200 
	135 
	0 
	315 
	0 
	5.00 
	0.80 
	5.8

	450 
	450 


	CementCement--Free Concrete?Free Concrete? 100% Slag100% Slag 
	Compressive Strength DevelopmentCompressive Strength Development Group 1 and Group 2 MixesGroup 1 and Group 2 Mixes FINAL WORKS CUBES COMPRESSIVE STRENGTH DEVEOLPMENT FINAL WORKS CUBES COMPRESSIVE STRENGTH DEVELOPMENT GROUP 1 W/B 0.58 MIXES 120 GROUP 2 W/B 0.38 MIXES 120 80 N/mm280 N/mm2 40STRENGTH 25%PFA 40 STRENGTH N 25%PFA 0 35%PFA 60%GGBS 70%GGBS 100%OPC 35%PFA 60%GGBS 70%GGBS 100%OPC 0 0 30 60 90 120 DAYS 0 0 30 60 90 120 DAYS 
	RelativeStrengthDevelopmentRelative Strength DevelopmentRelativeStengthevelopentRelative St ength evelop ent Group 1 & 2 Mixes for 28 DaysGroup 1 & 2 Mixes for 28 Days Strength Development Relative to 28 Day Strength Strength Development Relative to 28 Day Strength Strength Development Relative to 28 Day Strength Group 1 Mixes 120 Strength Development Relative to 28 Day Strength Group 2 Mixes 120 80 100 y Strength 80 100 ay Strength 40 60 ntage of 28 Day 25%PFA 35%PFA 30% GGBFS 40 60 entage of 28 Da 25%PFA 
	Early Age Strength DevelopmentEarly Age Strength Development Group 1 & 2 MixesGroup 1 & 2 Mixes Early Age Strength Development: Group 1 Mixes Early Age Strength Development: Group 2 MixesEarly Age Strength Development: Group 1 Mixes 40 45 1 Day 3 Days Early Age Strength Development: Group 2 Mixes 80 90 1 Day 25 30 35 tre ngth M P a7 Days 50 60 70 tre n g th M P a 3 Days 7 Days 10 15 20 om pr e s s iv e S20 30 40 Com p r e ss i v e S t 0 5 10 25%PFA 35%PFA 30% GGBFS 60%GGBS 70%GGBS 100%OPC C 0 10 20 25%PFA 3
	Compressive Strength DevelopmentCompressive Strength Development FINAL WORKS CUBES COMPRESSIVE STRENGTH DEVELOPMENT GROUP 3 MIXES 120 80 TH N/mm2 40 STRENGT 60% GGBFS & 5% SF60% GGBFS & 5% SF 70% GGBFS & 5% SF 60% GGBFS 70% GGBFS 0 0 30 60 90 120 DAYS 
	CompressiveStrength&W/BRatioCompressive Strength & W/B RatioCompressiveStrength&W/BRatioCompressive Strength & W/B Ratio Compressive Strength & W/B Ratio Relationship 120 100 60 80 ve Strength MPa 40Compressiv 60% GGBFS (28 Day) 70% GGBFS (28 Day) 0 20 60% GGBFS (90 Day) 70% GGBFS (90 Day) 0.58 0.38 0.34 W/B (Water/Binder) Ratio 
	Early Age Strength DevelopmentEarly Age Strength Development Group 3 MixesGroup 3 Mixes Strength Development RelativeEarly Age Strength Development Relative to 28 Strength Development Relative to 28 Day Strength for Group 3 Mixes 120 Early Age Strength Development Relative to 28 Day Strength for Group 3 Mixes 80 90 80 100 y Strength 60 70 80 ay Strength 40 60 rcentage of 28 Day 60% GGBFS & 5% SF 70% GGBFS & 5% SF 60% GGBFS 30 40 50 centage of 28 Da 60% GGBFS & 5% SF 0 20 Per60% GGBFS 70% GGBFS 0 10 20Perc 7
	Initial and Final SetInitial and Final Set Group 2 and Group 3 MixesGroup 2 and Group 3 Mixes Initial and Final Setting Times 13 (60% GGBFS) 14 (70% GGBFS) Group 3 10 (100% OPC) 11 (60% GGBFS & 5% SF) 12 (70% GGBFS & 5% SF) Final Set 8c (60% GGBFS) 9b (70% GGBFS) 10 (100% OPC) Initial Set Group 2 0 100 200 300 400 500 600 700 6 (25% PFA) 7 (35% PFA) p 0 100 200 300 400 500 600 700 Minutes 
	Thermal PropertiesThermal Properties ••Temperature MonitoringTemperature Monitoring (thermocouples)(thermocouples)(thermocouples)(thermocouples) ••Placing TemperaturePlacing Temperature ••Room TemperatureRoom Temperature ••Peak Temperature & TimePeak Temperature & Time 
	Thermal PropertiesThermal Properties GGBFS Content & Temperature ReductionGGBFS Content & Temperature Reduction TEMPERATURE AND GGBFS CONTENT RELATIONSHIP FOR GROUP 2 MIXESFOR GROUP 2 MIXES 70 80 50 60 70 e and Time 30 40 Temperature Peak Temperature Ti (H ) 0 10 20 Peak TTime (Hours) 0 0% 40% 60% 70% 80% 90% % GGBFS CONTENT 
	Thermal PropertiesThermal Properties Group 2 and 3 MixesGroup 2 and 3 Mixes PEAK TEMPERATURE AND TIME (Group 2 and 3 Mixes) 70 80 Temperature (Centigrade) 50 60 70 Time (Hours) GGBFS/SF Mixes PFA Mixes 20 30 40 PFA Mixes GGBFS Mixes 0 10 Mix 6 Mix 7 Mix 8 Mix 9 Mix 10 Mix 11 Mix 12 Mix 13 Mix 14 Mix 15 Plain OPC Mixes Mix Category 90% GGBFS Mix 
	Coulombs 
	Durability:Durability: 
	Durability:Durability: 
	CC
	hloridehloride 
	DiffusionDiffusion.

