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ACI Excellence Award-winning paper 2021 identified severe
cracking was responsible for the falling of a large slab edge
from more than 200 ft (60m) of a 59-story building
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Hamid Khan
Director Board ACRA
Past Present ACRA (2017-19)

National Product Segment Specialist, Fosroc ANZ
Concrete Repair & Grouting

27 years global industry experience
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In today’s world asset owners, desire their buildings to last for
a century and bridge structures to 100 years (AS5100, 2004),
120 years (BS5400.1, 1988) to as high as 300 years.
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Cracks Deteriorations
: ' Scaling

]

- Rebar Corrosion

_ Erroneous construction- induced crack
. Foundation non-symmetrical Shrinkage Crazing
induced crack :

Fatigue crack Spalling
- Pop-out
' Pitting

Honeycombing

' Pre-cast element crack

Chloride Contamination crack

Carbonation crack

) . Efflorescence
Rebar corrosion crack

 Sulphate attack crack | Delamination

 Acid attack crack | Cavitation

_ Alkali-Silica-Reaction (ASR) crack

" Discolouration
' Peeling

 Freeze-thaw crack |
- Exudation

__Plastic shrinkage crack

| Plastic settlement crack | Leaching

| _ | et vod
._Long-term drying shrinkage crack Vol

Settlement

. Early thermal contraction crack
Source: Wang et al (2001)
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Enright et al (2000), in their study “Survey and Evaluation
of Damaged Concrete Bridges” reported:

Water leakages through deck joints as the most common
source of bridge damages




Mechanical

Splash Zone Atmospheric
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Concrete
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Durability “Menu” of possible materials < |
h constructive solutions

choices

Cement Admixture Surface Electrochem
PC Super- Extended Chloride
plasticisers Curing Monitoring
Micro-silica Self- Controlled Corrosion
compacting Permeability Monitoring
agents Formwork
PFA W aterproofing Penetrating
additives Sealers
GGBS Surface
Coatings
Legend:

Controlling
Penetration

Faiz Khan, 2013
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Basic service life model

damage
limit
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loss of Steel/
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Service life
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Shrinkage Chloride and CO, Corrosion and Concrete
cracking diffusion stress generation damage

Schematic of conceptual model of corrosion of reinforcement steel in concrete

Source: Woubishet Zewdu, Taffesea, and Esko Sistonen, 2013
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The Corrosion Conundrum:
Durability Risks and Protection
to Bridge Structures

‘Omer the past few decades, the desire
ofextending the usefil service lbe

of infmstructures has become of
‘paramont significance. Where

the aging infrastrictiee is A sefous
problem faced by counties acoss the
world, the prematire detefomdon has
also emerged as the major problem
that results in seduced service lfe of
the relnforced concrets stEUCHIeE,
The constriction industry has
recently been witnessing ambitious
designs and specifications to achieve
+this desired design service like. The
adoprion of high standards of design
and construction of new concrets
structires has become a major

Focus. Despite the ambitious project

always subjected to mumerois
duirability risks. This article attempts
o highlight the carbonation and
chlosde attack rsks to the reinforoed
conchete bridges,

Bridge Hicrar chy - Bridge structural

Elernents amd Exposure o Risks:

These are different types of bridges

and a general classification of bridge

mmp-m.euﬁ 15 shown in Figure L
‘Concrete bridge stuchiral elements

are constantly subjected to multple
#isk factors that result in deterdoration
over the course of thelr service lives,
The caises of detefomation and
concrets distress ame due w0 maldple
expository vasfdables such as aging,

coftosion, cracking, vehicular overload,

environmental factors, climatas,
matetial propertias, inadequate design.
and poor asset management Matiral
‘hazards, floods and collisions are alss
primary causes of bridge EGilures.

