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ABSTRACT

This research presents the results of a laboratwgstigation of the flexural
capacity such as strength, deflection and steeharecal properties for both corroded
and repaired corroded beams. Examination of thevwehof crack development was
also examined.

Fourteen small scaled reinforced concrete beam® weed in the testing
program. Ten out of them were tested as simply @up@ beams subjected to two
concentrated point loads. Two out of the ten agrobbeams two others as corroded
beams and six of them as repaired beams. The fathemwere used to investigate the
corrosion rate and the mechanicals propertiesdonded steel bars.

An electrochemical system was used to achieve treogion level. The
specimens were immersed in a 5 percent of sodidaridé solution for a period of 11
weeks. The beams were connected in parallel toatts With a capacity of 25 Amperes
electric DC current generated by power supply whinbressed an equal voltage on
each beam to accelerate the corrosion process.lfimewere immersed in the solution
to act as a cathode and to force the steel reiefioconcrete beam to act as an anode.

Six corroded beams out of the fourteen were stratyurepaired after been
corroded. Additional longitudinal steel reinforcaméars fixed with shear connectors
were added to the flexural corroded reinforceméitee types of cementitious and
resin repairing materials were used to apply a haeyer instead of the crashed
deteriorated beams bottom concrete cover.

It was concluded that the flexural capacity of tmeroded beams reduced by
about 28 % compared with the control beams and sticav noted reduction in its
ductility behavior during the flexural test. TheXural capacity of the repaired beams
increased by about 47 % compared with the conwahis. They showed good ductility
behavior during the flexural test and performeds@asnd constructed beams regarding
their flexural capacity, crack development and etgfon.

It also concluded that types of repairing mateniesd for applying a new layer
to corroded beams did not affect the flexural penfnce of repaired beams, in spite of
that it may be important to inhabit the corrosioagess in the future.
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Chapter 1 Introdwarti

Chapter 1: Introduction

1.1.General Background

Reinforced concrete is considered the most fredyesied structural material,
not only it has good mechanical proprieties afemdening, easy to use, etc. but also its
dominant advantage that it is considered as anoseimrstructural material.

In recent years, the common point view about cdecras a durable
maintenance-free construction material has beenngdth The insufficient
consideration of durability during the design pixgiethe inadequate execution and
maintenance are some reasons that reinforced d¢enstreictures did not perform as
well as it was expectgiovacs, 2000)

Corrosion of concrete reinforcing steel is consedeone of the most serious
problems facing the reinforced concrete structutdsre than 80% of reinforced
concrete structural damages around the world ansech by the corrosion of steel
(Franciskovic and others, 2006)

The problem of reinforced concrete corrosion issider also as an economical
problem, some countries like U.S. and U.K. spemidneds of millions of dollars yearly
for repairing structural damages resulting fromni@iced concrete corrosion problem.
This problem is clearly manifested in many otheurtiers, especially in the Middle
East AregEl-Reedy, 2008)

1.2.Corrosion Problem in Gaza Strip

Gaza strip is costal area which has 40 Km coastim¢he Mediterranean Sea.
This location with the associated environmentalditbons may have a considerable
influence on the deterioration of existing concr&tectures, especially steel corrosion.

Although the problem of reinforced concrete comastommon appears in Gaza
Strip area from common practice, few researches dtadied this problem. Some
factors like inadequate concrete cover, qualityvafer or admixtures uses in the mix
design of concrete, seashore climate affects, mty be some factors causing this
problem.

A survey of forty case studies for assessment wtiag damaged structures in
Gaza Strip showed that the main cause of defectsxisting buildings was
reinforcement corrosion, with about 31% of the es@8bu Hamam, 2008)

Figure 1.1 show photos of some corroded reinforcedcrete beams. These
pictures were taken from a repairing of 104 shelpject at Rafah area in Gaza Strip,
executed by the United Nations Relief and Worksreyg UNRWA) 12-2006.
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Chapter 1 Introdwarti

Figure 1.1: Some Pictures of Corroded Reinforced Concrete Beams

(Repairing Of 104 Shelters Project at Rafah Area In Gaza Strip, Executed By UNRWA 12-2006)

1.3.Research Problem and Scope

This study will deal with the problem of corrosiofireinforced concrete beams.
The aim of this research is to evaluate the efiicyeof repairing techniques for solving
this problem, from a structural point view.

In this research, repairing techniques will be ggaplfor corroded reinforced
concrete beams. These repaired corroded beamsbwiltested to evaluate their
structural performance. Although many previous igsidhave discussed the reinforced
concrete corrosion problem, this study will focua the problem of structural
performance of the repaired elements.

This research will cover small_scale corroded writdd concrete beams with
steel reinforcement and normal weight concrete-siessed and or high strength
concrete elements will not be covered by this study

1.4.0Objectives

Research The main objective of this study is toemheine the structural
performance of repaired corroded reinforced coecreéams and how to assist
engineers in properly applying successful repaitaupniques in real life application.

To reach this goal, sub main objectives where detexd as follows:

1. To impose corrosion for reinforcing steel bars eddeel in reinforced concrete
beams.

2. To determine the strength capacity of corrodedioeted concrete beams.

{2}
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Chapter 1 Introdwarti

3. To apply a successful repairing technique for mpgithe corroded reinforced
concrete beams.

4. To determine the strength capacity of repairedattad reinforced concrete beams.

5. To investigate the validity of using ACI code intelenining the flexural capacity of
repaired beams.

1.5.Methodology
To achieve the research objectives the followinghodology was followed

1.5.1. Literature Review

In this section previous research works relatetthéosubject of the undertaken research
were reviewed to identify main concern aspecthefgroblem and its repair.

1.5.2. Testing program

The test program is developed based on full unaledstg of the problem. It is designed
to achieve the research problem. Influencing fact@orrosion mechanisms, repair
materials and techniques, testing setups, etdullyeconsidered in this step.

1.5.3. Experimental Work

The details of the test program are addressed is1 dtep. These include testing
equipments, number and size of tested beams, @mmrasechanisms, casting, curing,
materials, etc.

1.5.4. Results and Discussion

After finishing the experimental study, the tessuiés are obtained, analyzed and
discussed to investigate the targeted objectives.

1.5.5. Conclusions and Recommendations

Conclusions and recommendations reached basedeotesh results are proposed for
use by engineers in Gaza Strip to decide on amaopti and effective way for repairing
corroded RC beams in the real life application.

(3]
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Chapter 1 Introdwarti

1.6.Thesis Organization
The thesis contains seven chapters organizedlas/$ol

Chapter 1(Introduction)

This chapter gives a general background about éweforced concrete structures
corrosion problem, research problem and scopectgs and methodology used to
achieve the research objectives. Also it desctibestructure of the thesis.

Chapter 2 (Corrosion of Steel in Concrete “BasicSCauses and Effects”)

This chapter discusses the concept of corrosiosted| in concrete, its mechanism,
types, causes and structural effects.

Chapter 3 (Repair of Corroded Reinforced Concrete 8Buctures)

This chapter reviews the techniques of repairingrocted reinforced concrete
structures, main steps to execute repair and theuton methods of repairing.

Chapter 4 (Material and Test Program)

This chapter contain description of testing progrardiscuses general preparation used
and difficulties face the test program, the materiased for constructing beams,

concrete mix design job, repaired materials andispen design. It also describes the
experimental set-up, corrosion process set-up, brepairing set-up and beams flexure
testing procedure.

Chapter 5 (Test Results)

This chapter illustrates the test results includihg electrochemical results, visual
inspection and flexural test results.

Chapter 6 (Discussion of Results)

This chapter discusses the results and shows sitsesummary drawn from the test
results chapter.

Chapter 7 (Conclusions and Recommendations)

This chapter includes the concluded remarks, mamelasions and recommendations
drawn from this research.

[a]
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Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

Chapter 2: Corrosion of Steel in Concrete (Basic$;auses and
Effects)

2.1.Introduction

Corrosion is an electrochemical process where almatlergoes a reaction with
chemical species in the environment to form a campgo The chemical species are
principally oxygen and water. The corrosion of kteg¢he process that steel is oxidized
at the anode and the electrons are released awdtdldhe cathode for the oxygen
reduction reactiofizhang and Mailvaganam, 2006)

In the case of steel embedded in concrete, therenés a porous material
containing water in the voids due to the processuahg or because of rainy weather or
any weather with high relative humidity. Thus, tbencrete will contain humidity,
which is a common cause of corrosion.

Although, it is not necessary that steel bars emibedin concrete to be
corroded, this happen because concrete has a tiglemtration of the oxides calcium,
sodium, and magnesium. These oxides produce hyteexhat have a high alkalinity
when water is added (pH 12-13). This alkalinitylwitoduce a passive layer on the
steel reinforcement surface; consisting of oxided hydroxides for iron and part of
cement. This layer is dense and prevents the caucerof corrosiofEl-Reedy, 2008)

Figure 2.1 shows a diagram of passivation of sieetoncrete under normal
conditions(AL-Ostaz, 2004)

Passivation of Steel in Concrete

Al gling anvimonmeant proiEcks rinforcing
ghec| Imem cofrosan

Covarabs pH 1287408

Heintaang Stoe

Poampi wlivgg Loy
[ e e

Figure 2.1: Diagram of Passivation of Steel in Concert (AL-Ostaz, 2004)

This passive layer is, however, can be broken wdahon dioxide enters the
concrete and reaches the steel-concrete interfhigis called carbonation.
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Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

Another powerful destroy of the steel passive lagehe present of chloride salt
in concrete. Chloride ions are introduced into ¢bacrete by marine spray, industrial
brine, deicing agents, and chemical treatments.s@hehloride ions can reach the
reinforcing steel by diffusing through the concrete by penetrating cracks in the
concretg AL-Ostaz, 2004)

2.2.Corrosion Mechanism

After the passive layer is broken down, rust wplpaar instantly on the steel
bar’s surface. The chemical reactions are the samases of carbonation or of chloride
attack(El-Reedy, 2008)

During the corrosion process, current flows in asell loop. In addition to
electrons flowing through the steel, an externakesu is carried through the pore
solution of the concrete by the movement of changed to complete a closed loop.
The external current consists of negatively charggdroxyl ions moving from the
cathode to the anode, and positively charged ferrmos moving from the anode to the
cathodgKepler and others, 2000)

Equations 2.1 through 2.4 describe the anode atidoda steel corrosion
reactions as followWEl-Reedy, 2008)

The anode reaction:

2FeM - 2F* +4¢” (electronspassto cathodg Eq. 2.1

The cathode reactions:

2H,0+0, +4e [MJ - 40H" (electronspassto anodg Eq. 2.2

2Fe+2H,0+0, M - 2Fe(OH), (ferroushydroxide Eq. 2.3

2Fg(OH)2 0 P21 — FeO,nH,O (hydratedferricoxidé rust') Eq. 2.4

Figure 2.2 shows a diagram of rust formation oelsteinforcement in concrete
(AL-Ostaz, 2004)
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The hydroxide -
Iron hydroxide ?“'t‘:"!" °"“’:'m5 droplet
farms and B SR i
precipitates
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Electrachemical
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by the energy of
oxidation continues
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| Process,

Anode action
causes pitting
of the iron.

Cathode action
reduces oxygen
fram air, forming
hydroxidea ions,

Figure 2.2 Diagram of Rust Formation on Steel Reinforcement in Concrete (AL-Ostaz, 2004)

2.3.Corrosion Electrochemistry (Cells and Half Cells)

The terms ‘anode’ and ‘cathode’ discussed in thimpter come fror
electrochemistry whicls a basicof Daniell cell seen in Figures 2.3.

Daniell cellillustrates how chemical reactions produce electricity. Thd =
composed tawo ‘half cells’, coppern copper sulphate andnz in zinc sulphate. Th
total voltage of thecell is determined by the metals used and by there and
composition of the solutio (Broomfield, 1997)

The electrode at
which oxidation
occurs is called the:

Zine loses electrong
rnore: readily thian
copper.

Zn
Zinc metal gives l Copper metal
up 2 electrons Y dagnpsiis; on the
and goes into o4 k copper cathode
agueous solution|  Zn bﬁﬁ reaction
- Z o4 2e 2+ -
n(s) =~Zn (aq) + 2e Cu (ag)+2e » Culs)

Porous barrier allows The ion transport

must be chargs
anuivalant tn the
electron flow.

2-
S04 lons passage, but
blocks Zn and Cu ions.