	P
	Durability:Durability:
	ChlorideChloride
	DiffusionDiffusion. 

	RAPID CHLORIDE DIFFUSION TEST RESULTS FOR GROUP 2 & GROUP 3 MIXES 
	RAPID CHLORIDE DIFFUSION TEST RESULTS FOR GROUP 2 & GROUP 3 MIXES 
	7000
	7000. 28 Days. 6000. 
	90 Days. 5000 pg.

	Group 3 High
	Group 3 High
	Group 2

	Group2 
	Group2 
	Performance
	Mixes
	4000 

	Mixes 
	Mixes 
	3000 
	2000 
	1000 
	0 6 (25% 7 (35% 8c (60% 9b (70% 10 (100% 11 (60% 12 (70% 13 (60% 14 (70% PFA) PFA) GGBFS) GGBFS) OPC) GGBFS & GGBFS & GGBFS) GGBFS) 5% SF) 5% SF) Mix Category 
	Durability:SorptivityDurability: Sorptivity SORPTIVITY TEST RESULTS FOR GROUP 2 & GROUP 3 MIXES Durability:SorptivityDurability: Sorptivity FOR GROUP 2 & GROUP 3 MIXES 014 0.16 0.18 28 Days 90 Days Group 2 Mixes 008 0.1 0.12 0.14 ty (mm/min0.5 Group 3 High Performance Mixes 0.02 0.04 0.06 0.08 Soprtivit 0 6 (25%PFA) 7(35%PFA) 8c(60% GGBFS) 9b(70% GGBFS) 10(100%OPC) %GGBFS& 5% SF) %GGBFS&5%SF) 13(60%GGBFS) 14(70% GGBFS) 8 9b 11(60%G 12(70%G 1 1 Mix Category 
	ExperienceExperience CSPC ProjectCSPC Project ••US$43BilliCSPCPjtiShh(CNOOCShllPtlCti)US$4 3 Billi CSPC P j t i Sh h (CNOOC Sh ll P t l C ti )••US$4.3Billion CSPCProjectin Shenzhen (CNOOC, ShellPetroleum Corporation)US$4.3 Billion CSPC Project in Shenzhen (CNOOC, Shell Petroleum Corporation) ••> 800,000 Cubic Metres of Concrete (All Slag Concrete)> 800,000 Cubic Metres of Concrete (All Slag Concrete) ••65% Slag Content65% Slag Content ••Slag all from Shaoguan PlantSlag all from Shaoguan Plant ••Beijing and 
	EnvironmentalEnvironmental 
	EnvironmentalEnvironmental 
	CreditCredit.
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	Greatly Reduced Cement Content.Greatly Reduced Cement Content. 
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	In 2005 China Cement trade released 0.867In 2005 China Cement trade released 0.867 
	billion Tonnes of CObillion Tonnes of CO
	2.2. 
	This accounted forThis accounted for 
	22.8% of total CO22.8% of total CO
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	••ALLOFTHESLIDESTHATFOLLOWALL OF THE SLIDES THAT FOLLOW••ALLOFTHESLIDESTHATFOLLOWALL OF THE SLIDES THAT FOLLOW SHOW ADDITIONAL DATASHOW ADDITIONAL DATA 
	Group 1 Mix TrialsGroup 1 Mix Trials 
	WW
	WW
	/B Ratio 0.58:/B Ratio 0.58: 
	Grade 30 ConcreteGrade 30 Concrete. 

