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The caption shows a Typical Construction Landfill Site in the GCC
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Total Municipal and 2,900 1, 228
C&D Waste
(million ton/year)

C&D Waste
(million ton/year)

% C&D /Total 25% 25% 35%

Population
(Millions in 2010)

In the USA alone 2.0 billion tons of fresh aggregate are produced everyyear and
it will increase to 2.5 billion tons by 2020 (Fisher and Werge 2009).
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EU-28 Target is to Recycle 70% of
OConcrete C&D Waste by 2020

LAsphalt
UBricks
O Tiles

Japan using 3R philosophy (reduce,

LCeramic Reuse, Recycle), is targeting 0%
Q Gypsum Waste Society by 2020
0Ozone Depleting Substances

LDangerous substances such as Asbes

Country Netherlands Flanders Denmark Estonia Finland R:;?.lﬂ;ic Ireland Spain  Germany

Year 2001 2000 2003 2006 2006 2006 19%6 2005 2007

Concrete
-

—
Masonry
Other mineral
waste

Total mineral
waste

Asphalt
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When demolished concrete is crushed, a certain amount of mortar and
cement paste from the original concrete remains attached to stone
particles in recycled aggregate. This attached mortar and the increased
water to rectify the slump are the main reasons for the lower quality of
Recycled Aggregate ( ) compared to Natural Aggregate (). The RA
compared to the NA has the following properties:

Increased water absorption

decreased bulk density

decreased specific gravity

Increased abrasion loss

Increased crushability

increased quantity of dust particles

possible content of chemically harmful substances

>
>
>
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Relative value, %

The inconsistent flexural and
bond strength variations
caused by cement paste!

(Data shown from Mirjana Maelesv etal., J. Sustainability, volume 2, 1204-1225,
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m The recycled aggregate was obtained from a demolition
construction waste at Emirates Recycling Pty Ltd in Dubai.
“Emirates Recycling” is an $18 million joint venture
between Al Rostamani Group and the Italian General Work
infrastructure development company. The average
measured density was 2.51 t/m3 and water absorption of
the recycled aggregate was 5.2%. The received aggregates
were sieved and the 10 and 20 mm sizes were separated
and used in the mix.

The Recycled Waste Water was obtained from the MBR
process from a newly constructed wastewater treatment
plant attached to a construction labor camp in“Alquz
suburb in Dubai.
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% Recycle RW RW+RA Type
Beams Beams
RW-P0% RW/RA-P0% Plain
0% RW-B0% RW/RA-B0% Bottom Steel
RW-T0% RW/RA-T0% Top Steel
RW-TB0% RW/RA-TB0% | Top+Bottom Steel
& 8 8 N 2 B B B B B _ B B &8 B |
RW-P25% RW/RA-P25% Plain
259 RW-B25% RW/RA-B25% Bottom Steel
0
RW-T25% RW/RA-T25% Top Steel
RW-TB25% | RW/RA-TB25% | Top+Bottom Steel
a8 0 8 & 5 2 80 B _ B B 42 B 4B |
RW-P50% RW/RA-P50% Plain
50% RW-B50% RW/RA-B50% Bottom Steel
(]
RW-T50% RW/RA-T50% Top Steel
RW-TB50% RW/RA-TB50% | Top+Bottom Steel
a8 8 N 2 B B B B B _ 8 2 &8 B |
RW-P75% RW/RA-P75% Plain
IT RW-B75% RW/RA-B75% Bottom Steel
0
RW-T75% RW/RA-T75% Top Steel
RW-TB75% | RW/RA-TB75% | Top+Bottom Steel
| __ 8 8 B B | I I N
RW-P100% RW/RA-P100% Plain
100% RW-B100% | RW/RA-B100% Bottom Steel
(]
RW-T100% RW/RA-T100% Top Steel
RW-TB100% | RW/RA-TB100% | Top+Bottom Steel
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The test program involves the preparation of moderate
strength concrete out of recycled water and
recycled aggregate. A total of standard cubes
150x150x150 mm and standard cylinders 150 mm
diameter and 300 mm long were prepared to BS 1881-
116 and beams 600x150x150 mm to BS 1881-118.

The control mix had 370 kg OPC, 159 kg of DEWA
water, 559 kg of 20mm crushed RAK Rock, 365 kg of
10mm crushed RAK Rock, 699 kg of 5mm crushed RAK
Rock and 238 kg dune sand. For the aggregate, only
the 10 mm and 20 mm were replaced (The 0-5 mm size
was not recycled) by recycled material after it was

sieved.