Figure 2.3: The Daniell Cell (Broomfield, 1997)

What is happening is that in each half cell theaiis dissolving and ions a
precipitating. ©pper is more resistant to this reaction than smavhen connect tt

()
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two solutions by asem-permeable membrane (which allows charge to be et
through it but the iongannot pass through). When connecting two metals with
wire, the zinc goes intsolutior andthe copper from the copper sulphate solution p
out (is deposited) on the copper elect (Broomfield, 1997)

Half cell potentials are a function of concentrates well as the metal and 1
solution. A more concentrated solutio generallymore corrosive than a dilute ¢, so
a current will flow in a cell made up of a singletal in two different concentrations
the same solutio(Broomfield, 1997)

When a metal such as steel is in an electrolyis ghan aqueous solution ich
can carry ions such as water with some rock salbiation) then a corrosion cell ¢ be
formed. A m@rt of the steel in the electrolyte forms the anaddanother part of the
steelalso in the same electrolyte forms the cathoderdSmm in this cse would be
occurring at all the anode points which are disgeraround the steel. This gives
appearance of general or uniform corro (Chess, 1998)

It can beconsideed the corrosion of steel in concrete as a conceatratel.
That is the caxistence of passive and corroding areas on the samforcemer bar
forming a shoreircuited galvanic cell with the corroding areathe anode and tr
passivesurface as the cathc. The voltage of such a cell can reach as hig0.5V or
more, especiallyvhere chloride ions are present. The resultingeturflow (which is
directly proportional t the mass lost by the steel) is determined by tleetrétal
resistance of the concrete and anode and cathodeaction resistan (Newman and
Choo, 2003)

Figure 2.4is a «chematic of micrceorrosion cells on steel's surfi, regions
labeled (A)are the anod areas where metal is dissolvinggionslabeled (C) are
cathodic areas where no corrosio occurring. The arrows represent the current
(Chess, 1998)

NN NN

Figure 2.4: Schematic of Micro-Corrosion in Steel Reinforcement (Chess, 1998)
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2.4 Black Rust

This type of corrosion occurs when there is a laligeance between anode
cathode locations analso if oxygen is not available. This usually oscum cases ¢
buildings immersed in water or when a protectiwetaprevents presence of oxy:
(El-Reedy, 2008)

In this type of corrosion (known as ‘black’ or ‘greenst due to the color of tt
liquid seen orthe rebar when first exposed to air after breakthg)iron as F** will
stay in solution. Thisneans that there will be no expansive forces tokctiae concret
So corrosion may not be detec. It is potentially as there is nodication of ©rrosion
by cracking and spatig of the concrete and the reinforcing steel be severely
weakened before corrosion is dete (Broomfield, 1997)

2.5.Pit Formation

Corrosion in steel bars starts by forming a smi, ater that, the number of p
will increase with time and then the combination of éhp#s causes a unifo
corrosion on the surface of the steel bars. Thi®hsgious in the case of a st
reinforcementexposed tccarbonation or chloride effect$he uniform corrosion an
pitting corroson are illustrated in Figus 2.5-6.

Many chemical reactions describe the formationitsf @nd, in some cases, the
equations are complicated. But the general priecgdl pit corrosion is very simpl
especially in cases of chloride atte (EI-Reedy, 2008)

Figure 2.5: Uniform Corrosion (El-Reedy, 2008)

Figure 2.6: Pitting Corrosion (El-Reedy, 2008)

At some suitable site on the steel surface (othought to be a void in tr
cement paste or a sulphide inclusion in the stded)passive layer is more vulnerable
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Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

attack and an electrochemical potential differeatteacts chloride ions. Corrosion is
initiated and acids are formed; hydrogen sulphidenfthe sulphide (MnS) inclusion
and HCI from the chloride ions if they are presdrdn dissolves (Equation 2.1), and
the iron in solution reacts with water (Equatiors-@):

Fe* +H,0 - FEOH +H"* Eq. 2.5
MnS+2H" M - H,S+Mn* Eq. 2.6

A pit forms, rust may from over the pit, conceritrgtthe acid (H), and
excluding oxygen so that the iron stays in solutmmeventing the formation of a
protective oxide layer and accelerating corrog®roomfield, 1997)

2.6.Bacterial Corrosion

Bacteria are another cause of corrosion. Becaustera exist in soil, the
foundation is considered the main element expoeethis type of corrosion. These
bacteria will convert sulfur and sulfides to suifuacid. The acid will attack the steel
and then cause initiation of the corrosion proc€ker bacteria that attack the sulfide
exist in the steel reinforcement FeS due to reastid@his type of corrosion is often
associated with a smell of hydrogen sulfide (roteggs) and smooth pitting with a
black corrosion product when steel bars are exptsexbil saturated with wat€El-
Reedy, 2008)

2.7.Stray Current Corrosion

Stray current corrosion (such as a nearby pip@ireC electric railway lines) is
a type of localized corrosion caused by the elesitcircuits to the steel reinforcement.
Corrosion takes place at the anode, the point wihereurrent leaves the metal to return
to the power source or to ground. Stray currentosoon is difficult to diagnose since
the point of corrosion does not necessarily occegrrthe current sourcgsingley,
1985)

2.8.Causes of Corrosion

2.8.1. Introduction

There are two main reasons for corrosion of steetancrete: chloride attack
and carbon dioxide penetration, which is calleddadonation process. There are also
other reasons, such as the presence of certainicdsnmside the concrete and voids
that affect the steel. Moreover, some acids, sscsuifate, will attack the concrete and

(10)
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Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

cause concrete deterioration and corrosion of astglthen break the concrete alkalinity
around the steel ba(kl-Reedy, 2008)

However, significant corrosion does not occur fi@esin concrete that is either
very dry or continuously saturated, because bothaad water are necessary for
corrosion to be initiated. Steel will remain coforsresistant in concrete if the concrete
cover prevents air and water from reaching the eldbe reinforcemeniKepler and
others, 2000)

2.8.2. Chloride Attack

Chlorides can attack concrete from more than onmcgo The first source is
from inside the concrete during the casting practss second is to move to concrete
from outside to inside.

When casting takes place, chlorides exist in caaae a result of the following
(EI-Reedy, 2008)

1. Using seawater in the concrete mix.
2. Aggregate that contains chlorides that can be vehaled.

3. Using additives that have higher chloride contbantthat defined in the
specification.

4. Water used in the concrete mix that has a highetbeu of chloride ions
than that allowed in the specifications.

Also chlorides can propagate inside concrete fioeneixternal environment by:
1. Concrete exposed to seawater spray or continuqussare to salt water.
2. Using salt to melt ice.

3. Presence of chlorides in chemical substances tit@tkathe concrete
structure, such as salt storage.

The effect of chloride salts depends to some exierthe method of addition. If
the chloride is present at the time of mixing, thécium aluminates (C3A) phase of the
cement will react with the chloride to some extaftemically binding it as calcium
chloroaluminate. In this form, the chloride is ihdwe in the pore fluid and is not
available to take part in damaging corrosion reacti The ability of the cement to
complex the chloride is limited, however, and dejseon the type of cement. Sulfate
resisting cement, for example, has a low C3A cdngemd is therefore less able to
complex the chlorides. In any case, experience estggthat if the chloride exceeds
about 0.4% by mass of cement, the risk of corrosimreases. This does not
automatically mean that concretes with chlorideelgevhigher than this are likely to
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Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

suffer severe reinforcement corrosion. This depamdthe permeability of the concrete
and on the depth of carbonation in relation to tdwower provided to the steel
reinforcemen{Newman and Choo, 2003).

2.8.3. Carbonation

Carbonation is the result of the interaction ofbcar dioxide gas in the
atmosphere with the alkaline hydroxides in the cetec Like many other gases carbon
dioxide dissolved in water to form an acid. Unlikest other acids the carbonic acid
does not attack the cement paste, but just nezdglihe alkalis in the pore water,
mainly forming calcium carbonate that lines thegsoas given in Equation 2.7 and 2.8
(Broomfield, 1997)

CQ,+H,0W - H,CO, (Gas Water Carbonic Acid) Eqg. 2.7

H.CG, +C6(OH)2 [~ CaCQ +2H,0 (Carbonic Acid Pore Solution) Eq. 2.8

Calcium hydroxyl exists in the concrete and incesabte concrete alkalinity that
maintains a pH level of 12—-13; after carbonatescitinside the concrete and spread, it
will form calcium carbonate. As seen in equation @nd 2.8 the value of pH will be
reduced to the level that causes the corrosiorhéosteel reinforcemer(El-Reedy,
2008)

Carbonation damage occurs most rapidly when treremall concrete cover
over the reinforcing steel. Carbonation can oceg@nenhen the concrete cover depth to
the reinforcing steel is high. This may be due teey open pore structure where pores
are well connected together and allow rapid CO2esg It may also happen when
alkaline reserves in content, high water cemenb rand poor curing of the concrete
(Broomfield, 1997)

2.9.Corrosion Rate

The corrosion rate is considered the most importaator in the corrosion
process from a structural-safety perspective anthenpreparation of the maintenance
program for the structure. This factor is consideaa economic factor of structural life,
when the corrosion rate is very high, the probgbiif structure failure will increase
rapidly and structural safety will be reduced r&pidl-Reedy, 2008)

During the last decades, many physical and matheahahodels have been
introduced to estimate the time of corrosion itida and propagation. The first
numerical model of this kind was developed by Guleli, in which he employed the
Fick’s second law of diffusion and indicated thdfusion coefficient is one of the most
important parameters in service life prediction.ttila model was one of the first
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attempts to predict the service life of RC struest As shown in Figur.7, the concept
of this modelis to divide the serviceme of the structure intogT(t init), as the time to
corrosion initiation, and ; (t prop), as the time of corrosion propagation until fai
occurs(Alizadeh and others, 2006)

Acceptable limit

Penetration of CO, and

CI toward reinforcement
-

Degree of corrosion

- 1 .
Ginit i prop Time

Lifetime or time before repair

Figure 2.7: Tutti’s Model for Corrosion Process of Steel in Concrete (Alizadeh and others, 2006)

On the other hand, typical corrosion rates of steeVarious environment:
situations have been reported in recent \. According to Ting(1989), the average
corrosion rate,  for passive steel in concrete attacked by chésrids abou
10Qum/year (Ting, 198€). According to Mori and Ellingwood(1994), the typical
corrosion rate, ¢ is a timeinvariant random variable described by a lognor
distribution with mean , of 50 um/year, and coefficient of variation,, of 50% (Mori
and Ellingwood, 1994)

Because the corrosion rate changes with environnmremtaccurate data a
available to predict the real corrosion . However, there are many empirical formu
to calculatethe corrosion rate, these formulas changes acaprttinthe corrosiol
reasons, for example in the case of carbonatiack. Table 2.1gives values of th
corrosion rataccording to the relative humid (El-Reedy, 2008)
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

Table2.1: Corrosion Rate According to Relative Humidity (EI-Reedy, 2008)

Cement Content (c),> CR,” and £,

Relative

humidity
(%) 40 50 60 70 80 90 95 98 100
c(CEMIb) 460 460 460 460 485 535 570 595 610
c (CEM2b) 360 360 360 360 380 420 445 465 480
c (CEM3b) 340 340 340 340 355 395 420 440 450
c (CEM4b) 230 230 230 230 240 265 285 295 305
CR 0.3 0.3 3 2 5 10 20 50 10
ip 330 330 330 50 20 10 5 2 10

@ Kilograms per cubic meter.
b Micrometers per year.

¢ Year.

The corrosion rate depends on different fac so if it possible ti control these
factors, the corrosion rate will be Ic The main factor that affects the corrosion rat
the presence afiater ancoxygen, especially in the cathode zone shown inrlFigure
2.8 (El-Reedy, 2008)

Oxygen

e

-Q J,C)xv en — .
. ve Conerete electrical resistivity Concretel | Concrete

| l:ﬁc] - ‘propagatiﬂﬂ ‘,)\,\7&\,\ | cover

el O rs
- CP B! lCath{:)dc *  Anode
el steel
"L O_“, Q - " .Concrete ~ - ©;
Q- e vt e O
- Q: N OOL O Q-

Figure 2.8: Factors Affecting Corrosion Rate (El-Reedy, 2008)

The second important factor affecting the corrogiate is the moving of tl
ions inside the concrete voids around the steefamiement. If the speed of mov
ions is very slight or prevented, the corrosior natill be very slow o or, in the ideal
case, prevented. This case may happen when theeteraround the steel b has a
high resistance to electrical conductivity betwaeande and cathoc The measurement
of electrical resistivityto the concrete surrounding the s reinforcement can give 1
an assumption of the corrosion rate and the cheémaaatior rate(El-Reedy, 2008)

[ 1a )
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

2.10. Corrosion Structural Effects

Among the different deterioration mechani: occurring in concrete structure
the corrosion of reinforceme is the most detrimental one. Their consequel whether
due to concrete carbonation or tc excessive chloride content in the concrete, c:
classified into three main grouas seen in Figure 2(Rodriguez & Ortega, 2006)

1. Those, which affect the reirrcement section, reducing the effective area
ductility.

2. Those, which are related to concrete intec

3. Those, which affect the interaction conc _ reinforcement due to the bc

reduction.
[ Loss of Cracking Bond
integrity reduction

W
Mechanical Crn;s
- section
prop. (cuctility) reduction

e,

CAPACITIES REDUCTION

P
LOAD BEARING AHD SERUICEABILITVJ

L

Figure 2.9: Reinforcement Corrosion Effects on Concrete Structures (Rodriguez & Ortega, 2006)