	WAT W/B CEMENT (Kg) AGG (Kg) ADMIX (Lt) MIX CEM (Kg) Slump OPC PFA SLAG SF WRDA88 NO. (Kg) 20 10 CRF 1 (25% PFA) 360 207 0.58 100 270 90 0 0 690 295 780 2.16 2 (35% PFA) 360 207 0.58 100 234 126 0 0 690 295 780 2.16 3 (60% GGBFS) 360 207 0.58 100 144 0 216 0 690 295 780 2.16 4 (70% GGBFS) 360 207 0.58 100 108 0 252 0 690 295 780 2.16 5 (OPC 100%) 360 207 0.58 100 360 0 0 0 690 295 780 2.16 16 (30% GGBFS) 360 209 0.58 100 252 0 108 0 690 295 780 2.16 18 (100% GGBFS) 360 207 0.58 100 0 0 360 0 690 295 780 2.1
	Figure
	Group 2 Mix TrialsGroup 2 Mix Trials MarineConcrete(038W/BRatio)Marine Concrete (0 38 W/B Ratio)MarineConcrete(0.38W/BRatio)Marine Concrete (0.38 W/B Ratio) 
	MIX NO. 
	MIX NO. 
	MIX NO. 
	CEM 
	WAT (Kg) 
	W/B 
	CEMENT (Kg) 
	AGG (Kg) 
	Admix (Lt) 

	Slump 
	Slump 
	OPC 
	PFA 
	SLAG 
	SF 
	Super 20 

	(Kg) 
	(Kg) 
	20 
	10 
	CRF 
	Init 
	Add 
	Tot 

	6 (25% PFA) 
	6 (25% PFA) 
	450 
	167 
	0.38 
	175 
	338 
	112 
	0 
	0 
	640 
	290 
	800 
	4.0 
	2.25 
	6.3 

	7 (35% PFA) 
	7 (35% PFA) 
	450 
	167 
	0.38 
	175 
	293 
	157 
	0 
	0 
	640 
	290 
	800 
	4.0 
	2.00 
	6.0 

	8c (60% GGBFS) 
	8c (60% GGBFS) 
	450 
	167 
	0.38 
	175 
	180 
	0 
	270 
	0 
	640 
	290 
	800 
	4.0 
	2.00 
	6.0 

	9b (70% GGBFS) 
	9b (70% GGBFS) 
	450 
	167 
	0.38 
	175 
	135 
	0 
	315 
	0 
	640 
	290 
	800 
	4.0 
	1.88 
	5.9 

	10 (100% OPC)10 (100% OPC) 
	10 (100% OPC)10 (100% OPC) 
	450 
	167167 
	0380.38 
	175 
	450 
	0 
	00 
	0 
	640 
	290 
	800 
	404.0 
	3503.50 
	757.5

	450 
	450 
	175 
	450 
	0 
	0 
	640 
	290 
	800 

	17 (40% GGBFS) 
	17 (40% GGBFS) 
	450 
	167 
	0.38 
	175 
	270 
	0 
	180 
	0 
	640 
	290 
	800 
	4.0 
	2.00 
	6.0 

	19 (100% GGBFS)19 (100% GGBFS) 
	19 (100% GGBFS)19 (100% GGBFS) 
	450450 
	167167 
	0380.38 
	175175 
	00 
	00 
	450450 
	00 
	640640 
	290290 
	800800 
	404.0 
	3503.50 
	757.5 

	20 (80% GGBFS) 
	20 (80% GGBFS) 
	450 
	167 
	0.38 
	175 
	90 
	0 
	360 
	0 
	640 
	290 
	800 
	4.0 
	1.60 
	5.6 

	21 (90% GGBFS) 
	21 (90% GGBFS) 
	450 
	167 
	0.38 
	175 
	45 
	0 
	405 
	0 
	640 
	290 
	800 
	4.0 
	1.40 
	5.4 


	Group 3Group 3 
	High Performance MixesHigh Performance Mixes. 
	High Performance MixesHigh Performance Mixes. 

