Concrete Durability & Sustainability They go Together
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History

> 19t May 1994 formation of COWI's concrete
department by Steen Rostam

> 19th May 1994 Carola Edvardsen joined COWI

> participation in a series of European Union
supported durability research projects:
> Duracrete 1998 to 2001 "The Probabilistic
Performance Based Durability Design of Concrete
Structures”

> Duranet 1999 to 2001

> participation the development of Fib Bulletin 34,
published in 2006
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Implementation on Projects

Green Heart Tunnel, The Netherlands, 2000 :
Shatin Immersed tunnel, Hong Kong, 2004
Sitra Causeway, Bahrain, 2004

Yangzte River Crossing, Shanghai, 2005
Heating Shield tunnel, Denmark, 2005
Busan-Geoje Fixed Link, Korea, 2005
Bahrain Financial Harbour, 2006

Lusail Development project, Qatar, 2006
Seeb & Salalah International Airport, Oman,
Bahrain-Qatar Causeway, 2009

Puente Nigale Bridge, Venezuela, 2010
Izmit Bridge, Turkey, 2012

Step Tunnel, Abu Dhabi, 2009

Abu Hamour Tunnel, Doha, 2013
Tappan Zee Bridge (New York) USA, 2013
Ohio Bridge, USA, 2013

Doha Metro, Qatar, 2014
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The STEP Project
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STEP 3, Impregilo/COWI 10 km, 2012 —

STEP Project:
> 41-kilometer long sewer tunnel
> 1.7 million m3 of sewage a day

> Total of 6 Contracts
> 3 tunnels,
> 2 micro tunnels and
> 1 pump station

> USD $ 1.6 billion

STEP = Strategic Tunnel Enhancement Project
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STEP T-02
Project in overall terms
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o > Segmental bored tunnel in 40 -
50 m depth, diameter @ 5 m, 15
km long

> HDPE lining inside to avoid
microbiologically induced
concrete corrosion (sulfuric acid)

> 3 deep work shafts, @ 18 m (WS)

> 3 deep access shafts, @ 6 m (AS)
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41 km long Sewer tunnel - 80 years design life
Huge challenges for the designers

Access

“\ Main Tunnel

Most aggressive soil/groundwater conditions in the world:
10-12% chlorides
4-5 times of the seawater (Gulf: 2.2% chlorides)
Temperature: 30°C
5000 mg/| sulphate
(not found in Europe natural ground)
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The Team

>a COMMANDO job from
Denmark, with a team of 6
people

> the majority of the design was
carried out at the Contractor's
office in Ab Dhabi

> Long working hours, but a
very good and direct
communication with the
Contractor, Engineer and
Client
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Emirate of Abu Dhabi

Formula 1
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When it started in 2010
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STEP Project, Abu Dhabi
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Reinforcemént COrrosiol
ingress (10-12%)

Sulphate attack (5000 ppm)
Temperature-around 30°C

Corrosion and deterioration of concrete
after few years

Applying Modern approaches to concrete on projects in
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Service life

Additional rebar splitting reinforcement at the joints is
needed - combined carbon steel reinforcement and SFRC

carbon steel cage

- /f‘\? N Durability of the

mEEL —
= — carbon steel to be
g cmme considered !
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fib Bulletin 34,
Model Code for Service Life Design, 2006
Assumptions.
| ISO 16204 (2010)
Terms of definitions
: | fib Model Code (2010)
SFRC
i
Service Lite Design E;
i
a
H
1
Carbon steel Ei
reinforcement - 5
DuraCrete/ L 22
fib Bulletin 34 m?mh?“m Eg
approach _
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Service life

Measures:

> High quality and

i _—
impermeable concrete DuraCrete tool

fib 34

|

> low chloride diffusivity
> sufficient concrete cover

fib - Verification of 80 years
service life for
10% onset of corrosion (B=1.3)

Maodel Code for
Service Lite Deaign

min. cover
max. Dy
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Concrete mix options

> Sulphate attack (5000 ppm SO,) + Chlorides (12%b6):

Sulphate Chloride
OPC + Flyash + Micro silica: g [ ]
OPC + GGBS: z (!
Sulphate resistant OPC : e =

> Selected concrete mixes foreseen during pre-testing:
> OPC + FA + MS

Chloridmigrationscoefficient D in (107m3s)

> OPC + FA + GGBS *

2 ‘D wie 0,35
> OPC + GGBS 1 wetdo
> OPC + GGBS + MS ® |
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> Max. cover 65 mm " ‘
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Concrete grade

Triple blend:
50% OPC + 20% FA + 30%
GGBS

Max. chloride migration

coefficient:
2.4 x 1012 m?/s

Fibre class: F1.4/0.6
Steel fibres: | =47 mm

d=0.8 mm

cover rebars: 65 mm

AT e R

Applying Modern approaches to concrete on projects in
151 the Gulf COWI

n A n m.i y.:q “& "
Tuning" of concrete
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Concrete tests
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Durability testing
Chloride migration — NT Build 492

STEP Project, Abu Dhabi

19 Dr-Ing Carola Katharina Edvardsen, COWI, Denmark

Lab cross check of chloride migration
Denmark - Abu Dhabi

CORE LOCATION FOR CHLORIDE MIGRATION TEST

| [Lab1(DK) |Lab1(AD) _ |Lab2(AD)
September 2011 0.7x 1012 m2/s 0.9x 1012 m2/s  1.0x 1012 m?/s
October 2011 1.2x 1012 m2/s 0.9x 1012 m2/s  1.5x 1012 m?/s

STEP Project, Abu Dhabi
20 ‘ Dr-Ing Carola Katharina Edvardsen, COWI, Denmark COVVI
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Concrete durability testing at CCI
Mix 3.1*F
SUMMARY RESULTS OF CHLORIDE MIGRATION TEST FOR C3.1°F
“ W >56duys Cube [CCI Mafrag Lab)
%‘ :' Eﬁﬂmm;}:ﬂvﬂ' i
g- & >5Edays Corn (Geosdiance Lab)
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Production of segments
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Conclusions

> 1 year to fix the final concrete

> No compromise in terms of
durability

> first 400 rings produced were
destroyed

> stainless steel used for next 2500
rings produced

> after that the chloride migratig
coefficient met the requirems
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