However, the rast problems that occur because of corrosion el gteconcrete
are due not onlyo the shortage in the steel section but alsolt@fahe concrete«cover.
Many studiesand much research have been conducted to calcilatemount o
corrosion occurrin@gnd causing the concrete cover to fall. It has eend that crack
may occurin cases of reduction 0.1 mm from steel reinforcement sections, in
some casesnuch less thail0.1 mm,depending on the distribution of oxides and
ability of concrete to withstand the stresses, as well agligtabution of ste¢ (El-
Reedy, 2008)

The reason of concrete cover failing refer to thet that the ru occupies a
much larger volume than the original steel and esukebuildup of bursting forces ¢
the surface of the reinforcement. Because congseteeak in tension these bursti
forces quickly cause the concrete to crack paratigdhe reinforcemet direction and

[ 15 ]
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

eventually, to spall away from rebaHowever, corrosionis a complex mixture ¢

oxides, and hydroxides and hydrated oxides of $taeé | volume ranging from twic

to about six times that of the steel consumed ¢alyee it. The magnitue of the rust
incremental are variousccording to various steel oxides generatgdhown in Figure
2.10(AL-Ostaz, 2004)

Note that the concrete cover in the corner is npooae to falling because it is
largely exposed area for the penetratiorcarbon dioxide or exposure to chlorides
well as oxygen. Therefore, concrete cracks oftgopea faster in this situati (El-
Reedy, 2008)

A

Fe
FeO

Fe;0,
Fez04
Fe(OH);
Fe(OH);

Fe(OH);3H,0
o 1 2 3 4 5 6 7
Volume. cnt’

L

Figure 2.10: The Volume Change for Various Steel Oxides in Comparison With Original Volume of Fe
Equal to 1 Cm3 (AL-Ostaz, 2004)

However, n the last decades any empirical formulas were integrated
calculate the following paramet

1. The bsses in the steel reinforcement due to corr:.
2. The aack width ofthe concrete cover due to corrosion.

3. The pnd between the concrete and steel reinforcementheén present c
corrosion.

These parameters are mainaffected with the corrosion rate, corrosion ca
(carbonation and or chlorides atte and environmental iation surrounding th
concretg Rodriguez and Ortega, 2006)

(6]
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Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

2.10.1.Losses in Steel Reinforcement Due to Corrosion

Weight-loss of the reinforcing steel could be chldted based on the current
going through rebar. According to Faraday’s Lave tibtal weight loss of a reinforcing
steel bar that is oxidized by the passage of étecirarge can be expressed in Equation
2.9 as follows:

W, :[Tc]x%v Eq. 2.9

Where, W loss is the total weight loss of reinfogcisteel (grams), TC is the
total electric charge (amp-sec or coulombs); Eésequivalent weight, indicating the
mass of metal (grams) that is oxidized. For puremeints, the EW is given by
EW=W/n; here W is the atomic weight of the elememd n is the valence of the
element. For carbon steel, the EW is approximat@g#ns). F is Faraday’s constant in
electric charge (F=96490 coulombs, or amp-§&tang and others, 200Q)

Equation 2.9 presents the losses of steel bardetrayte, in the case of
reinforcement embedded in concrete the reductiorsteel cross section can be
expressed in equations 2.10 and 2.11 as fol{&wku and others, 1990)

¢=¢ —ab, Eq. 2.10

Where is the reduction in cross section are of steel(bar), &, is the cross

section area of steel reinforcement before corro&af), @ is the “pitting factor”, the
a values are different if the corrosion is homogersed@ = 2) than for pitting

corrosion (5< <10), P, is the corrosion rate (mm/year) which can be exga@sn
equation 2.11 as follow:

Px = Icorr Xt Eqg. 2.11

The determination of.d, depends on the environment evolution. Thus, sévera
strategies may be used for the determinatiog.efaind the loss of section with time, P
anyhow Table 2.2 gives values @flby means of the wetness tir{iRodriguez and
Ortega, 2006)

{7 ]
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

Table 2.2: Averaged Mrrosion Currents (Icorr) and Wetness Periods (wt)Rodriguez & Ortega,
2006)

o (A/CIY)
Exposure class {mean value)  w,[-]
0 Mo risk of corrosion, 0 0
very dry
Carbonation
XC1  Dry or permanent wet 0 0
XC2  Wet rarely drv 0.4 1
XC3 Moderate humidity 0.2 0.5
XC4  Cycelic wet dry 0.5 0.75
Chlaride ambients
XDI1  Moderate humidity 0.4 0.5
XD2  Wet, rarely drv 3.0 l
XD3  Cyclic, wet and dry 3.0 0.75
XS51  Airborne salt conditions 3.0 0.5
X52  Submerged Not present
XS3  Tidal, splash and spray 7.0 1
ZOnes

2.10.2.Crack Widthof Concrete Cover Due To Corrosi

The oxidesgenerated in the corrosion processvide a tension: state in the
concrete cover that will produce fii cracks, reducing consequently the cross sectit
the concrete element and therefore their load be capacity Several empirical
expressions have beeeveloped, that can evaluate the crack width ¢ cover. The
following function, as a direct funion of the corrosion attack a several geometric
and mechanical paramet can express the crack width of concrete cover di
corrosion as given induation2.12(Alonso and others, 1998).

w= 005+ B[P, - P,] Eq. 2.12

Where w isthe crack width in mi (W< 1.0mm), Bis a factor depending ¢

the bar positiondan be estimatefrom Table 2.3), R is the attack penetratii in

microns and fg is an attack corresponding the crack initiation¢an be estimatefrom
Table 2.4); and.

(18 ]
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

Table 2.3: ,B Values for Crack Width Calculations (Alonso and others, 1998)

Mean values Characteristic values

Upper bars Lowerbars  Upper bars  Lower bars

B 0.0086 0.0104 0.01 0.0125

Table 2.4: P, Expressions for Crack Initiation (Alonso and others, 1998)

Mean values Characteristic values
Pxg=a+bc/d + by 1, (3)
a 74.5 B35
b, 73 7.4
b, —17.4 —22.6

Where Px, = the attack in pum; and c/¢ = the
cover diameter ratio.

2.10.3.Lossesf Bond between the Concrete and Steel
Reinforcemen Due To Corrosion

The concretesteel bond is the responsible of the bar anchar the reinforced
concrete membegnds ancthis is responsible fathe composite behavior members.
However, corrosiomprovoke: a reduction irbond due to the cover cracking and stirr
corrosion. Tocalculate theconcrete—steel bonthe following expression may be u:
(Rodriguez and others,2006)

1. For residual bond assessment. Ta2.5 shows empirical expressions that all
obtainingrealistic residual bond values. All of them are regsed depending on t
attack penetration,P

Table 2.5: Relationship between Bond and Px in mm (Rodriguez and others, 2006)

Bond strength (MPa)

With stirrups No stirrups

Mean values

525 —272P, 300—476P,
Characteristic values 4.7 2.5

75— 4.64 P, 250 — 6.62 P,

[5)
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

2. For intermediate cases where the amount of stiriapkw, below the actus
minimum, or the stirrups capacity can be stronglguced by corrosion effes,
expressions of 8ble2.6 may be applied.

Table 2.6: Bond Values for Cases of Intermediate Amount of Stirrups (Rodriguez and others, 2006)

Mean values Characteristic values
fy 8.25+ m(1.10 + P,) 10.04 + m{1.14 + P,)
m —4.76 + 2.04(p/0.25) —6.62 + 1.98(p/0.25)
p n [(b, — Xl n [, — Xyd]?

where ¢» = the inifial longitudinal diameter in mm; &, = the
transversal diameter in mm; n = the number of transversal
reinforcements; « depends on the type of corrosion; and
f, = bond strength.

These expressions are of application wi values betweef, 05 and 1mm with
p <0.25.

3. For relationship between bond and crack width, sevexgressions have be:
developed for relating the residual bond with theck widthexpressions cTable
2.7 may be applied.

Table 2.7: Relationship between Bond fb (MPa) and crack width w (mm) (Rodriguez and others, 2006)

Stirrups No stirrups
Mean values f, =18 — 052w i, =3.19 — l.06w
Characteristic f,=4.66 — 09w f, =247 — 1.538w
values
2.11. Corrosion of Reinforced Concrete Structures in Gaz&trip

Reinforced concrete buildings in Gaza Strip hadeapgd since 950 or earlier
and have been useddely since 1970. Although fewtudies consided the causes of
building damages in Gaza Strip, it is clear froomomon practice thathe corrosion
problem ofreinforcing ste¢is considerable. This may refer to the fact thaz&Strip is
a costal areand have shore clime.

A recentsurvey study shows thathe existing of buildings damages due
exposure conditions such as temperature, relativ@dity, and concentration of salts
the atmosphere where the rea: of 49% for assessment requs in Gaza Strip.
Furthermore, theseonditions played an important role in deterionatad concrete an
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Chapter 2 Corrosion of Steel in Concrete (Basics, Causedfstts’

hence corrosion akinforcing steel that constituted 3186 the damages in the survey
casegAbu Hamam, 200¢).

Figure 2.11shows the reinforcing steel corrosion problem @ngnbuildirgs in Gaza
Strip.

Cracks along Steel Bars. Local Spalling of Concrete Cover.

Complete Spalling of Concrete Cover. Corrosion of Exposed Steel Bars.

Figure 2.11: Steel Reinforcement Corrosion in Different Defects Buildings in Gaza Strip

(Abu Hamam, 2008)

Once the assessment a damaged structure has been completed, decisi
repair should be taken. In fact there are few lagsiitutions and consulting firmin
Gaza Strip having practiciexperience in assessment and evalu of damages of
existing structures. These include Association of Bgineering, theMinistry of Public
Works and Husing, the IslamiUniversity of Gaza, thdéJnited Nations Relief an
Works Agency UNRWA) in addition to some engineericgnsulting firms

There are no unified standards or technical spetifios used in repairing
reinforced steel corrositused in Gaza Strip. Anyhowany rehabilitation projecideal
with the reinforcing steel corrosion problehave been executed in Gaza -
Rehabilitation of water tanksexecuted by He Palestinian Water Author in

(21 ]
% This PDF was created using the Sonle PDF Creator.
To remaye this matenmark, pheass boanss BT e | el sinhech S nm



Chapter 2 Corrosion of Steel in Concrete (Basics, CaasesEffects)

cooperation of a local consultant office and Rapgiof 104 Shelters Project at Rafah
Area in Gaza Strip executed by UNRWA are some exesnpf these projects.

The main repairing steps used in these projects afollows:

1. Removing contaminated cracked or defective concrete

2. Cleaning of reinforcement and adding more reinfuycsteel bars if

needed.

Adding protection to the reinforcement.

4. Adding bonding agents to concrete and apply anemcrete layer by
using normal concrete mortar or special repairirzgemals.

w

However these repairing methods depend on the eaginy experiences and no
structural performance testes were applied forethepairing methods to check the
safety of the repaired structures.

2.12. Concluded Remarks

1. Corrosion of reinforcing steel imbedded in concrédean electrochemical
process and mainly caused by chloride attack amdntwon dioxide penetration.

2. There are many types of corrosion such as bladk piormation bacterial and
stray current corrosion. These types consist agugprdo the condition of
corrosion.

3. Corrosion of steel reinforcement has a direct afbecthe structural performance
of the structural elements, that's because of npamgmeters such as:

a) Losses in the steel reinforcement cross sectia@udiility.
b) Losses of the concrete integrity.
c) Losses in the pond between the concrete and sieénmcement.

However, many empirical formulas were integrateddtzulate these illustrated
parameters.

4. Gaza Strip is a costal area and suffering fromcthreosion problem. A survey
on 40 defects buildings in Gaza Strip shows thatoston of reinforcing steel
was the first reasons of damages which constit8i€d of the total reasons of
buildings damages.

Therefore, it is important to investigate the cerom problem and repairing
techniques that might be used in repairing corrosiamaged structures in Gaza Strip.
An experimental investigation would assist engiserrdealing with this problem and
increase the level of confidence in used repaitaaghniques. One challenge of such
investigation is to be able to induce corrosioroaeinforced concrete members.

{22\
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Chapter 3 Repair of Corroded iifeiced Concrete Structures

Chapter 3: Repair of Corroded Reinforced Concrete Buctures

3.1.Introduction:

Before approaching corroded reinforced concreteucsires repairs,
consideration must first be given to the causénefpgroblem. This is fundamental to the
success or failure of the repair, and lack of adeguattention at this point can
jeopardize the whole job.

To find the causes of deterioration a structuraimant, assessment methods and
different measurement methods will be needed. Thwlsbelp in deciding on the cause
of corrosion and present and future deterioratibthe structur§Newman and Choo,
2003)

However when the cause of the problem becomes, dearof the major issues
facing any consultant or owner of a structure suftefrom chloride or carbonation
induced corrosion is what type of repair to undestan fact there are many repair
techniques such as: coating and sealants, specigdatch repair materials, options for
total or partial replacement, cathodic protectiohloride removal, realkalization and
corrosion inhibitors. These can be applied to stmes suffering different degrees of
corrosion due to chloride attack, carbonation combination of the two.