	MIX NO. 
	MIX NO. 
	MIX NO. 
	CEM 
	WAT (Kg) 
	W/B 
	CEMENT (Kg) 
	AGG (Kg) 
	ADMIX (Lt) 

	TR
	Slag 
	Adva109

	Slump 
	Slump 
	OPC 
	PFA 
	SF 

	(Kg) 
	(Kg) 
	20 
	10 
	CRF 
	In 
	Ad 
	T 

	11 (60%( GGBFS & 5% SF) 
	11 (60%( GGBFS & 5% SF) 
	113 
	0.30 
	0 
	288 
	24 
	7 
	1.4 
	8.4

	480 
	480 
	200 
	168 
	600 
	290 
	850 

	12 (70% GGBFS & 5% SF) 
	12 (70% GGBFS & 5% SF) 
	113 
	0.30 
	0 
	336 
	24 
	600 
	290 
	850 
	7 
	1.0 
	8.0

	480 
	480 
	200 
	120 

	13 (60% GGBFS) 
	13 (60% GGBFS) 
	450 
	148 
	0.34 
	200 
	180 
	0 
	270 
	0 
	620 
	295 
	845 
	5 
	1.0 
	6.0 

	14 (70% GGBFS) 
	14 (70% GGBFS) 
	450 
	148 
	0.34 
	200 
	135 
	0 
	315 
	0 
	620 
	295 
	845 
	5 
	0.8 
	5.8 


	Final Works Cubes: StrengthFinal Works Cubes: Strength 
	MixMix No. 
	MixMix No. 
	MixMix No. 
	SlumpSlump (mm) 
	Flow (mm) 
	Mean Cube Compressive strength (N/mm2)Mean Cube Compressive strength (N/mm2) 

	1d 
	1d 
	3d 
	7d 
	14d 
	28d 
	90d 

	1 (25% PFA) 
	1 (25% PFA) 
	110 
	-
	-
	8.5 
	22.5 
	31.0 
	39.5 
	48.0 
	60.5 

	2 (35% PFA) 
	2 (35% PFA) 
	110 
	-
	-
	6.5 
	18.0 
	25.5 
	33.0 
	44.0 
	57.0 

	3 (60% GGBFS) 
	3 (60% GGBFS) 
	95 
	-
	-
	4.0 
	14.5 
	33.5 
	45.0 
	53.0 
	64.0 

	4 (70% GGBFS) 
	4 (70% GGBFS) 
	95 
	-
	-
	3.0 
	14.0 
	32.5 
	45.0 
	54.0 
	63.0 

	5 (OPC 100%) 
	5 (OPC 100%) 
	95 
	-
	-
	11.5 
	29.5 
	42.0 
	48.0 
	53.5 
	56.0 

	6 (25% PFA) 
	6 (25% PFA) 
	160 
	470 
	480 
	20.0 
	49.0 
	62.5 
	73.5 
	84.5 
	99.0 

	7 (35% PFA) 
	7 (35% PFA) 
	150 
	450 
	450 
	15.5 
	41.0 
	55.0 
	66.0 
	77.0 
	92.5 

	8c (60% GGBFS) 
	8c (60% GGBFS) 
	165 
	480 
	490 
	11.0 
	38.0 
	60.5 
	74.5 
	84.5 
	88.0 

	9b (70% GGBFS) 
	9b (70% GGBFS) 
	210 
	570 
	575 
	9.5 
	39.0 
	56.0 
	66.5 
	78.0 
	83.0 

	10 (100% OPC)10 (100% OPC) 
	10 (100% OPC)10 (100% OPC) 
	180180 
	550550 
	570570 
	30 530.5 
	67 067.0 
	77 077.0 
	83 583.5 
	91 091.0 
	98 098.0 

