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SULPHATEATTACK

Physical Chemical
Na,SO,4 + C3A, CSH, monosulfate aluminate — Ettringite
K,SO4+ C3A, CSH, monosulfate aluminate — Ettringite

CaSO4 + C3A — Ettringite

MgSO, + CSH — Mg(OH), Brucite — Dissolves forms more Mg
and the process is repeated
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Conversion of reactive aggregate
(iF present); expansion

Crack formation Water and/or alkalis
(map cracking and from the environment
(. from de-icing salts) |

surface parallel cracking)

Diffusion of
water and
alkalis into
concrete

bl
ate Reaction (ACR)

Diffusion of alkali present
in pore system (e, from
cement or admixtures)
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CORROSION CELL

Main take away points

Oxygen and water fuel the Cathodic
reaction

Oxygen is not required at the anode to
initiate corrosion

Rebar

Anodic Cathodic
region region
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CARBONATIONINDUCED CORROSION

Caused by the ingress of atmospheric gases

Ca(OH)2 + CO2=CaC03+ H20

pH reduces from13.0to0 < 9.0

Neutralizes protective alkalinity in concrete
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CARBONATIONINDUCED CORROSION

Concrete Rebar

Carbonation induced corrosion
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CARBONATIONINDUCED CORROSION

Concrete Rebar

Carbonation induced corrosion
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CHLORIDES INDUCED CORROSION

Where?

Marine Environment (salt water)

De-icing Salts
Castin chlorides
Accelerators (Pre-1980’s)

Impact:

Attacks passive layer by changes in electro-potential

Without removal of all chlorides corrosion will continue at new sites! Aweber
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TYPES OF CRACKS

Coincidentcracks

e Follow the line of reinforcement

Intersecting cracks

e Crossingthe reinforcement

Intersecting cracks
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Change of the properties of crack with time (propagation status)

Type of crack Dormant

Plastic Shrinkage
Hydration temp difference
Shrinkage

Thermal expansion

Pathological expansion (freeze-thaw, AAR)

Settlement of foundations

Load

Crack Type (Nielsen, 1978). Adopted by The Concrete Society and published in TR 44
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SELFHEALING

Main reason

e Ongoing cement hydration

Other factors

e Crack width

e Hydraulic gradient

Concrete society, Technical report 44, page 1
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INTRODUCTION TO RESIN AND FIBRE TYPES

What are fibre reinforced polymers?

e Fiber-reinforced polymer (FRP) is a composite material made of a polymer matrix
reinforced with fibers.
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STRESS/STRAIN CURVE

Strain (mm/mm)
0 0.01 0.02 0.03 0.04

Stress (ksi)

Strain (%)
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FRPVS. CONVENTIONAL UPGRADE

SIMPLY SUPPORTED BEAM; 35% UPGRADE IN LIVE LOAD

Bonded steel plate
6mm bolted plate

110 kg. dead load

placed by lift
truck

Member enlargement

2 @16mmrebar
100mm. concrete
1110kg. dead load
formed and cured

FRP sheet

1 layer resin
bonded

1.5 kg. dead load

placed by hand
Aweber
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REPAIR PROCESS/STRATEGY

e S
Assess structure/
member
« Structural assessment
+ Condition survey
 Non-destructive
« destructive

Consider
options

* Repair Process
« As seen in EN 1504 &
TR69

Select repair
principles

* EN 1504-9 & the 11
principles

Choose repair
methods

« EN 1504-9 methods for
repair found within the
principles

\

Specify
material
performance

* Relevant UKCA or CE
Marking marked

» EN 1504 approved
materials

\

s
Carry out repair
* By approved contractors
for specific methods of
repair
« Consider resin
injection
 Spray
» FRP Strengthening

\

 ———
Setoutongoing

requirements

« Ongoing periodic
assessments
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SPRAYED CONCRETE REPAIRS

Large areas of
structural concrete

Highway structures

Fire damaged
concrete structures

Rock and
embankment
stabilization

New Elvet Bridge, Durham

M56 Wilmslow Bridge, Manchester
M60 Junction 12 Bridge Refurbishment
Deansbrook Viaduct - M1 Motorw ay
Thelw all Viaduct M6

A30 Shadftsbury Road Bridge Dorset
Clyde Tunnel Approach Road
Corkerhill Road Bridge, Paisley
Blair’s Bridge, Redding, Scotland
A38/M6 Spaghetti junction

Puntney Bridge

Hammersmith Flyover

M25 A12 Brentw ood

M25 Sw anley Interchange
Redbridge Flyover

M1 Mil Hill Junc 2 & 3
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A90, GLENCARSE, PERTH

Where a flowing, self-
compacting repair
concrete is required

Where a structural
(R4) repair concrete is
required

In areas of congested
steel or difficult-to-
access reinforcement
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RECASTING CONCRETE

Flowable & pumpable cementitious non shrink structural repair concrete ideal for

deep section repairs and grouting
webercem five star repair concrete CP (R4)

R4 Hand Placed Mortars

Moor Park Underground—Askew Road Bridge MR70A
A71 Williamston Interchange Bridge, Scotland

A52 Clifton Bridge Nottingham

M5 Exminster Viaduct

Bow Bridge, Wateringbury, Kent

M8 Kingston Bridge, Glasgow

Area 9 Midland Links M6, M5, M54

Walton New Bridge, Warrington

HS2 Bromford

Coulsdon Town Centre Bypass/Regeneration (SP)
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CONCRETE PROTECTION

webertec aquapel creme

Highly water repellent, but
breathable

Prevents chloride ingress,
prevents carbonation

Long-life (>25 years and
counting)

Not affected by mechanical
impact & retains concrete
appearance

e Brandy Bridge Merthyr Tydfil

e M2 Medway Bridge, Kent
e Needle Eye Bridge, M1, Yorkshire

e Stanley Bridge Lake District, Cumbria
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SUFFOLK STREET BRIDGE, BIRMINGHAM
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FRP STRENGTHENING & EPOXY RESINS.

e Structural strengthening of castiron lamp stands for Tower Bridge,
London

e Corkerhill Road Bridge, Paisley, Scotland

e A647 Henconner Lane Bridge, Stanningly Bypass, Leeds
e M6 Cumbria Bridges, J38—J40

e M2 Gillingham Bridge, Junction 4

e M62 Ashfield Bridge, Milnrow - J21

e Taney Bridge, Dundrum, Dublin

e Dockland Light Railway - London City Airport link

e Deansbrook Viaduct - M1 Motorway

e Pont Glanhros Wales Culvert
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BARNES BRIDGE, M60 MOTORWAY, CHEADLE IN CHESHIRE

Client: Highways England
Carbon Fibre strengthening
Time saved (50% on programme) using FRP

5,500 metres of carbon fibre plate used
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GET IN TOUCHWITHUS

Ahmed Sobhy
e ahmed.sobhy@netweber.co.uk
e 07542 861 250

Paul Righy
e paul.rigby@netweber.co.uk
e 07980 605 264
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