Eridge failute may be defined as
the inability of a bridge to serve its
imtended fincdon with the desired
lewels of sabety and serviceability.
Faihite of a bridge may be attributad
0 a maimber of independent and
interrelated Factors. Corrosion of
the stesl generates inon osddes and
hydronides, resuldng in 5 0 6 Hmes
incease of wolume than the original
size. This increass in volume causes

teport suggested tn 2012 that 11%
c&thecomﬂ‘y‘s 607,380 bridges Fall
under the clas ai.&mﬂmnfstmcmﬁﬂy
deficient assets due vo gafic loads,
smofmuucﬂ.mmamﬂmand
other factos. Similardy, a considerable
number of bridges located in the
coastal areas of Japan have experenced
early onset conceete deterioration die
0 COHOSION Within ten to 15 years of
CONSHAUCHON Compledon.

The Environment - Understamniding
the Climate Chamge and Carbonation
Concrete dewerioraton rate depends
not only on matedal specificatons
and constricton practioas, bt

also melies on the on-going climatc
environment durng the ke opcle

of the strictimes. Armospheric COs

is a growing catse of coroslon n

Using protabifistic and reliability-basad

axpansive forces w0 accumiilate within approach, Stewart et al. ressached on
the concrete around selnforcement fClmate Change Impact and Risks of
and results in concrete spalling. The Conctets Infrastructine Deteforation”
American Mational Brdge ventory, and conclisded that carbonation-
2008, feported that environment- indisced damage fisks may inceeass by
induiced corrosion has structusally ovet 400% by 2100 for inland add of
afferted 73,764 bridges in the UsA. tempesate climates in Austeatia.
The US Depattment of Transportation
ooncm.ea-rldn
R i
Lengibed il wlamaria Bhanmenis
g g fae q;\‘
L —
L~
Teckmz Pl b e
S
Bexivage b

Figure 1. Bridge Werarchy - conorete bridge components and
Source: Moufti, Zayed and Oabous, [3014]

p.62 [CORROSION & WATERIALS

Concrete Problems Today are
Multifactorial —Root Causes

EY HAMD FHAN

Crack Gaugs

Concrets cracks provide egsy Bosss [0 cONTENE agents

Regular and planned asset maintenance is vital for reinforced
concrets structutes. Such maintenance shall not be & ‘cosmetic
repair” but rather a proper root cause analysts that must be carrled
out to identify and understand the actual source of the problem.
Material selection is an lmportant step in asset maintenance and
refurbishment projects though enly after the root cause has been
addressed. Conducting proper root cause analysls in restoration
and refurbishment projects will prevent one from falling into a
viclous cycle of ‘repairing the repair’. A study conducted by
Jingmond and Agren (2015)" has highlighted the importance
to look at the root causes of the defects in concrete from the
organizational perspective as well, instead of the operational level

enly.

Adefect or problem in an exsting reinforced concrete structure
1s multifactorial; it often stems from obscure reasors. Like the
cause of a common headache that Is often attribated to a
pathological cause leading to expersive and often needless
investigations and treatments, whereas, the actual cause may be
a stress-triggered tenslon headache. Similarly, stomach infections
are common during monsoons in some countries, which are due
to the 100 year-old corroded sewage pipes leaking into the
parallel running municipal water pipes. A point to ponder here
Is whether treating the gastro patient with medicines or changing
watet filters would make the situation better withour addressing
the root canse of the problem?

Corroelon of the steel generates tron coddes and hydroxides,
resulting in the increase of volume 5 to & times of its orginal
size. This increase in volume causes expansive forces to
accurmmlate within the concrete around retnforcement and results
in cracking, and in ateas with low cover, concrete spalling. Cracks
provide easy access to corygen, molsture, chlorides and other

Z CONCRETE REPAIR BULLETIM JANLWAY/FEERLARY 2012

corrosive agents that create conditions suitable for accelerating
the electrochemical cortoslon proces. Pretensioned concrete
bridge girders may exhibit unespected end cracking upon s tress
telease. These cracks may propagate into the bottom flangs of
the girder where strands are located and can increase in width
with increased traffic loads. Leakage from bridge expansion joint
could penetrate the hottomn flange cracks and trigger severs
corroslon. In this case, expansion joints leakage must be arrested
piot to the crack and concrete repair activity.