	11 (60% GGBFS & 5% SF) 
	11 (60% GGBFS & 5% SF) 
	195 
	460 
	445 
	16.0 
	50.5 
	75.0 
	87.5 
	97.0 
	106.5 

	12 (70% GGBFS & 5% SF) 
	12 (70% GGBFS & 5% SF) 
	210 
	500 
	490 
	13.0 
	42.0 
	68.5 
	83.5 
	92.5 
	103.5 

	13 (60% GGBFS) 
	13 (60% GGBFS) 
	205 
	510 
	520 
	15.0 
	47.0 
	67.0 
	81.5 
	90.0 
	102.5 

	14 (70% GGBFS) 
	14 (70% GGBFS) 
	210 
	500 
	530 
	11.5 
	41.0 
	61.5 
	74.5 
	86.5 
	94.0 

	15b (90% GGBFS15b (90% GGBFS Grade 30 Concrete) 
	15b (90% GGBFS15b (90% GGBFS Grade 30 Concrete) 
	110 
	-
	-
	151.5 
	10 010.0 
	23 523.5 
	31 031.0 
	37 037.0 
	43 543.5 

	16 (30% GGBFS) 
	16 (30% GGBFS) 
	100 
	-
	-
	8.0 
	22.0 
	35.5 
	47.5 
	55.0 
	59.5 

	17 (40% GGBFS) 
	17 (40% GGBFS) 
	190 
	510 
	520 
	16.0 
	42.5 
	63.5 
	78.0 
	86.5 
	92.0 


	Durability PerformanceDurability Performance 
	Group 2 and Group 3 MixesGroup 2 and Group 3 Mixes. 
	Group 2 and Group 3 MixesGroup 2 and Group 3 Mixes. 

	Mix No. 
	Mix No. 
	Mix No. 
	Mean Rapid Chloride Diffusion (Coulombs) 
	Sorptivity (mm/min0.5) 

	28d 
	28d 
	90d 
	28d 
	90d 

	6 (25% PFA) 
	6 (25% PFA) 
	1171/1161 
	Low 
	659/699 
	Very Low 
	0.12/0.12 
	0.09/0.09 

	7 (35% PFA) 
	7 (35% PFA) 
	505/470 
	Very Low 
	345/459 
	Very Low 
	0.12/0.11 
	0.10/0.09 

	8c (60% GGBFS)8c (60% GGBFS) 
	8c (60% GGBFS)8c (60% GGBFS) 
	898/987898/987 
	Very LowVery Low 
	851/1027851/1027 
	Very LowVery Low 
	013/0 130.13/0.13 
	010/0 120.10/0.12 

	9b (70% GGBFS) 
	9b (70% GGBFS) 
	995/1034 
	Very Low 
	797/753 
	Very Low 
	0.15/0.16 
	0.13/0.15 

	10 (100% OPC) 
	10 (100% OPC) 
	6035/6023 
	High 
	3560/3427 
	Moderate 
	0.12/0.12 
	0.09/0.09 

	11 (60% GGBFS & 5% SF) 
	11 (60% GGBFS & 5% SF) 
	60/56 
	Negligible 
	56/51 
	Negligible 
	0.03/0.03 
	0.02/0.02 

	12 (70% GGBFS & 5% SF) 13 (60% GGBFS) 
	12 (70% GGBFS & 5% SF) 13 (60% GGBFS) 
	156/162 650/623 
	Very Low Very Low 
	142/154 543/578 
	Very Low Very Low 
	0.03/0.03 0.08/0.07 
	0.03/0.03 0.08/0.08 

	14 (70% GGBFS) 
	14 (70% GGBFS) 
	402/406 
	Very Low 
	394/445 
	Very Low 
	0.07/0.06 
	0.04/0.07 


	MadagascarMadagascarMadagascarMadagascar 
	Power Station: Francoise thePower Station: Francoise the .
	Power Station: Francoise thePower Station: Francoise the .
	GladiatoGladiato
	rr. 

	Mobile Crushers: Lalatiana, Ruth and.
	Mobile Crushers: Lalatiana, Ruth and.
	Mobile Crushers: Lalatiana, Ruth and .
	RijaRija. 

	and.
	and.
	Dredge Units: MadameDredge Units: Madame 
	RasoazananyRasoazanany 

	and 
	ClCl 
	ClCl 
	dd.


	ClCl
	ClCl
	ClCl
	auau
	dd
	ee. 

	Rice & Wood = Petrol &Rice & Wood = Petrol & .
	Rice & Wood = Petrol &Rice & Wood = Petrol & .
	ElectricityElectricity. 

	90% Deforestation. Slash and Burn (()Wood Fuel and Rice Plantation).. 
	&Saprolite for.& Saprolitefor 
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