The practical solution for most owners of indivitlaarroding structures will be
to take advice from structural engineering consuiltar a corrosion specialist. Advice
may also be sought from materials suppliers andigbprs about their own particular
system and consensus will be reached about the effestive repair to the structure
based on local knowledge, experience and avaiipbdf materials and systems
(Broomfield, 1997)

To determine the way of repairs, many alternatiaes available to the
maintenance engineer in attempting to combat detgion and keep the structure in its
original condition. These may be grouped into thibeead categorie¢Vorster and
Others, 1992)

* Protection.
» Patching.
+ Rehabilitation.

All these alternatives are maintenance operatigvisile the work involved is
not necessarily minor, it is limited by the facatht does not involve any change to the
original functional characteristics of the struetur

{23\
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Chapter 3 Repair of Corroded iifeiced Concrete Structures

3.1.1. Protection

Protection is defined as the processes which ugsigatl barriers such as
waterproof overlays or membranes halt or slow thecgss of deterioration.
Electrochemical methods can also be used to remblides or upset the required
chemical actions. These alternatives are viableleierioration has not progressed
beyond certain limits.

3.1.2. Patching

Patching is defined as the process whereby snllif®d areas of deterioration
in the structure are repaired by removing the dmtmled concrete, cleaning any
corroded reinforcing steel, and replacing the cetecwith a substitute material. The
objective is to reinstate the original characterssof the structure as far as possible.
There is no expectation of increased life and patcldoes not enhance the original
functional characteristics of the structure.

3.1.3. Rehabilitation

Rehabilitation is more extensive than patching.geaareas of chloride and or
carbonation contaminated or deteriorated concrete sgstematically removed, the
corroded steel is cleaned, and the area is repawtd materials similar to those
originally used. The objective is to repair theaate a standard at least equal to that
found in parts of the structure that are not coimated.

The alternatives for reversing deterioration setinurigure 3.1(Vorster and
Others, 1992)and the definitions of protection, patching andatalitation presented
above may give the impression that any project matgil the selection of a single
alternative. However, as most projects employ a ofixalternatives to achieve the
desired result. This is particularly true insofa @enovation and rehabilitation are
concerned. Most projects involve an element of both

Renovation to bring the structure as close to ctrs¢gandards as possible and
rehabilitation to systematically remove and repa@as where concrete and steel have
been damaged by the ingress of chlorides and booation.

[ 2 ]
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Chapter 3 Repair of Corroded iifeiced Concrete Structures

Mew structure
IS sound and adequate

Deterioration
Reduced adequacy
relative to ‘as-new’ condition

A

Reduced adequacy relative
o most suitable replacement

old struclure become
structurally deficient or
funclionally ohsolele over
time

—— Protection

Maintenance actions o |
|/——  Patching =1 10 Feverse
deterioration

I Fehabilitation -=+—

—  Renovation =+

Reconstruction
mlnm w FEVErse p—————

ohsolescence

b Reconstruction =+

Figure 3.1: Alternatives for Reversing Deterioration and solescence (Vorster and Others, 1992)

3.2.Main Steps to Executing Repair

There are several regular steps in the repair bfstalictures exposed to
corrosion. The very critical first step is to siyémen the structure by performing
structural analysis and designing a suitable locafor the temporary support. The
second step is to remove the cracked and delardicatecrete. It is important to clean
the concrete surface and also the steel bars bguwiamrust. After rust is removed by
brush or sand blasting, the steel bars should lmegolwith epoxy coating or replaced;
then new concrete can be poured. The final step jsaint the concrete member as
external protection. This is a brief descriptiontloé repair process. These steps will be
explained in detail in the following sectio(isl-Reedy, 2008)

3.2.1. Temporary Structure Strengthening

One of the most dangerous and important first stegessary for the repair is
selecting the temporary support, which depend$eridilowing(El-Reedy, 2008)
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Chapter 3 Repair of Corroded iifeiced Concrete Structures

1. Evaluating the state of the whole structure.

2. Determining how to transfer loads in the buildimglats distribution.
3. Determining the volume of repair that will be done.

4. Determining the type of concrete member that walrepaired.

As mentioned earlier, the repair process must baedaout by a structural
engineer with a high degree of experience who has cdapability to perform the
structure analysis and powerful knowledge of thadlaistribution in the structure,
according to the kind of repair. The structuraliaegr has a responsibility to choose the
right way to optimize the process of crushing anddetermine the ability of the
structure members to carry the loads that will tamgferred to them. Therefore, the
responsible engineer should design the temporgpast based on data collected and
the previous analysis and should be cautious inptiese of execution of temporary
supports.

Choosing how to remove the defective parts willblbsed on the nature of the
concrete member in the building as a whole; any benof breaking concrete has a
detrimental impact on neighboring members becatse process of breaking will
produce a high level of vibration. The temporarymmbers must be strong and designed
to withstand loads and must be transported easdysafely to the defective area. The
entire structure depends on the design and execotithe temporary supports and their
ability to bear loads safelfel-Reedy, 2008)

3.2.2. Removing Cracked Concrete

There are several ways to remove the part of therete that has cracks on its
surface and shows the effects of steel corrosibe. dhoice of the method depends on
the specification, budget and contractor’s prefeesnlIf concrete is just starting to spall
due to carbonation or if an electrochemical treatmiéke cathodic protection is
planned, then a simple repair of removing unsowrttiete, cleaning the rebar surface,
squaring the edges and putting in a sound may dx us

If patching is required due to chloride corrositnert the most specifications
recommend removing about 25 mm behind the steeh@aidng sure that the concrete
on the steel has no traces of chlorides after ¢pair process. The difference between
good and bad repair procedures is obvious in Figu@éBroomfield, 1997)
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Chapter 3 Repair of Corroded Reinforced Conci Structures

Square Edges
behind Steel 25 mm

Repair

Good

Figure 3.2 Differences between Good and Bad Repairs (Broomfield, 1997)

However, the method of removing of concrete cradégends mainly on fou
factors as followgVorster and Others, 1992)

1. Removal deptlas seen in Figu 3.3.
2. Removal area.
3. Repairing methoc.

4. Repair materiagpecificatiol.

Surface removal

Cover concrete

Matrix
concrete

reinforcing
steel

Core
concrete

Figure 3.3: Depth Classification for Concrete Removal (Vorster and Others, 1992)

Dependingon these factorsseveral methods aommonly used for breakir
and removing the defective concrete and thes explained next.
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Chapter 3 Repair of Corroded iifeiced Concrete Structures

3.2.2.1. Manual Method

One of the simplest and easiest methods is to haenaner and chisel to remove
defective concrete. This is considered one of tlwstnmexpensive ways, but it is too
slow compared with mechanical methods. However,hawical methods produce high
noise and vibration, have special requirements, a@ed trained labor. Using the
manual method makes it difficult to spare conchbatkind the steel. The method is used
in the case of small spaces and is the preferredirushe event of corrosion due to
carbonation and attacking chlorides from outsideenvit is not necessary to break
concrete behind steel. Any worker can manually lbotea concrete, but it is necessary
to choose workers who have done repair work befmredhey must be sensitive in
breaking the concrete to avoid causing cracks @ dljacent concrete members
(RILEM Committee, 1994).

3.2.2.2. Pneumatic Hammer Methods

The pneumatic breaker (frequently known as a jakiher but properly known
as a paving breaker) is currently the most prevatesthod for concrete removal in
rehabilitation work. The breaker is hand held and/gred by compressed air to deliver
a series of high frequency blows which fracturedbiecrete in a small, easily controlled
area. The production of pneumatic breakers dependsvo factors; the size of the
breaker and the skill of the operator.

Breakers are sized according to their weight. This vary from 8 to over 120
pounds (4 to 55 kg). Heavier breakers are moreymtoce because they are able to
impart more energy with each blow. They are alseentestructive. The International
Union of Laboratories and Experts in Constructioatéfials (RILEM Committee) is
typically limits the weight of breakers that canused for selective concrete removal to
less than 45 pounds (20 kg) to minimize residuakcking and preserve the bond
between the residual concrete and the repair ctsnorareas that are not removed. The
angle of attack measured from the breaker's axishéo concrete surface is also
frequently limited to 45 degrees for the same messdhe skill of the operator is
important with regard to both the quantity and guabf the work performed. This
factor must not be overlooked when assessing thbiliy of the method. Some
performance rates are about 0.025-0.3%en hour using hammers weighing 10-45 kg,
respectively(Vorster and Others, 1992)

The use of pneumatic hammers is more economicahvahsmall, rather than
large, area is to be removed (see Figure 3.4). ievgaun is preferable for large areas as
described in the following sectid&l-Reedy, 2008)
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Chapter 3 Repair of Corroded Reinforced Conci Structures

Figure 3.4: Using a Pneumatic Hammer to Remove Wall Concrete Cover (El-Reedy, 2008)

3.2.2.3. Water Je

This method has been commonly uaround the worlgince it was introduce
to the market in th&97(s (Broomfield, 1997) It relies on theexistence of water at tf
work site and on the removal c suitable depth of concrete in a large area. It rgra
fragmented concrete, clei steel bars, and removes part of the concrete behenstee
bars, as shown inigures 3.5 and 3.6. The watertjis used manually by an experienc
worker who has previously dealt with the hose, which ishpog water under hig
pressureor perhaps through the mechanical arm. Very hidgétygarecautions need
beapplied to the worker who uses it and the sitund it.

The water used must not have any materials thettatie concrete, such as t
chloride ions; in general, it must be potable waldre water gun consists of die
engines and related through pressure pump and ctaahiey hose that bears h water
pressure from 30—70IP¢ at the nozzle and at least 40 MPa. At |d&sMPa is required
to cut the concrete and the rate of water consumps abot 50 L/minute. The
performance rate of a water jet to break concsesboui0.25 ni/houl in the case of the
use of a small pumand can reach up to abcl m*/hourif two pumps or one big purr
Is usedBroomfield, 1997).

Figure 3.5: Shape of Delaminated Concrete When a Water Jet Is Used (Broomfield, 1997)
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Chapter 3 Repair of Corroded Reinforced Conci Structures

Figure 3.6: Hydro Jetting a Wall with a Robot Arm Controlled System (Broomfield, 1997)

3.2.2.4. Grinding Machine

This is used to remove concrete cover in the cédarge, flat surfaces. A
exampleis a bridge deck, as iFigure 3.7 but it must be done cautiously so that
process obreaking does not reach the steel. As in the chaeycontact between ti
grinding machine and steel reinforcement, it will cut theestbars and damage t
machine.This method of breaking delaminated concrete idoselused in the Unite
Kingdom, because insulation film is often used to prevemt Water, and it is use
sparinglyon U.S. bridges. The grinding machine is usuallgduafter the water gun
the pn@matic hammer to obtain final concrete breakdowouad and under tl steel
reinforcement. Therefore, one must take into actaumether the thickness the
concrete cover is equal. The rate of removal ofcthrecrete by this machine very fast;
it removes about 1 #fminute and its cutting part 2 m in width(El-Reedy, 2008)

3.2.3. Cleanng Concrete Surfaces and Steel Reinforcems

This phase removes any remaining broken concrdte avprocess of cleanin
At the same time, the process of assessincsteel and cleaning up and remov
corrosionfrom the roof takes plac
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Figure 3.7: Grinding Machine (El-Reedy, 2008)

3.2.3.1. Clearing Concrete Surfaces

The stage of preparing a surface by pouring the concrete is one of the m
important stages of the repair process. Beforeiegin of the primer coatin which
provides the bond between the existing old conaatethe new concrete repair, It
is frequently necessary to remove surface contants such as oil, rubber and rust fr
the work areain order to provide a sound, Ic-lasting bond between the existi
structureand the new materials used to repair or rehalE the structur (Vorster and
Others, 1992)

When cement mortar or concres used in the repair, the concrete surface
be sprayed by water until saturation can be reachbkd stage of saturation can
reached by spraying water on the surface24 hours or through wetting burl. The
water spray must be stopped andburlap removed for about 1-+Hburs, depending on
weather conditions, until the surface is dry. Ithen coated by a mix of water ¢
cement only, which is called slurry and is applidbrush. Epoxy coating can a be
used as an adhesive between newd old concrete; it is necessary to follow
manufactures specifications anwarnings(El-Reedy, 2008)

3.2.3.2. Clean Steel Reinforcement Bars

Bar cleaning necessitates the removal of rust,ricide and other unwantt
material from theexposed reinforcinsteel. The work follows the removal of mat
concrete and is extrem: important as all the chloride contaminated rust eechen:
paste must be removed to < corrosion from continuing in the backfilled con&se
Three methods are frequently us These ar¢Vorster and Others, 1992)
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Chapter 3 Repair of Corroded Reinforced Conci Structures

1. Sandblasting: The abrasive impact of sand partialeder compressed air is
effective method for cleaning exposed steel bec@#useable to remove ceme
deposits and rust to leave a bare metal fi

2. Wire Brushing: Pwered rotary wire bristle brushes can be used darclexpose
rebar. Brushes are pneumatically or hydraulicatlyesh and usually mounted or
small utility construction vehicle. Access to hiddend difficul-to-reach surfaces is
restricted.