11



Lol il gLl
HIGHER COLLEGES OF TECHNOLOGY

Material Cleaned
and Crushed

Input Material
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Operation & Maintenance by Hi Star Water Solutions
HSWS O&M Team for STP
- Engineer, Supervisor : 6
- Operator : 36
- Tanker Driver : 6

.nr Factory

_i' N fa [For District Cooling Plant
L | RO System T 5 15
b b Polished = dlu"__ | -’-’
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MBR System Image
|

The membrane is immersed in
Solids in raw water are activated sludge in the aeration
removed by an automatic tank. Microorganisms in the

e e Tl activated sludge digest and
membrane life. remove organic material .
The blower pumps air to clean the
' membrane and feed the
Membrane unit LTh bioreaction process. Blowers are

covered by an acousfic enclosure
o minimize noise

Activated sludge is filtered using
a flat sheet membrane and the
extracted treated sewage
effluent is pumped to tanks prior
to disposal. The membrane is
produced in Japan by Hitachi
using patented manufacturing
techniques.

Adosing chemical (Sodium hypochlorite) is used for
membrane cleaning. Dosing frequency is approx

once per 2 to 3 months, depending on the condition

of the raw water and the throughput volume. )

eSOgé&feature=related
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BENEFIT: High-quality treated water: MBR

Item

Treated water: Comparison

Conventional
{ OD system )

(ma/L)

(mg/L)

(ma/L)

38

(mg/L)

7.8

(ma/L)

250

Coliform

( CFU/mL)

3.7x105

Escherichia
Coli phage
(Virus)

{ PFU/100mL )

3.6x105 2.7%102

For effective filtration,
Membrane’s pore size is 0.1um,
the pathogens, coliforms and
helminth egg can be removed.
Treated water can be recycled
for landscape water irrigation,
etc. High performance for
separation

Above mentioned Figures are Sample Figures for your reference
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AL SUWAIDI SYSTEM Labor Camp - AL QUOZ, Dubai t

r i |
MBR Unit : 500m3/day x 3 units

- ]."'"f‘r
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= }=Cubes-RW

% Strength

== Cubes-RWRA

% Recyle material
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Percentage %

5.0 /<>
0.0

-5.0
-10.0
-15.0
-20.0

0% 25% 50% 5% 100%

——RW 0.0 25.0 10.0 -15.0 5.0

—#—RW-RA 0.0 5.0 5.0 -5.0 -5.0

Figure 5 Effect of % recycled material on plain beam bending
strength
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Top Reinforcement

-15.0
-20.0
-25.0

-30.0

Percentage %

-35.0

-40.0

0%

25%

50%

75%

100%

——RW

0.0

-26.8

-24.4

-17.1

-29.3

—#—RW-RA

0.0

-14.6

-36.6

-12.2

-26.8

Figure 6 Effect of % recycled material on beam bending strength with
top reinforcement
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Bottom reinforcement
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0% 25% 50% 75% 100%
—A—RW 0.0 22.8 14.0 29.8 0.0
—#-RW-RA 0.0 22.8 36.8 31.6 -10.5

Figure 7 Effect of % recycled material on beam strength with bottom
reinforcement
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0.0

-5.0 -
-10.0 -
-15.0 -
-20.0 A

+
250 | Top + Bottom

Percentage %

-30.0

0% 25% 50% 75% 100%
—A—RW 0.0 -13.8 -25.3 -13.8 -16.1
—&—RW-RA 0.0 -13.8 -2.3 -25.3 -17.2

Figure 8 Effect of % recycled material on beam strength with bottom
reinforcement
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Rapid Chloride Penetration Test to ASTM C1202
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Figure 9 Effect of % recycled material on durability by using RCP test
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Figure 10 Effect of % recycled material on durability by using WP test
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Figure 11 Effect of % recycled material on durability by using WA test
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Figure 12 Effect of % recycled material on durability by using | SAT test
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Cube Strength N /mm? Cube Strength N /mm? Cube Strength N /mm? Cube Strength N /mm?
G60 - 60% GGBS Mix G70 - 70% GGBS Mix G380 - 80% GGBS Mix G90 - 90% GGBS Mix /

60.0

— &

20.0
10.0

. 0.0 : T . . . .
Tdays  28days 56 days 7days  ZBdays 56 days Tdays  28days 56 days Tdays  28days 56 days

Water Absorption Test Rapid Chloride Permeability Test
% ,Coulombs

[N N )