A commen form of cracking ar an early age on new concrete
decks Is kncwn as srmsnerse craoking which may appear over the
leng:th of span above transverse reinforcement. These cracks can
accelerate corrosion rates, reduce the service life of the asset and
increase malntenance costs, When a mass of concrete that shrinks
a5 It ages Is restrained, cracks will ocour. For esxample, restmint
ofa concrete deck by an integral support girder against its volume
change initlates cracking. Multiple factors such as concrete
matetials and mix design, ambient temperature changes,
humidity, bridge design chamcteristics and construction practices
can all contribute to volume change and/or to degree of restraint
of concrete mass. However, transvetse cracking canmot be
attributed to all of the above factos. It is therefore lmportant to
identify the majar contributing facton(s) to address the root cause
of cracking,

A crude approach while examining the corroslon induced
damage in bridge stroctures, particularly in the marine
environment, ks to asume the presence of chlorides as the main
cause of failure. Chlorides it be the reason of corrodon bur
not the actual cause of the bridge defect. The root cause of failare
of the bridge structure cannot be simply corosion. There are
many factors involved that could lead to corrosion and ulitmately

WHIWICAL RS
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The EN1504 holistic approach to Repair & '\'.J'
constructive solutions

Protection

PROJECT PHASES

INFORMATION
ABOUT THE
STRUCTURE

PROCESS OF
ASSESSMENT

Basic considerations and actions

» Condition and history

of structure

+ Documentation

+ Previous repair and

maintenance

« Defects and their
classification and
causes

« Safety/structural
appraisal before
protection and repair

MANAGEMENT
STRATEGY

« Options

« Principles

e Methods

» Safety/structural

appraisal during
protection and repair

)

DESIGN OF REPAIR
WORK

 Intended use of

products
« Requirements
- substrate
- products
- work
» Specifications
e Drawings
« Safety/structural

appraisal after
protection and repair

Relevant Clauses in this European Standard and other Parts of the EN 1504 series

* Clause 4 of this

European Standard

e Clause 4 of this

European Standard

* Clauses 5 and 6 of

this European
Standard

e EN 1504-2 to

EN 1504-7

« Clauses 6, 7 and 9 of
this European
Standard

REPAIR WORK

+ Choice and use of
products and systerns
and methods and
equipment to be
used

» Tests of quality
control

» Health and safety

* Clauses 6,7, 9 & 10
of this European
Standard

+ EN 1504-10

ACCEPTANCE OF
REPAIR WORK

 Acceptance testing
« Remedial works

+ Documentation

» Clause 8 of this
Eurcpean Standard
« EN 1504-10
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Selecting the products & techniques

Control of Anodic

|

Corrosion Inhibitors

Areas

Barrier Reinforcement Coating

Active Reinforcement Coatingj

Cathodic Protection

Limiting Oxygen at Steel|

Increasing

Coating

Impregnation|

Hydrophobic Impregnation

Preserving or
Restoreing Passivity | Resistivity [CathCath

Chloride Extraction

Realkalisation by Diffusion|

Electrochemical Realkalisation|

Replacing Contaminated Concrete

Increasing Concrete Cover|

Chemical

adding mortar or concrete

Impregnation|

coating

Physical

adding mortar or concrete

Impregnation

Resistance | Resistance

coating

Prestressing & Post-Tensioning

Filling Cracks

Injecting Cracks and Voids|

Adding Mortar or Concrete

Bonding Plate reinforcement

Structural Strengthenin

Anchoring reinforcement|

Adding or replacing reinforcement|

Concrete
Restoration

Replacing Elements

Spraying withConcrete or Morta|

Recasting With Concrete or Mortar|

Hand Applied Mortal

Electrochemical Treatment

Erecting External Panels

Coating

Moisture Control

Impregnation|

Hydrophobic Impregnation

Applying Membranes

Erecting External Panels

Transferring Cracks into Joints|

ainst Ingress

Filling of Cracks

Surface bandaging of Cracks

Coating

Protection

Impregnation

1.1 12| 1.3] 1.4 15] 1.6] 1.7] 1.8 2.1 2.2] 2.3 2.4| 2.5 3.1| 3.2) 3.3| 3.4] 4.1) 4.2 4.3| 44| 4.5] 4.6/ 4.7] 5.1{ 5.2| 5.3] 6.1] 6.2| 6.3) 7.1| 7.2] 7.3| 7.4 7.5 8.1| 8.2 8.3] 9.1] 10.1] 11.1] 11.2] 11.2