3. Hydro demation: Sand arising from the hydro demolition preses propelled b
the high pressure water to create an abrasive #loid to clean rebar as an adju
or parallel operation to the removal of matrix orecconcrete by hydro demolitic

After cleaning the steel surface, the next step is dwvaluate the steel
reinforcement by measuring steel diameter. If flos<«-sectionalarea of the steel bars
found to have a reduction equal to or more t20%, additionakeinforcing steel bar
must be added. Bafe pouring new concrete, one n be sure that the developm
length between the new bars and the old steelis¢ enough, as shown Figure 3.8. It
is usually preferable to link the steel by drill new holes in the concrete a
connecting the additial steel on concrete by putt the steel bars in the drilled hc
filled with epoxy. However, in most cases the ¢ bars are completely corroded &
need to be replacdRILEM Committee , 1994)

|
R TR« IR D--.--.\
. o
2 /.—__-__\
Dex Len.q,th De\ Length

Figure 3.8: Installing Additional Steel (EI-Reedy, 2008)

In the case of beams and slabs that need to adtioadfl steel reinforceme
bars, it is preferable to connect the steel batlk woncrete by drilling new holes the
concreteand making the bond of the steel bars in the hojegsing adhesi epoxies.
For beam repairs, the additional steel bars asglfir a column that suppc this beam.
In the case of slabs, the steel bars are fixetiensides of the bet that is supporting
the slab, as shown iRigure 3.9 The dowelling will be fixed in tt beam side by
drilling holes to a depth of arour70-80 mm;the dowel will be fixe in the holes by
epoxy according to thesuppliers assumptions and recommendat (U.S. Army
Corps of Engineers,1995).
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Chapter 3 Repair of Corroded Reinforced Conci Structures

Dowels ©Qld Concrete

ra ¥
1 i —) e le——

/ 50 @

New Concrete

Figure 3.9: Steel Reinforcement Installation for Slab Repair (EI-Reedy, 2008)

3.2.4. New Patch Concref

After removing the damaged and contaminated coagcit must be patche.
Many proprietary patch materic around the worldare existin. The pre-bagged
materials are most likely to be applied, especi@dlysmall repair areas, but they .
more expensive than conventional cement, aggregate water mixe If repair
contractors mustneasure quantities and mix on site, it will saveneyat the risk o
less consistency and higher risk of shrinkage, pomding, etc. specialized mix desi
can be carried out by concrete expert to propump able pourable and trowel ab
mixes. Inthe United States and Canada, most of the contgaetbo work on bridg
repair use their own concrete mix, which has sewiging proportions based on t
available materials in local mark. The readymix concrete factories can provi
guarantees in sa& of corrosion due to carbonation, but if it i®da chlorides, they d
not provide a guarantee for fear of the presencehtafride after the repair process
complete. Most manufacturers of materials used ixing are field executiol
contractors, buwhen they supply materials only, they will proidll the informatior
and technical recommendations for the executiorfopeance rates to calculate t
required amount of the materials, and appropriagé¢hod of operatic (Broomfield,
1997)

3.3.Execution Methods

There are several ways to implement the repair gg®icwhich is entirel
dependenbn the type of structure member to be repairedthednaterials used in tl
repair.These methods are described in the following ses

3.3.1. Manual Method

The manual method is used in most cases, especially whwll spaces are
be repaired (Figure BJ). A wooden form can be made and then concretdegoure
into the damaged part, as Figure 3.11 in the case of concrete columns or ver
walls. One rast take into account an appropriate distance $b ttee concrete in tl
wooden form easily. This method is commonly usedtfoefficiency and has litt cost.
It does not require expensive equipment, but extensxperience in fabricatic
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Chapter 3 Repair of Corroded Reinforced Conci Structures

installingthe wooden form, and the casting proceduineededU.S. Army Corps of
Engineers, 1995)

Figure 3.10: Manual Method for Repair (EI-Reedy, 2008)

Figure 3.11: Casting Concrete On-Site (EI-Reedy, 2008)
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Chapter 3 Repair of Corroded Reinforced Conci Structures

3.3.2. Grouted Preplaced Aggrega

As shown in kgure 3.12, the aggregate should be placed with gap gradirige
areato be repaired. The next step is to make a grodtind by injecting it inside th
aggregatdy a pipe with pump to fill the gap between theraggte and the gro

This method of repair is used in repairing bridggmorts and other spec
applications.This method requires special equipment such agifieeinjection, pum|
and other speciamiscellaneous equipment. Therefore, one can coacthdt thi
method is used by private companies with high patt (EI-Reedy, 2008)

Grouting Pipe
Injection

Aggregate with
Same Size

Wood or
Steel Form

Figure 3.12: Injected Preplaced Aggregates (El-Reedy, 2008)

3.3.3. Shotcret

Shotcrete is used when large surfaces need to geered, but the mix ai
componentsof concrete suitable for the use in shotcrete rgsetial additives al
specificationsAs shown inFigure 3.13 health and safety precautions must be cay
followed for the worker using shotcrete, as it @m$ polymers and special additi\ In
the concrete mix design, the nominal maximum coagggegate size mu be defined
to be suitable to the shotcrete equipr's nozzle and pump to avi any problem
during concrete casting. Complete member castingésl when tot reconstruction is
required for the concrete member whose steel neiaefoent bal have been deplete
due to corrosion. Therefore, it is necessary tor mamcrete fc the complete memb
with full depth, as shown iFigure 3.14U.S.Army Corps of Engineers, 1995)
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Chapter 3 Repair of Corroded Reinforced Conci Structures

Figure 3.13: Using Shotcrete (El-Reedy, 2008)

Drilling Holes
using Hilti Tools

- Epoxy to
Drilling Holes Bond Steel
using Hilti Tools in Concrete

New Steel
Bars
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Epoxy to
Bond Steel
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Drilling Holes
using Hilti Tools

O

1 New Steel
:O C} Bars

1 1 [
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1 1 New
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Figure 3.14: Steps of Repair (EI-Reedy, 2008)
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Chapter 3 Repair of Corroded iifeiced Concrete Structures

Frequently, in practice (e.g., when bathrooms apmaired), the concrete slab
will be in very bad condition, so the ordinary regarocedure will not be efficient. In
this case, the entire concrete slab will be derhetis a new steel reinforcement will be
installed, and the concrete slab will be pouredstasvn in Figure 3.14. A decision to
use this method must take into consideration thelevibuilding’s condition. This
method is usually easy to apply to the bathroor Because, in residential buildings, it
is usually designed as simply supported as it dewpand 100 mm for plumping pipes
(El-Reedy, 2008)

3.4.Concluded Remarks

1. Many alternatives are available to the maintenamggneer in attempting to combat
corroded deterioration buildings and keep the sinecin its original condition.
These may be grouped into three broad categors asi protection, patching and
rehabilitation. However, before approaching cortbdginforced concrete structures
repairs, consideration must first be given to these of the problem.

2. There are several regular steps in the repairldftalctures exposed to corrosion.
The first step is to strengthen the structure. 3éwnd step is to remove the cracked
and delaminated concrete. The final step is totghanconcrete member as external
protection.

3. To remove the cracked and delaminated concretey meathods can be followed
such as manual method, pneumatic hammer methodgr wet and grinding
machine.

4. After removing the cracked concrete and cleaningncoete and steel
reinforcement’s surface, new patch concrete isss&ug. There are many execution
methods for patching concrete such as manual megiodted preplaced aggregate
and shotcrete.

5. The methods of repairs illustrated in this chaptere used to be a guide line for
repairing program used in this research as willliseussed in the following chapter.
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Chapter 4 Materials and Test Program

Chapter 4: Materials and Test Program

4.1.Introduction

Concrete is a mixture of cement (usually Portlaeohent) and stone aggregate.
When mixed with a small amount of water, the cenigulrated to form a microscopic
opague crystal lattice structure encapsulating laoking the aggregate into its rigid
structure.

Typical concrete mixes have high resistance to cesgive stresses; however,
any appreciable tension (e.g. due to bending) bvidlak the microscopic rigid lattice
resulting in cracking and separation of the comcrétor this reason, typical non-
reinforced concrete must be well supported to prethee development of tension.

If a material with high strength in tension, suchséeel, is placed in concrete,
then the composite material -reinforced concreéssists compression, bending and
other direct tensile actions. A reinforced concetion where the concrete resists the
compression and steel resists the tension can e m# almost any shape and size for
the construction industry.

The use of concrete evolved and steel reinforcemeast added to counteract
any tensile actions. Thus the susceptibility of ¢tbacrete to an aggressive environment
increased with the addition of an unstable matevlath had the tendency to oxidize in
the presence of oxygen. If the only solution isuge reinforced concrete, then certain
precautions must be taken to ensure that the stggbrcing bars do not impair the
serviceability of the entire structure. The oxidatiof the steel material is the direct
cause of the cracks and defects in the concretehwhduce the steel cross-sectional
area and weaken the bond between the concretehanceinforcement. All of these
changes directly affect the response of the retefirconcrete members subjected to
different loading conditions.

Very limited research has been conducted on thecsffof corrosion on steel
reinforcing bars embedded in concrete, and of thrufal behavior of reinforced
concrete members with corroded bars. In recentsysabstantial attention and interest
has been expressed by the engineering sector comgesteel corrosion in reinforced
concrete structures due to the occurrence of exensorrosion in infrastructure
elements worldwide and the associated large andasimg repair costs

The present work consists of carrying out an acatdd corrosion experiments,
understand and make reliable assessment of thet effecorrosion on beams. At the
same time presents a method for repairing andgttriening these corroded beams.

The present research work consider a step in tleetain, more studies on both
fundamental and applied, are needed.
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Chapter 4 Materials ar Test Program

4.2.Test program

To reach theproposedthesis objectives, aexperimentaltest program was
designed. The main objectives of this test prognaare as follos:

To design and construct small scale be
To accelerate corrosicof beams.
To investigatehe flexural capacity of these corroded be.
Applying structurallyrepairing techniques for corroded beams.
To investigate the flexuribehavior of the repaired beams.
And finally to make a comparison betweun-corroded corroded and repaire
beams from structat capacity point of view.

ouabhwbdE

To reach these objectives, an experimental tegfranoconsisted of designin:
constructing, corroding, repairing and testin flexural of fourteen reinforced concre
beams was carried outwo of these beams were tested as control beamswewe
tesed as corroded beams whsix beams were tested as repaired bt. The other four
beams were used as standby be¢ and to investigate the corrosion rate for the aed
beamsin the following sections the test program detaill be discusse:

4.2.1. Specimens Desic
Fourteenbeams with dimensior1200x150x100 mmshown in Figure4.1 and
Figure 4.2, wereised in the test progre.

2P

PEmm@350mm i
525mn 150mm S525mn
v v

eo6mMm A ST T - T I S B DT e o
2810mm WA0mm | Faee G Lo D s e e T T e isonn
10 75mm+ 1050mm — A750m
100mm n | |
P P

Figure 4.2: Steel Bars Cage

These beams were desed according to the ACI 31@8 (ACI 318-08). A
nominal bending mmen M = 9.51x10° N.mm wascalculated. All design limitatior
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Chapter 4 Materials and Test Program

to prevent shear failure according to the code weresidered usingémm stirrups @
50 mm.

4.2.2. Corrosion Process Set-Up

In order to accelerate the corrosion process, actrechemical system depends
on the concept of Faraday’'s second law, as disdyssiously, was used.

The concept of accelerating the corrosion was tteefgteel reinforcement to act
as anode in galvanic cell. That can be done by ireenBeams in aqueous solution and
connecting the steel reinforcement bars with pasiDC current generator to act as
anode while connecting the negative power supplgxiernal steel rods immersed in
the agueous solution to act as cathode. This dsndisctric circuit and force steel ions
to translate from anode to cathode as discussetbpsty.

Before finalizing the corrosion system setup, atpdtudy was done, different
current values were applied for four specimens, taedsteel embedded in the concrete
were visually inspected weekly for each differeatrent. The most effective current
which accelerate the corrosion process was usedviisbe discussed in the
experimental work section.

4.2.3. Beam Repairing Set-Up

The repairing of corroded beams depended on theepbrof patch repair as it
was discussed in Section 3.4 and Section 3.7. Henveter the end of the corrosion
process, six corroded beams were repaired. The idem of repairing of corroded
beams was cutting the unsound concrete and cledmtiythe concrete surface and
steel reinforcement bars. Additional longitudintded reinforcement’s bars were added
and fixed with shear connectors. These shear coonsewere used for fixing the new
reinforcement with the corroded reinforcement amaknalso as stirrups to prevent both
diagonal and inter laminar shear failure. Figurg@ ghows shear connectors and new
steel bars section.
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Figure 4.3: Shear Connectors and New Steel Bars Section

The second step was applying a new layer for tliimosides of beams, for this
purpose three repair materials were applied in rotdestudy the effect of the used
repairing material layers on the flexural capaatyd the crack development of the
repaired beams. The properties and specificatibttsese materials will be discussed in
the experimental work Section.

4.2.4. Beam Flexure Testing

Control, corroded and repaired beams were testesingsly supported beams
with two concentrated loads using the flexuralitgsimachine as will be discussed
later, the deflection was recorded for each loadement.

Another parameter was to record the crack developroe beams during the
flexural test.

