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Building Material Category

| Series 1

Concrete
300

Bricks
450

Cement

Steel

1,000 5,900 18,000

Plastics  Aluminium

52,000
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PRIMARY ENERGY vs. COMPRESSIVE STRENGTH

Compressive Primary Ener
Material > E-Module B ) 2
Strength Consumption
N/mm? N/mm? kWh/to
Brick Work 5 5,000 450
Concrete 50 30,000 300
Aluminum 450 70,000 52,000
Steel 500 210,000 5,900
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CO, embodied in traditional concrete

M ial
ateria kg per m? of % e 70 @ kg of CO, kg of CO,
emitted per emitted per
concrete concrete
ton produced m3 of concrete

Cement 320 13.34 930 297.6
Coarse 1,100 45.72 2.8 3.08
aggregate

Fine aggregate 800 33.33 34 2.72
Admixture 5 0.12 150 0.76
Water 180 7.49 0 4
TOTAL 2,402.5 100 NA >308
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CO, Emissions in
Concrete Life-cycle

Carbon Dioxide Emissions
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Crushed Glass

Recycled Concrete
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Electric Arc Furnace Slag
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Rice Husk Ash
Scrapped Tyre Rubber

Micro Silica (Silica Fume)

Ground Granulated Blast Furnace
Slag
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C fly ash results in higher

y = 1437.1Ln(x) + 2419
R’ = 0.9887

y = 1400.5Ln(x) + 1624
R?=0.9795

Compressive Strength (psi)

®TDOT ClassA #HVFA

80 100 120 140
Time (days)

2010 International Concrete Sustainability Conference, Dubai, UAE 8



*20% of ce

-',. 20%

I (N NN ] iu v ow el L
T T

10 100
Curing time (days)

—— Reference concrete  —&— | 5% RHA concrete

—&o— 0% RHA concrete —0— 20% RHA concrete

Evolution

2010 International Concrete Sustainability Conference, Dubai, UAE 9



Silica (Silica Fume)

* byproduct from . rnaces producing alloys
* high

—— (Wic=0.26)
e (W/c=0.30)
(wic=0.34)
(Wic=0.38)
(wic=0.42)

Compressive Strength (MPa)
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Mixture
Proportions

Control Partial cement replacement of
CTL 10% RHA 15% RHA 20%RHA

10% SF

cement

ke/m’

354 321 303

320

silica fume
rice husk ash

- : 53

fine sand

152

coarse sand
coarse agg. 5/15
coarse agg.15/25
superplasticizer

kg/m’
kg/n v
%/B

745
439
572

1.2%

water (w)

3
l/'m

152

water/binder

w/B

0.43

20

Strength-Mpa (80 days)

d1H

Control 10%SF  10%RHA 15%RHA 20%RHA

2010 International Concrete Sustainability Conference, Dubai, UAE

11



'/, ,-"/ / /

- — — l‘
ST —pld

Replacement Levels
Fly Ash)

— SR ISE ! ST I
Concrete Applica?i n Cement

Concrete Paving 25-50%
Exterior Flatwork not exposed to deicer salts 25-50%
Exterior Flatwork ekposed to deicer salts with w/cm < 0.45 25-50%

Interior Flatwork 25-50%
Basement floors 25 -50%

Footings 30 - 65% [
Walls & Columns 25 - 50% [
Tilt-up panels 25 -50%
Pre-stressed Concrete 20-50%

|Pre-cast Concrete 20-50% |

Concrete blocks | 20-50%

|Concrete pavers 20-50%
|-l|igH Strengﬂ ’ 25 -50%

ASR mitigation 25-70%
iulféte/resis‘t& nce /
Type Il equivalance 25-50%

TypeV equivalance 50 - 65%

Lower permeability 25-65%

ass concrete 50 -80%
2010 International Concrete Sustainability Conference, Dubai, UAE 12




Aggregate substitutes

Woodwaste
‘produced by
facturer

Mainly used in
halt concrete
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Aggregate substitutes

structure allows for additional CO, absorption
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Aggregate substitutes

necycled and Crushed Concrete

a Steroth develonment

&0~ % CoarceRCA

750
I 100

Design strength = 35 NVmny (Mix F)

200 300

i /
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= crushing concret
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Coarse Aggregate Replacement H_*,, ‘-:-rn
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C-GFS C EAFS25 C-EAFS50 C-EAES100
Type of concrete
Ratio Hardened Properties/ Cﬂnvmﬂ onal Concreteasby (Etxeberria, et al.,
2010)
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Compressive Strength (MPa)
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Courtesy of: Mobil-Baustoffe

Concrete without Cooling

= short time workability due to a
faster setting process

= extreme high concrete
temperatures caused by heat of
hydration at the setting process

= uncontrollable cracking

= high costs for intensive curing

= extension of construction periods

due to a production stop caused by
high temperatures
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Courtesy of: Mobil-Baustoffe

Flake-Ice Cooling

At high temperatures further
activities are needed; such as
shading the aggregates or the
production of concrete during the
cooler night time period

Lower production capacity due to a
limited ice production and a long
mixing process.