Hydrophobic Impregnation

Principlal

Repair Method Description

Repair Method NumberNumber
Nitocote SN511, SN502

Nitoflor Lithurin

Dekguard E2000, S, W, PU

Nitoflor Systems
Expoband H45

Nitofil LV, TH, Conbextra EPLV
Nitoseal & Colpor Sealants

Nitofil WS60, UR63
Polyurea WPE

Nitodek Car Park System

Renderoc FC, HB, HB30, HB45, Patchroc

Renderoc LA

Renderoc DS, Renderoc SP

Nitobond EP, PE

Auracast & Auramix Admixtures
Lokfix S, P, LokfixdurDUR

Nitowrap, Nitoplate, Nitorod
Conbextra Cable Grout
Fosroc Life Jacket
Nitoprime Zincrich
Conplast CN
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B Hand applied repair mortars

B Sprayed repair mortars

B Form and pour micro-concrete repair mortars
B Resin injection systems

B Corrosion Protection

B Epoxy repair mortars
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vLow Permeability

vCompatibility
SPECIFICATIONS

\ vLong Term Integrity
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Repair mortar specifications

’ {y l ’ {y _ ’
[ 5 [ "

| o tow | LongTerm
| Co.m’pa.tlblllty' Permeability Integrity

-

Modulus of Elasticity ) Water

Bond Strength

Thermal Co-efficient of
Expansion

Strengths (Compressive, Shrinkage
Flexural, Tensile) . Chloride 5
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Repair Work

There are many techniques to repair
and protect concrete. The next
module will run through the most
common and the best application
practise.



I TECHNICAL NOTE

BE PREPARED
- Is Surface Preparation for
Concrete Repairs a Fad?

Hamid Khan - Product Segment Manager — Parchem

Prof to the commencement of concews
tepaiss, the fundamenal ting wo
consicer 13 mirface preparation. The
ameliomton of damaged concrere
sHELCHRES involves many elements,
froim englnees, applicaoes and even
legal cowinsal. This paper details the
primary value of suface preparadon,
for without good bonding no repate
syEtem can be expectad v perform.

Hepair Material 10 Concrebe
Substrate — An Alien o a
Moaalithic Bomd:

In Buropean standasd (EMN1504-
10:2003), the term bond nebers 1o the
adhesion of the applied material of
syEbem 0 the conceete substrate, Hence,
adhesion has an undertying importance
in the repaif of concrets SHUCHIRES.
Sutface preparation of the conceete
sibstrate 5 considened o be the most
crucial step in a conceete repalr project.
A poodly prepared sutface will sesalr in
the weak associadon wo the repair zone,
no matker how proficient the applicaws
of expensive the repals material might
be. The tepair material when applied,
should not act as ‘an allen body' v the
host oonichets suibsaste father 1t shomild

determining the bond stength of
the repalr system, include exposiiee
conditions, peoperdes of the repair
materals and concret: mibsteate o
name a bew.

Sawn Edges - odng 1 Right

the Frst Time:

Saw cutting 15 used o delineate the
perimeter of the repair one. & disc
type mechamcal gAnder 15 used for saw
cutting the edges along the perimeer
of the repair area. The fght angled
saw cut 0 a depeh of 10-15mim is
tecomimended o avoid amy feather
adging and it should not be deeper than
the retnfodced conCrets cover. Saw Cut
squared edges help contain the repair
materal. The sw oit edges should be
toughened sightly by a needle gun o
haclking, as a polished vertical sawed

face may result in poor bonding.