Initial Surface Absorption Test Water Permeabilty Test B RALRW
,ml/m2/sec ,mm - A

m"um I
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Control Mix

Material Source |Co2 kg/Ton |Cost/m3 |Mat(kg)/m3 |Cost/m3 Co2 kg /m3
OPC UAE 959 240 370 88.8 354.83

GGBS UAE 155 280 0

Binder Fly Ash India 93 300 0

Total Binder 370
Water UAE 1 25 159 3.975 0.159

W/C 0.43
] 20 mm Aggregate |RAK 7] 485 559]  27.1115 3.913
& 10 mm Aggregate |RAK 7| 485 365]  17.7025 2.555
g, 5 mm Aggregate |RAK 7 51 699 35.649 4.893
< Dune Sand AL Ain 5 25 238 5.95 1.19
Total Aggregates 1861 0
Admixture kg/m3 SP 495 508 5 5.5 27.5 2.794
Total Co2 kg/m3 370

Total Cost/m3 207
G80 - 80% GGBS Replacement

Material Source |Co2 kg/Ton |Cost/m3 [Mat(kg)/m3 |Cost/m3 Co2 kg /m3
OPC UAE 959 240 56 13.44 53.704
GGBS UAE 155 280 314 87.92 48.67
Binder Fly Ash India 93 300 0 0

Total Binder 370
it S Water UAE 1 25 159 3.975 0.159

et w/c 0.43
s ) | ] 20 mm Aggregate |RAK 7 48.5 559]  27.1115 3.913
se==aF i) & 5 10 mm Aggregate |RAK 7 48.5 365| 17.7025 2.555
-4 N s 5 mm Aggregate |RAK 7 51 699 35.649 4.893
i 5 | < Dune Sand AL Ain 5 25 238 5.95 1.19
T Total Aggregates 1861 0
. Admixture kg/m3 SP 495 508 5 5.5 27.5 2.794
Total Co2 kg/m3 118

Total Cost/m3 219
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m Intent

To increase demand for building products that incorporate recycled content materials,
thereby reducing impacts resulting from extraction and processing of virgin materials.

B Requirements

Use materials with recycled contentl such that the sum of post-consumer recycled
content (such as C&D waste) plus 1/2 of the pre-consumer content (such as scrap
metal) constitutes at least 10% or 20%, based on cost, of the total value of the
materials in the project. The minimum percentage materials recycled for each point
threshold is as follows:

10% 1 Based on cost

20% 2 Based on cost

= Case Study
Assuming that the concrete represents 40% of the total building cost:
- For 25% Recycled Agg Concrete - 0.25x0.40 = 10% Recycled content @ Point

- For 50% Recycled Agg Concrete> 0.50x0.40 = 20% Recycled content @

P%Qrﬁ&l onal conference on Concrete Sustainability, Dubai, 13-14 December 2010
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m Intent

To reduce wastewater generation and potable water demand while increasing the local
aquifer recharge.
B Requirements
: Reduce potable water use for building sewage conveyance by 50%
through the use of water-conserving fixtures (eg. Water closets, urinals) or non-
potable water (eg. Captured rain water, recycled grey water, onsite or
municipality treated water).

: Treat 50% of wastewater onsite to tertiary standards

Reduce potable water by 50% 2 Option 1

Treat wastewater on site 50% 2 Option 2

» Case Study
- Treat 50% waste water using MBR System on Site Points

- Treat 25% waste water using MBR System on Site Point
International conference on Concrete Sustainability, Dubai, 13-14 December 2010
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The effect of recycled aggregate and water on axial and bending
strength was found moderate and less than 40% but had a
significant effect on durability which was of the order of 200%.

The effect of increasing the percent of the recycled water and
recycled aggregate on axial strength of cubes and
cylinders is more pronounced compared to recycled water
only.

The beams with bottom reinforcement had the most severe effect
on bending strength which was in the order of 24% for and

36% for

The deterioration in the durability for RWRA was almost
the one for RW only.

To enhance the durability of recycled concrete and to reduce
Co2 emissions , GGBS and or Fly Ash should be used for.any
future building construction in the Gulf.
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The mechanical properties of Recycled concrete reinforced with GFRP rebars is not well
documented as there is little experimental testing of such concrete. Recent experimental testing
of GFRP showed excellent tensile strength as well as superior durability. It is proposed to
perform similar experiments to the one presented in this paper for the reinforced concrete beams.
The results of these future tests will be compared with those obtained for carbon steel reinforcing
bars.

RILEM Versuch 16mm, 5 ds Einbindelange C25/30, zentrisch: Combar, BST 500 S

Bond Stress [Nimm?]

15

deflection [mm]

Stragd [nN/mm2
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