4.3.General Preparation and Difficulties

The main difficulty during this work was how to a#ep an electrochemical
system in order to accelerate the corrosion procesdact many previous studies
discussed similar systemBazio, 1996and Kovacs, 2000are some researches who
dealt with such systems. For example Figure 4.4vshKovacs technique used for
accelerating the reinforcement corrosion process.
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current gen. ) .
= concrete prism

KATHODE

Figure 4.4: Drawing Of Steel Reinforcement Corrosion Accelerting Technique (Kovacs, 2000)

Although these systems deperon Faraday’'ssecond aw as discussed
previously, the situation in these caswere different thanit has bee stated in
Faraday’'s second lawhese differences discussed in Table 4.1:

Table 4.1: Differencesbetween Faraday’s Second Law and Corrosion Acceleted Proces

Electrochemical Reinforcement

Item Faraday’s Second Lav : .
Corrosion Acceleration Proces
lons transfer frely through the lons of steel transfer through t
1
electrolyte concrete cover arthen the electrolyte

Faraday’s Second L deals with pure Reinforcement steel an alloy

2 consisting oimany elements, not on
element
pure stee
3 Existenceof oxygen is not a conditic Existenceof oxygen is necessary

complete the corrosion press

For thesereasons Faraday's second law does napply ir the case of
electrochemical reinforcement corrosion accelengpimces.

The second difficuy that there was no machime Gaza stricthat can test the
flexural capacity ofreinforced beamsspecimens, ananual hydraulic jackwith a
compression strength capacity50 tons connected with a stéelme as seen iFigure
4.5 was used. Aressure cuge with an accuracy of1 KN was connected to the
hydraulic jackand then th machine was calibrated by a standdoadling cel.
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Figure 4.5: flexural test machine(l.U.G. Laborite’s Machine)

Another difficulty was the absence afready concrete mix desito satisfy the
specifications, dhoughthere were many mixassed in the local market, but all of the
use empirical mixes and no one sdesa known specification especiain the term of
fine aggregate specificaticThat was because the fine aggregate usecnormal sand
which found in Gaza which does rmeet any known specification.

To overcomethis problem a new concrete mwas desigred. Crushed stone
sand was sieved on Om8m sieve to reduce the percent of fines retraoredieve0.15
and 0.075 mmand thermix with normal sand to satisfy the specifica.

The material, equipment aithe carried out experimental works discussed in
the following sections in deta.

4.4.Experimental works

4.4.1. Materials

Material propertieswhich used in the test program suchcancrete, steel and
repair materia discussed as follov

44.1.1. Concrete

Concrete consist of these four mamaterials coarse aggregates, fi
aggregates, cement and we

4.4.1.2. Coarse Aggregate

According to the local market surveying, three /¢ coarseaggregate were
found. Table 4.2lustrates the sieve analysis and the properties of theses:
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Materials and Test Program

Table 4.2: Coarse Aggregate Types, Sieves and Properties

Sample Description Typel Type2 Type3
SIEVE SIZE
% Passing | % Passing | % Passing
(mm)
37.500 100 100 100
25.000 100 100 100
19.000 46.74 99.2 100
12.500 3.33 56.3 100
9.500 1.42 13.22 94.3
4.750 1.06 3.41 25.24
2.630 1.06 2.03 6.63
Dry unit weight (Kg/m3) 1436 1506 1486
Dry specific gravity 2.68 2.65 2.63
Saturated specific gravity 2.71 2.65 2.63
Absorption % 1.12% 2.42% 3%

To achieve the ASTM C33-03 standard requirementsdarse aggregate, a mix
design of these three types was prepared as simowabie 4.3 and Figure 4.6.

(

s

L

s This PDF was created usin
M Yo remove this satenmear, gleass boanss

|
aa |

the Sonic PDF Creator.



Chapter 4 Materials and Test Program

Table 4.3: Coarse Aggregate Sieve and Analysis According To ASTM C33-03

Aggregate Kind Typel Type2 Type3
% Percent 7.00% 68.00% 25.00%
Sample Coarse Aggregate ASTM C 33-03
Description Mix Of Type (1&2&3) Min max
SIEVE SIZE
% Passing % Passing % Passing
(mm)
37.500 100.0 100.0 100.0
25.000 100.0 100.0 100.0
19.000 95.7 90.0 100.0
12.500 63.5
9.500 32.7 20.0 55.0
4.750 8.7 0.0 10.0
2.630 31 0.0 5.0
Unit Weight (KG/m3) 1496
Dry Specific Gravity 2.65
Moisture Content % 0.14
Absorption % 2.47
100.0 o
90.0 //
80.0 A
70.0 -
.g 60.0 - K
w -
§ 50.0
s 40.0 -
30.0 ; ;
20.0 - A
10.0 | ,/
00 -t T
1.000 10.000 100.000
Sieve Size (mm)

Figure 4.6: Coarse Aggregate Sieve Analysis According To ASTM C33-03 Limitation
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4.4.1.3. Fine Aggregates

According to the local market surveying, two typasfine aggregates were
found, Table 4.4 illustrates the sieve analysistaedoroperties of these types.

Table 4.4: Fine Aggregate Types, Sieve and Properties

Type 1 Type 2
Sample Description
(Crushed Stone Sand) | (Natural Sand)
SIEVE SIZE
% Passing % Passing

(mm)

9.500 99.91 100

4.750 99.03 100

2.360 81.92 100

1.180 45.93 100

0.600 22.30 99.6

0.300 6.97 47.8

0.150 4.15 2.04

0.075 3.26 0.34
Dry specific gravity 2.65 2.60

To achieve the ASTM C33-03 standard for fine aggregmix design of these
two types was prepared as shown in Table 4.5 ayat&i4.7.
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Table 4.5: Fine Aggregate Sieve and Analysis According To ASTM C33-03

Typel | Type2
Percent 70.00% | 30.00%
ASTM C33-03 Fine AGG.
Sample Description | Mix Of Type 1&2
min max
SIEVE SIZE
% Passing % Passing | % Passing
(mm)
9.500 99.94 100.0 100.0
4.750 99.32 95.0 100.0
2.360 87.34 80.0 100.0
1.180 62.15 50.0 85.0
0.600 45.49 25.0 60.0
0.300 19.22 5.0 30.0
0.150 3.51 0.0 10.0
0.075 2.38 0.0 4.0
Dry Specific Gravity 2.635
Moisture Content% 0.20
Absorption% 1.80
100.00 - REEEES
90.00 -
80.00
70.00 ¥ A
o 60.00 - [ /
£ Ny
&% 50.00 - 11/ :
g 2y
X 40.00 - //
30.00 s
20.00 ’
10.00 - sy
0.00 e | ‘
0.010 0.100 1.000 10.000
sieve size (mm)

Figure 4.7: Fine Aggregate Sieve Analysis According To ASTM C33-03 Limitation
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Chapter 4 Materials and Test Program

44.1.4. Cement

Portland cement type | was used. The cement wasnalot from local market
and kept in dry location. The cement source was ISisher.

4.4.1.5. Water

Tap water, potable without any salts or chemica$ waed in the study. The
water source was the soil and material lab in Igtdgmiversity of Gaza.

4.4.1.6. Concrete Mix Design

A concrete mix was designed to obtain 28-day cosgive strength.E 25MPa,
70-100 mm slump, a maximum aggregate size of 19 amd,w/c ratio of 0.61. Table
4.6 illustrates the mix design proportions for eaghic meter of concrete.

Table 4.6: Mix Design Proportion for Each Cubic Meter of Concrete

No. Material Kind Weight / Notes
m® (Kg)
Coarse aggregate consist of the following
proportions according to Table 4.2:
1 Coarse Aggregate 930
e 65.1(Kg) Type1l
* 632.4 (Kg) Type 2
e 2325 (Kg) Type 3
Fine aggregate consist of the following
_ proportions according to Table 4.5:
2 Fine Aggregate 892
e 624.4 (Kg) Type 1
* 267.6 (Kg) Type 2
3 Cement 336 Portland cement type I.
4 Water 241 Potable water.

Normal weight concrete with the mix desigroportionsillustrated in table 4.6
was used. Three 10x10x10 mm concrete cubes fromntix design were tested to
determine the compression strength of concretde™i illustrates these results.

[ 48 ]
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Chapter 4 Materials and Test Program

Table 4.7: Sample Concrete Cubes Compression Strength Results

Dimension (mm) Stress
Stress
Weight 28 days (MPa)
Sample No. Failure (MPa)
length Width High (g) Load (KN) Cylinder
Cube

(0.8* cube stress)

1 101 99 100 2380 351 35.5 284
2 101 100 100 2465 353 35.0 28.0
3 100 100 100 2430 347 34.7 27.8
Average 100.7 99.7 100 2425 350.3 35.1 28.1

4.4.2. Steel Bars

The steel reinforcing bars used for the constractib the beams consisted of
6mm diameter steel bar were used for both stirams secondary top reinforcement.
Ten mm diameter steel bar were used for main botenforcement.

All bars had a minimum specified yielding strengti#12 MPa . Samples from
the 10 mm reinforcing bars were tested using tl@dstrd tension test, an average
yielding strength of 545 MPa. Ultimate strength788 MPa and 30% elongation were
obtained.

4.4.3. New Layer of Repaired Materials

For the purpose of applying a new layer for theaded beams, and according
to the local market survey three types of relatgzhired material were found. The three
types which were manufactured by FOSROC Jordam@€re used.

The following section gives more details about ¢hemterials as follows:

For further information about these repair materiapecifications and
instructions see appendix No. 1.

4.4.3.1. Repair Material Type 1

Repair material Type 1, called (Lokset) is polyestechoring resin used for
installing a high strength corrosion resistancevizeduty anchoring. These anchoring
include bolts, tendons or dowels in drilled or feanholes located in concrete. This
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repair material wasised in beam repairing -up for thepurpose of fixincg8 mm steel
anchoring.

4.4.3.2. Repair Material Type2

Repair material Type2, called (Nitobond-EP)js an epoxy resin concre
bonding agent usetbr bonding wetcementitious materialo existing cementitiou
surface.This repair material as used in beam repairing set up for the purpos
bonding the new addddyer of concrete to the existing corroded bee

4.4.3.3. Repair Material Type3

Repair material Type3, called (Conbextra-HF), is shrinkage compensat
cementitious precision grc. It is a free flow precision grouthis repair material wi
used in beam repairing -up for the purpose of adding a new layer to thestang
corroded beams.

4.5.Beam SpecimenCasting and Treatment

Formof wood for constructing beai was prepareds seen in Figui4.8.

Figure 4.8: Wood Form and Reinforcement Details

The mixingof concret: was mixed in a conventional blatigse mixer accordin
to ASTM C192procedur. Figure 4.9 shows the casting procé&sor to the casting ¢
the beams, an electric wire was attached to thdareiement bars using a garden h
clamp. This wire was used to impress the necessdigge for the corrosion process
proceed.

Figure 4.9: Casting Process

(s )
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All beam specimenon its wood form base were movedaauring basin after
24 hours from castingThe curing conditions were according to the ASTM92
standard. Figure 4.1¢hows the appearance of curing basin which us#dgrstudy

Figure 4.10: Curing Basin Used In The Study

The samples remained in curing bafor 28 days. Ater tha, twelve samples
were transferred for theorrosion acceleration. The other tlveams remaed in curing
condition until testing.

4.5.1. Corrosion Process S-Up

The following is dist of the equipment used for the electrochemtiest se-up:

A water basir(3x 0,85 x 0.7) m
Electric wires ancelectric clamps
Multimete

AC 300Watt computer power supj.

PR

A basin filled with a sodium chloride soluti¢(5 percent NaCl by weight ¢
water) was prepared.h€ solution covered 30mm of the beahesght (in which the
flexural reinforcement®xist). The electric wiresvere attached to the reinforcem:
bars with the help of a garden hose cls. It was used to impress the necessary vol
for the corrosion process to proc. The beams were connected in paralle+5 Volts
with a capacity of 25Amperes lectric DC current generated by power supply, wi
impressedan equal voltage on each beam. The negative powmalysterminal wat
connected to twelve 1m steel rods immersed in the aqueous solutiowdmsst the
beams in order to facilitate the openimd closing of the electric circu

To ensure that enough oxygen needed for the comrasiechanism exis, just
30mm of the beam height were immersed in the sol, on the other hand ttsodium

[ =1 )
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Chapter 4 Materials and Test Program

chloride solution was replaced twice every weelbl@&.8 illustrates the time schedule
used for the corrosion set-up process.