The geometey of the repalr area should
e in simple square of seceangular
shapes, Sharp acute angles and re-
entaEnt comers should be avolded
(Figufe 1). Some conchets fepait Rald
installess usually fosm excessive or
wortaous edee conditons as they v

Removal of Spalled Concrete
Miose of the repalts pequire surface
prepafation compesing of soughening,
of the aggregates and memaoval
of the damaged, delaminated and loose
concets, Regardless of the type of
deterioradon, all weal, Haloy, unsound
and disimegrated concrete miist be
temoved. Defective conctess should
e broken back to a sound and dense
conchete siutface, Peor to the removal
of any spalled concrete froim a load
bearing steuctise, certified shodng
miist be provided o the strictine, The
memoval of concrete usually stars with
saw cittng the repals boundaries.
The deteforatad dnsound conciste in
the centre of the repalr atea is then
memoved. Breaking out and the remonval
of concrete progressas fom the centne
outwards towards the edges, The next
step 15 1o memove the conctets near the

adges without damaging the sound
conchete at the interface

The axeent of concrete semoval depends
o the exeent of damage. Concrepe may
e remowved by impacting methods
wsing power vools (Flgure 2 and 3), or
by tvdeo-demolidon sich as water
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Delaminated, Incorrect Recommended
cracked areas layout layout

Source: Concrete Repair Geometry. Source: ACI Webinar, 2013
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In the SSD condition, the substrate is damp and saturated but
does not contain any free water on the surface. Free water can
Impair the bond at the interface due to increased shrinkage
leading to lower material strength and reduced bond strength
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‘/High compressive strength
‘/Extra high build
‘/High resistivity

‘/Ideal for concrete rectification in new structures
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105

B Reduces multiple layer applications
B High build formulation
B Fewer applications

B Improved site productivity

Multiple layer application — criss-cross
keved pattern
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Cause
B Vehicle traffic loading

B Natural wear and tear of floors
B Ageing of floor pavements
B For emergency patching of small

areas of concrete pavements and
floors
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B Use for reinstatement of large areas of concrete floors and
B pavements, up to 18m2
W Trafficable after 16 hrs

B Apply by trowel or pour, 15mm to 50mm deep







Floor Reinstatement
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Very fast Application

Large repairs and high build
Low dust emissions

High strengths

Low rebound




Form & pour micro-concrete repairs
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Environmental friendly & sustainable
Enhanced durability and service life

Suitable for large volume pours (50mm — 500mm)

Extremely low permeability

IITECHNICAL NOTE

;Concrete
rectlflcatlon usmg
micro-concrete
form-and- pour-_[*""

Accelerated and premature
deterioration of some reinforced
concrete structures during the

initial years of their life cycle is of
major concern to asset owners. The
premature deterioration results in
reduced service life of the structures.
The adoption of high standards for
design and construction in new
concrete structures has become a
major focus today. The construction
industry has recently been witnessing
ever-increasing expectations

for concrete’s design life. This

article highlights the use of high
performance durable micro-concrete
repair material to rectify defects in
tong design life structures during and
after the construction phase.

Repair materials need to be able to

be usad in difficult locatons and
achieve good compaction atound the
reinforcing steel without any external
aids such as vibration. The finished
tepair must provide p against

How is it different from
conventional concrete?

1f a conventional mix of high strength
concrete is wsed for replacement,

small gaps can occur around the

steel either mmsn pocr

cortosive agents such as

and carbon dioxide and present
minimal shrinkage to reduce the sk
of cracking.

What is the purpose of using fluid
micro-concrete repair mortar?

difficulties of access make hand or
wowel applied mortars and

potendal slbe to initate cormm To
avoid these common pitfalls the repair
materials nead to be exceptionally fuid

Fostoc’s Renderoc LASS Plus typically
have a compressive strength of 275 MPa
and are basad on supplementary cement
materials making them environmental
friendly and sustainable with a low
carbon foot print.

The micto-concrete fluld repaie matedals
are produced off site in

have a high associated failure rate.

20 kg bags so they are simple and

p.22  CORROSION & MATERIALS
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SCC pour for transfer beam Shangrl 1a Hotel in Duba1 - 2002
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SCC pour in progress for transfer beam, Shangri-La Hotel in Dubai - 2002
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Cracks _h N
constructive solutions

B Cracks are a reality in concrete, as long as we build with it we will have to
deal with it

B Cracks are a concern to asset owners for long term durability
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M Structural integrity

B Water loss

B Water penetration

B Prevent further damage

B Reinforcement protection / durability

B Aesthetics
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Thank you

Hamid.khan@fosroc.com.au
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