2010 International Concrete Sustainability Conference, Dubai, UAE

22



SAMPLE MIX (8% moisture

sCement 400kg =Cement 400kgw

'w/c ratio < 0.40

*humidity in sand 8%

"maximum water content'
160l

=concrete temperatur
without cooling= 47°C

=cooling 1°C = 7.5kg of
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SAMPLE MIX (8% moisture
content in fine aggregates)

e Maximum pOSSIble .

102 litres

* Fresh concrete
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Courtesy of: Mobil-Baustoffe

Coarse Aggregate Cooling

= More time to place and finish
concrete works on site

= Significant energy savings

= Reduced dust emissions

= Reduced admixture usage

= Cement savings (low w/c ratio)

= Achieving concrete temperatures
as low as 25 Degree Celsius.

= Reduces the risk of rejected
concrete due to temperatures out
of specification

= Transportation
distances possible

over longer

2010 International Concrete Sustainability Conference, Dubai, UAE

25



CASE STORY
Gotthard Tunnel North- Lot Amsteg and Erstfeld

= Client: Arbeitsgemeinschaft Amsteg,
Switzerland

= Quantity: 1,000,000m3
= Duration: 70 months

= Maximum
Capacity: 2x240m3/h
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Cool water pipes

Rock-water pipes
and pumps

Ventilation shafts B¥d
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Courtesy of: Mobil-Baustoffe

Aggregate & Cement Cooling

= Cement cooled down by 10 °C results
in a reduction of the overall concrete
temperature of 1 °C
= Methods:
* Air

* Nitrogen or carbon dioxide
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TEMPERATURE DEVELOPMENT- COOLING METHODS

90

80

70

60

50

@ Without cooling
* Flake-ice cooling

40

+ Aggregates cooling

B Aggregates & cement cooling
30

20

10

Temperature in Degree Celsius

Fresh Concrete Temperature ﬁ"’"‘f“—--—--r——,_...,,_______ﬁ__“ _.._./

Site Concrete Temperature

Cooling Method
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Cooling Method Comparison: 1500 m3 of Concrete in 24h
(as per mix and air temperatures from previous sample with 8% moisture

content in fine aggregates)

up to 316 kW per unit 135 kW per unit 350kW per unit

407 kW/h* 270 kW/h* 350 kW/h

9‘|ce plant mix

;?f’/#$nﬁ" A
! 1’( I'.l'kf ff
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Cooling Method Comparison: 1500 m3 of Concrete in 24h
(as per mix and air temperatures from previous sample 2% moisture content in

fine aggregates)

up to 316 kW per unit 135 kW per unit 350kW per unit

632 kW/h* 405 kW/h* 350 kW/h

f l

& U;Sagg of tlfne bestt ;ase scenqr‘c) |ce plant m,ix i '”l'

|7 d(“(,/# Hﬁ
I'.l'kf
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by-product in the process of coal
combustion (replacement level: up to
40%)

produced from blast furnaces used to
make iron (replacement level: up to

80%)
B B >l

by-product in the process of smelting
iron in an electric arc furnace
(replacement level: up to 100%)
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=

OPC + GGBS

OPC + GGBS
+ EAFS
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=

OPC + GGBS 6 2f9@g4m
b
OPC + GGBS 499% co2-
+ EAFS ° 222,1kg/m?

| Average Reduction of CO2 Emissions for Standard Mixes:

gg
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_ Reduction of entire CO, emission:
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20%

10%

Green Concrete Mix compared to common OPC Mix
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CO2 Emissions per m3

500.0

400.0—

GGBS+EAFS

1 N I |
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2010 International Concrete Sustainability Conference, Dubai, UAE



Cost per m3

400

Cost in QAR
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100—

o

Traditional Mix Green Mix (GGBS)
Mixes

GGBS+EAFS

Green Mix (GGBS +EAFS)

I Fuel
B Material
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pm10 Emissions per m3

:‘j

.— B batch plant
.h W quarry
B fuel combustion

Traditional Mix Green Mix (GGBS) Green Mix (GGBS +EAFS)
Mixes
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CASE STORY
Ras Laffan Port Expansion Project, Doha Qatar

= Client: Jan De Nul Dredging Ltd.
Boskalis Westminster Middle East Ltd

" Quantity: 330.000m3
= Duration: 24 months

= Maximum
Capacity: 150m3/h
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