Table 4.8: Time Schedule Used For the Corrosion Set Up Process

Electrochemic | Electrochemical
Beam
no Beam Notation | Casting Date al Process process
Description
(Starting Date) (Ending Date)
1 Control Beam 1 (CB1) 12-11-2007 15-12-2007 1-3-2008
2 Control Beam 2 (CB2) 12-11-2007 15-12-2007 1-3-2008
3 | Corroded Beam 1 (Co.B1) 13-11-2007 15-12-2007 1-3-2008
4 | Corroded Beam 2 (Co.B2) 13-11-2007 15-12-2007 1-3-2008
Repaired Type 1
5 (R1-B1) 14-11-2007 15-12-2007 1-3-2008
Beam No. 1
Repaired Type 1
6 (R1-B2) 14-11-2007 15-12-2007 1-3-2008
Beam No. 2
Repaired Type 2
7 (R2-B1) 15-11-2007 15-12-2007 1-3-2008
Beam No. 1
Repaired Type 2
8 (R2-B2) 15-11-2007 15-12-2007 1-3-2008
Beam No. 2
Repaired Type 3
9 (R3-B1) 16-11-2007 15-12-2007 1-3-2008
Beam No. 1
Repaired Type 3
10 (R3-B2) 16-11-2007 15-12-2007 1-3-2008
Beam No. 2
11 | Standby Beam 1 (St.-B1) 17-11-2007 15-12-2007 1-3-2008
12 | Standby Beam 2 (St.-B2) 17-11-2007 15-12-2007 1-3-2008
13 | Standby Beam 3 (St.-B3) 18-11-2007 15-12-2007 1-3-2008
14 | Standby Beam 4 (St.-B4) 18-11-2007 15-12-2007 1-3-2008
([ s2 ]
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Chapter 4 Materials ar Test Program

During the electrochemical corrosion process, treent pasing through each
beam was measured by theultimeter every 10 days. Thghysical changes and cra
development of beamduring the corrosion process were obtai. Any how the
standby beams were used to check the statues »afrdlesteel bars embedded
concrete.

Figure 4.11shows the electrical connection of beaWhile Figure 4.12 shows
the rust developingn the beam surface at the end of electrochemicebsion proces

Figure 4.11: Electrical Connection of Beams

Figure 4.12: Rust on Beams at the End oforrosion Proces:
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Chapter 4 Materials ar Test Program

4.5.2. Beam Repairingworks

Repairing process details were done as fcs:

1.

6.

The concrete coveril, the flexural reinforcement and loosely concrete wa.
The surface of concrete was clearwell until reaching a sound concre
surface.

The corroded steel reinforcing bars were cleanauh frust using steel bru:

Twenty holes witt12mm diameter and 100 mm deptkre drilled inthe bottom
side of beams.

These holes were cleaned with air compressorthen injecte with repair
material typell(okse). Then 8 mm in diameter steel bafslengtl of 170 mm
were instakd in the hole(for further information about repair material t1
(Lokset) specifications and instructions Appendix No. 1).

The beams were left f24 hours, and then tworm steel reinforcing bars we
installed in the flexural zone and conne with the shear connectc as
discussed in the test progri Figure 4.13shows the installing of she
connectors during the experimental wo

Il -H‘_

R

Figure 4.13: Installing Of Shear Connectors

After installing the shear connectors and the steel tmanéorcemer, 40 mm
new concrete layer was added to each | andthree types omaterials were
used. Table 9 shoes the details of the applied repaired layees and

applying steps.

{ s }
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Chapter 4 Materials and Test Program

Table 4.9: Repair Material Details

Repairing Beam
No Layer Description Repairing Steps
Date Name
Normal weight * Concrete surface was cleaned from dust
(R1-B1)

concrete according to and unsound concrete.

1 | mix design proportions | 15-3-2008 & Surface of concrete were flooded with

as shown Table 4.6 water, free water was removed.
(R1-B2) |

without any additions Beams were put in water after 24 hours

from casting.

* Concrete surface was cleaned from dust or

Normal weight
un sound concrete.

concrete according to

Surface of concrete cleaned with water

mix design proportions (R2-B1) before 24 hours from applying repair

shown Table 4.6, material type 2, free water was removed.

2 adding repair material 16-3-2008 &

Repair material type 2 was well mixed

type 2 to the inter face (R2-B2) and brushed to the concrete surface, the

between the new layer
y new concrete layer was caste after two

and the existing house from brushing .

concrete. * Beam was put in water after 24 hours from

casting.

* Concrete surface was cleaned from dust or
unsound concrete.
(R3-B1) * Surface of concrete was flooded for 5

Repairing material hours before casting the new layer, free

3 17-3-2008 &

Type 3 water was removed.

(R3-B2) P Repairing material Type 3 was prepared
and cast to the existing concrete.
* Beam was put in water after 24 hours from

casting.

r55}
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Chapter 4 Materials ar Test Program

Figures 4.14 and 4.18how repaied materials while being installed.

Figure 4.1E5: Repairing Material Type 3 While Mixing and Casting

After the end of repairinprocesspeams were kept in water 28 days and
then had been tested. Before testiprocess,beams had been bried with a white
colure and lines were drawn on beams ev75smm on the long and the heic
directionsto obtain the crack developm during the test.

[ s6 )
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4.5.3. Beam Flexure Testin Works

Beamsspecimens were tested as simply supported beargwotconcentrate
loads using thélexural testing machine discussed previoudiwo 30 mm in diameter
steel rodswere used as edge simply supports while two staes with a sen-half
circular section with radius 40 mm were used to apply the middle concerted |. A
mechanical diabauge was located at the I-span to measure the deflection cause
changing othe applied load as seen in Fig4.16.The load was increased wi0.785
KN increment and the corresponding deflection negsliwere recorded for ea4 KN
load increment.

Figure 4.16: Deflection Dial Gage Fixation

During the test process the crack developnwas recordc and drawn on a
paper we designed for this purpc

(57)
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Chapter 5

Test Result

5.1.Introduction

Chapter 5: Test Results

The main objective of this chapter is to report thsults obtained during the

electrochemical process, visual inspection andiéxeire testing of the specimens.

Flexural test results.

Electrochemical results.

Visual inspection results.

5.2 .Electrochemical Results

The experimental data reported are classified uti@efollowing categories:

The twelve concrete beams were placed in a watgnbeach two beams were

connected in parallel and the sex double beams @mmeected together in parallel to a
power supply with +5 Volts-up to 25 Amperes elecDIC current.

Readings were taken every 10 days of the impresga@nt for each beam.

Table 5.1 illustrates the current readings whiclremaken (standby beams are not
included).

Table 5.1: The Current Reading during the ElectrochemicalProcess

Date Of Reading from the Starting of The Electronlual
. . (days)
Beam Duration of corrosion Beam Sub.
no
Name (days) 10 20 30 40 50 60 70 77| Average
Current Reading (Amperes)
(Co.B1) &
1 77 1.70| 1.55| 154 1.67 166 1460 166 1[75 1.64
(Co.B2)
(R1-Bl) &
2 77 1.79| 1.70| 1.77, 1.89 1.79 171 175 200 1.80
(R1-B2)
(R2-B1) &
3 77 1.66| 1.58| 1.66] 1.87 1.70 145 165 150 1.66
(R2-B2)
(R3-B1) &
4 77 1.69| 1.48| 1.33 1.57 169 165 1.0 110 1.53
(R3-B2)
. Total avg.
Daily sub current
77 1.71 | 158 | 1.58 | 1.74 | 1.71 | 1.65 | 1.69 | 1.59
Average
1.65
[ s8]
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Chapter 5 Test Result

Figure 5.1 shows graphically these current readings.

2
/]
1.8 /‘_\.¥ J//
~ 1.7 \%._4 = — % A
é ’&n: 1.6 *\\-// ——
o % 15 —
= é 1.4
o 1.3
1.2
1.1
1 . . . . . .
10 20 30 40 50 60 70 80
Date Of Reading From the Starting of the Electrochemical  Process (days)
——(Co.B1) & (Co.B2) —#—(R1-B1) & (R1-B2) (R2-B1) & (R2-B2) (R3-B1) & (R3-B2)

Figure 5.1: Beams Current Reading during the Electrochemial Process

5.3.Visual Inspection:

The visual inspection has been carried out after dbrrosion process. Rust
formed on beams, crack development due to the siong@rocess and changes occurred
in reinforcement due to corrosion are discussdadlkmsvs:

5.3.1. Rust Formed On Beams

After the end of electrochemical corrosion procdmsasms were left in air for
fourteen days. This period was inessential to albowplete reaction between the iron
ions with air to form the rust. Figures 5.2 and St®w the rust accumulated on the
beam bottom during and at the end of corrosiongs®c

[ =0 |
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Figure 5.3: Rust onBeams At The End Of Corrosion Proces

5.3.2. Crack Development Due To Corrosi

After fourteen days from the end of the electrocicamcorrosion proces
concrete surface wergeaned from rust, longitudinal cracks paralleltie flexural
reinforcement hadppeare. Figure 5.4shows these highlighted cracks at the bot
and beam sle parallel to the flexural reinforceme
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Figure 5.4: Cracks at the Bottoms Sides of Beams

5.3.3. Reinforcemen Deterioration Due to Corrosion

After the end of corrosion process, the concreteegong the steel flexur:
reinforcement wasemover. Both flexural and stirrups reinforcement were coeah
and some of the stirrups were compleicutoff because of corrosi. Figure 5.5 shows
the steel status due to corros

Figure 5.5: Steel Status after Corrosion

Three corroded flexural steel s were removed from standby bea. It was
difficult to determine the cross section area efsthbars because they wdeteriorated
during corrosion proce. Thebars were tested using the standard tension tondiet
its elongation. A average elongation &% is obtained which isnly 16.7% of the
normal steel bar elongatic
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Figure 5.6 shows this steel bar compares to noreded steel bar.

Figure5.6: Corroded Steel Bar in Comparison with Non 6ded Steel Bar

5.4.Flexural Test Results

Figure 5.7 shows the load — mid span deflectiorafidpeams.

Load - Mid Span Deflection Curve

* L . B Repaired
ﬁ Beams

60.0 1

50.0

Control
I
—t Beams
-

Corroded
/ Beams

Load (KN)
ey
o
o

30.0 1 x

a
Flexural Reinforcements
| Had Cut At This Point |

20.0 1

10.0

0.0 #r T T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00
Deflection (mm)
‘—ﬂ—(CBl) —o—(CB2) 4 (Co.Bl) ~%—(Co0.B2) =*—(R1-Bl) —#—(R1-B2) ® (R2-Bl) ¢ (R2-B2) —#—(R3-Bl) —(R3-B2) ‘

Figure 5.7: Load — Mid Span Deflection of Beams

Table 5.2 shows the maximum load and deflectiorefmmh beam at failure and
the failure loads in percentage of design loads.
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Table 5.2: The Maximum Load and Deflection for Each Beam

. Percentage Of
o Failure Load ) .
No Beam Name Beam Description (KN) Deflection (mm) | Failure Load of
Design Load (%)
1 (CB1) Control Beam 1 43.20 2.50 102.2
2 (CB2) Control Beam 2 44.80 2.54 106.0
3 (Co.B1) Corroded Beam 1 31.20 2.13 73.8
4 (Co.B2) Corroded Beam 2 32.00 2.07 75.7
Repaired Type 1
5 (R1-B1) 62.27 2.53 147.3
Beam No. 1
Repaired Type 1
6 (R1-B2) 62.76 2.48 148.5
Beam No. 2
Repaired Type 2
7 (R2-B1) 67.00 2.55 158.5
Beam No. 1
Repaired Type 2
8 (R2-B2) 66.69 2.53 157.8
Beam No. 2
Repaired Type 3
9 (R3-B1) 65.20 2.39 154.3
Beam No. 1
Repaired Type 3
10 (R3-B2) 64.70 2.62 153.1
Beam No. 2

5.5.Crack Development Due To Flexural Test

Figures 5.8-17 shows the crack developments of tstéd beam at failure.
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Figure 5.8: Crack Pattern for Beam (CB1) At Failure
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Figure 5.9: Crack Pattern for Beam (CB2) At Failure
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Figure 5.10: Crack Pattern for Beam (Co.B1) At Failure
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Figure 5.11: Crack Pattern for Beam (Co0.B2) At Failure
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Figure 5.12: Crack Pattern for Beam (R1-B1) At Failure
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Figure 5.13: Crack Pattern for Beam (R1-B2) At Failure
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Figure 5.15: Crack Pattern for Beam (R2-B2) At Failure
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Figure 5.17: Crack Pattern for Beam (R3-B2) At Failure

Figures 5.18 through 5.22 shows photos for thekcomwvelopments of some selected
beams at failure:

Figure 5.18: Crack Pattern Photo for Beam (CB2) At Failure
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Figure 5.19: Crack Pattern Photo for Beam (Co.B1) At Failue

Figure 5.20: Crack Pattern Photo for Beam (R1-B1) At Failue
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Figure 5.21: Crack Pattern Photo for Beam (R2-B1) At Failue

Figure 5.22: Crack Pattern Photo for Beam (R3-B2) At Failue
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Chapter 6: Discussion of Results

6.1.Introduction

This chapter discusses the experimental resultstt@aonclusions which are
drawn based on these results. The main objectivbisflaboratory investigation is to
study the effect of the corrosion process on teguilal capacity of simply supported
beams subjected to two concentrated loads andtstaligperformance of them after
repairing.

Electrochemical current results, corrosion effeatsl flexural test results will be
discussed.

6.2. Current Reading during Electrochemical Process

According to Faraday’s second law, the corrosiarsitay current is proportional
to the corrosion rate. However, the situation @aebembedded in concrete is different as
discussed in section 4.2.

During the process of accelerating the corrosiorbedms reinforcement, the
impressed current for each beam was recorded eMeryays. Figure 6.1 shows the
average current readings during the electrochemircaless.

The Average Current During The Electrochemical Proc  ess

1.8

1.75

o 1\ / DN
LN/ \

1.55 I T T I 1 T
10 20 30 40 50 60 70 80
Date Of Reading From The Electrochemical Starting D  ay (days)

(Average Daily Current (Amperes

Figure 6.1: The Average Current during the ElectrochemicalProcess
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In fact these records are very close together aisttandard deviation of 0.065,
and no clear relation can be noted from them. Tmasdomly changes may refer to
many reasons. Concrete electrical resistance, feteteky components and the corrosion
rate may be the main factors affecting these regdin

Anyhow, these records are necessary to understamelectrochemical process
and can be used for further studies to understhadeffect of impressing a direct
current on the corrosion of steel embedded in @eaawhich was not covered by the
scope of our study.

6.3.Crack Development of Beams due to the Corrosion Pogss

The visual inspections of corroded beams afteretigk of the corrosion process
show longitudinal cracks parallel to the flexuminforcement as seen in Figure 5.4.

In fact the orientations of these cracks are noramal refer to the fact that the
rust occupies a much larger volume than the origiteeel. Because concrete is weak in
tension these bursting forces quickly cause thecret@ to crack parallel to the
reinforcement direction. However, rust is a compiaxture of oxides, and hydroxides
and hydrated oxides of steel have a volume ranfgorg twice to about six times that of
the steel consumed to produce it. The magnitudéhefrust generated are various
according to various steel oxides generated.

6.4.The Influence of Corrosion on Steel Reinforcement

The steel tensile test is performed to establighniechanical properties of the
steel. In this investigation, the main objective tis establish any changes in the
mechanical properties of the steel. Three corrdohed were tested using the standard
tension test to determine its elongation. An averalgngation of 5% is obtained which
is only 16.7% of the normal steel bar elongation.

This result indicates that corrosion is not onlgueng the reinforcement cross
section area, but also is changing its mechanpalgerties. The reduction in corroded
reinforcement elongation by more than 83% compavath the normal steel
reinforcement is considered a big problem facingamed beams. This reduces the
ductility of the steel and may cause a suddenriaiior beams.

6.5.Flexural Beam Capacity Analysis

Figure 6.2 show the beam failure load capacity edrbs, the following results
can be noted:
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Chapter 6 Discussion of Results

Corroded beams show an average reduction by mare 28% of its failure
loads compared with control beams. This indicabes the corrosion of reinforcement
directly affect the flexural capacity of beams. Thafers to the reduction in
reinforcement cross section area due to corrosion.
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Figure 6.2: Beams Failure load

Repaired beams show an average increments by mane4t7% of its failure
load capacity compared with control beams and ntloa@ 104% compared with the
corroded beams failure capacity. This indicates tha repairing process satisfies its
aim to increase the flexural capacity of the coesbdeams.

There was no significant difference in the flexucapacity of repaired beams
according to its repaired material layer. This cadés that the applied concrete layer
type does not affect the flexural capacity of beahtss refers to the fact that the tested
new concrete layer was in the tension zone; howeneeuse of these types of materials
are important for other reasons. Applying an impmable layer to protect the
reinforcement from further corrosion and the dumbiof sound beams without
corrosion may be the main parameter affectingype of new materials layers.

6.6.Structural Analysis of Repaired Beams

To understand the behavior of repaired beams ifigkaral tests, the following

analysis was carried out:

8+ 757

= Average failure load for the corroded bea =74.75 KN Eq. 6.1

(7]
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Figure 6.3: Section Details
* From Figure 6.3 M, =525 x P — 75 x P (Equation 6.2)
Pcorroded—actual = 316 - 2 = 158KN
Where XP=average failure load for corroded beams (Equi6.3)

= From Eq. 6.23.nd6.3 Mncorroded_actuaF 7110 KN.mm

a
" M Tcorrodec X (d - E)

n-actual —

Where

d=150-10-65=129 mm

a :W (b =100 mmf.= 28.1 MPa)

= T irodeq= 61192.8'N

« M T,

n—design-repaired — ( corroded

are aire
+Tadd ) X (drepaired - p2 k )

« T, = AxTf, =10053545=54789.4 N
= Oiepairea = 18024-8-4 = 144 mm

a ) — (Tcorrodec +Tadd)
repaired 085x fc- x b
= M n-design-repairer = 13.885x 106 N.mm

= From Equatlorﬁ.z, R’]_design_repaired: 30.86 KN
= From Table 5.2the average R.afor the repaired beams32.3¢ KN

=48.56 mm

This analysis indicatesthat the new capacity of repaired beao@n be calculated
according to the AC08 design codes.

This indication can be used by engineers to estaltie required amount of new st
reinforcement needed to strengt thecorroded beams reinforceme
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Chapter 6 Discussion of Results

6.7.Analysis of Deflection of Beams

From Figure 6.4 -which shows the deflections ofrbealuring the flexural test-
the following results, can be noted:
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Beam Notation

Figure 6.4: Deflection of beams at failure load

The average deflection of the corroded beams wlamfh which is less than the
control beam average deflection by more than 16#atler note that the flexural steel
bars of the corroded beams were cut during theufxest that indicates bad ductility
behavior for them and that is attributed to the ma@icals changes is occurring to the
corroded beams flexural reinforcements as discugseBlection 6.4. However, this
should not influence the ductility of the repaifegams since the new steel bars with
good ductility were added in the proposed repaieetiniques.

The average deflection of the repaired beams wak/ghm and for the control
beams were 2.52 mm, which indicates that the beha¥ithe repaired beams was very
close to the control beams during the flexural, tedtich indicates that the repairing
process satisfies its aim.

6.8.Analysis of Crack development due to the flexuralegsts

From Figures 5.8 through 5.17, the following resatin be noted:

The crack development for the repaired beams shewsal flexural failure
crack pattern compared with the control beams.
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Chapter 6 Discussion of Results

No separation was obtained during the flexuralbestveen the old concrete and
the new applied repair material patch layer forohlthe applied repair materials. This
indicates that the repaired beams perform as @maegit regardless the kind of repair
layer used. This may be a result for using enougais connectors which make the
repaired beams perform as newly construction beams.

There were no shear or inter laminar shear crappgaing on the repaired
beams. This is due to using shear connectors agsisdisd earlier. These shear
connectors work also as stirrups and prevent dhdare.

The corroded beams failure was due to flexurak'si@ecause the deterioration
of steel was for the bottom steel reinforcement.

6.9.Result Summary

1. There were various changes of the current duriegetactrochemical process, these
randomly changes refer to many reasons. Concreteriell resistance, steel factory
components and the corrosion rate may be the maatark affecting these readings.

2. The flexural results of the corroded beams redumedercent of 28.2 % compared
with the control beams results, and they were tkggile from the control beams.
Since they gave less in deflection results andstkel reinforcement were cutoff
during the test.

3. The flexural results of the repaired beams incredsea percent of 47.3% compared
with the control beams results. They also, presendrmal flexural test deflection
and behavior during the test.

Table 6.1: Summary of the Flexural Test Results

e This POF was created uskn
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Percentage Percentage
Compared Compared
Average Average Load ) )
) with the with the
o Count of Deflection at | Value (2P) at ) _
No Description ) ) Designed Designed
Beams Failure Failure
Value of Value of The
(mm) (KN) .
Control Repaired
Beam(%) Beams(%)
1 Control Beams 2 2.520 44.0 104
Corroded beams 2 2.100 31.6 75
3 Repaired beams 6 2.517 64.8 153 105
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Chapter 6 Discussion of Results

4. Shear failure was prevented using the shear coonsawhich act as stirrups.

5. Inter laminar shear failure at the interface betwé#®e old and the new concrete
layer was prevented using the shear connectors.

6. The crack development of both control and repaibedms appears to behave
normal for flexural failure.
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Chapter 7 Conclusions and Recommendations

Chapter 7: Conclusions and Recommendations

7.1.Conclusions

Several parameters were investigated in the uriderteesearch to understand
the influence of the corrosion process on the flakoapacity of corroded beams, and
the structural performance for the repaired comlotbeams. An experimental test
program consisted of designing, constructing, abng, repairing and flexural testing
of fourteen reinforced concrete beams was appliach of these beams were tested as
control beams, two were tested as corroded bearnie sik of beams were tested as
repaired beams. The other four beams were usethiadby beams and to investigate
the corrosion rate for the corroded beams.

In order to accelerate the corrosion process, actrechemical system which
depends on the concept of Faraday’s second lawuses The aim of accelerating the
corrosion was to force steel reinforcement to acar@ode in a galvanic cell. Which can
be done by immersing beams in an aqueous solutimh @nnecting the steel
reinforcement bars with positive DC current germréh act as anode while connecting
the negative power supply to external steel rodeensed in the aqueous solution to act
as cathode. This consist electric circuit and fateel ions to translate from anode and
to cathode.

However, after the end of the corrosion process, cairroded beams were
repaired. The main idea of repairing of corrodeénhge was cutting the unsound
concrete and cleaning both the concrete surfacetaedl reinforcement bars. Additional
flexural longitudinal steel reinforcement’s bars reveadded and fixed with shear
connectors. These shear connectors were usediiog the new reinforcement with the
corroded reinforcement and work also as stirrugstarprevent both diagonal and inter
laminar shear failure. The second step was applyingw layer for the bottom sides of
beams, for this purpose three repair materials &ppéied in order to study the effect of
the used repairing materials layer on the flexoeglacity and the crack development of
the repaired beams.

Control, corroded and repaired beams were testesingsly supported beams
with two concentrated loads. The flexural capadsflection and crack development of
corroded, repaired and control beams were a parthefstudies. Samples of the
reinforcing bars were tested using the standarsidartest to determine the properties
of the corroded bars. The following conclusionsdnavn:

1. Several longitudinal cracks formed parallel to tleeural reinforcement along both
bottom and sides of corroded beams due to corrgsimeess.
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Chapter 7 Conclusions and Recommendations

. The corroded steel bars experienced a reductids glongation by more than 83%
compared with the normal steel bar elongation.

. The flexural capacity of the corroded beams redunyepercent of 28.2 % compared
with the control beams and showed a noted reduatids ductility behavior during
the flexural test, since the steel reinforcemenés wutoff during the test at an
average deflection of 2.1 mm.

. The flexural capacity of the repaired beams in@daby percent of 47.3%
compared with the control beams and by a percerit0O826 compared with the
corroded beams.

. The repaired beams showed good ductility behavioing the flexural test and
performed as sound constructed beams with its fééxcapacity and crack
development.

. The types of repairing materials used to applied featch repairing layer to
corroded beams did not affect the flexural perforcgaof repaired beams; hence it
may be important to inhabit the corrosion proceghe future.

7.2.Recommendations for Future Research

. Very few exponential investigations are available the behavior of reinforced
concrete corroded beams subjected to bending actMore experimental

investigations are necessary to monitor and as#essstructural condition in

corroded concrete beams and investigating a regaigchniques to deal with the
corrosion problem from structural point of view.

. A more detailed study of the composite interactletween the steel and the
concrete and the bond deterioration are requirednaterstand the action of the
expansion of the corrosion products and the redndaif the reinforcing bar section.

. A larger number of specimens should be tested with improvement of the
electrochemical set-up to increase the corrositm aiad to decrease the corrosion
time.

The increase in the number of specimens would ipearstudy the influence of
different parameters such as the reinforcing bameier, the type of loading, the
concrete cover thickness, the concrete strengthirensteel yield strength.

. More structural repairing techniques should be stigated and tested to develop
structural strengthening methods for corroded etgmand to enhance its flexural
and shear capacity.

[ 7 ]
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Chapter 7 Conclusions and Recommendations

6. Further future research is needed to investigate dbrability of the applied
repairing techniques and how to prevent the futoreosion process.
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Hole preparation and formation

Three methods of hole formation are possible.

1. Optimum performance of Lokset grouts requires rough
sided, dust free holes. These can be made by using rotary
percussive drills followed by oil-free air or water flushing.
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3. Cast holes should be of inverse dovetail configuration.
If parallel sided holes are cast, they should be rough
enough to provide an adequate mechanical key.

Bar preparation

1. All bars should be deformed. This will ensure good bond
between bar and grout.

2. They should be degreased and any mill scale or flaky
rust removed.

Mixing

Only a complete pack of resin and catalysed filler should be
mixed in one operation. Mixing may be carried out manually
or mechanically. When a smooth, even consistency is

achieved, the grout is ready for use. It must be placed well
within the gel time of the grout.

Plaing

Thi sl grow sncald ba pouned of pumped steadiy oo
thin prapamd anchor hokes. The rchor hor snoedd Hean b
prassnd inbo the hole %o the reguired depth. Sioht aptabon ol
thio bar wil grsaily assist in achaving a compdote band.

The bar should be ke undisturbed In the required posiion
umii the greesd fae fardensd fily,

b prinsg

Arei Eeg drama, pueps sl stoukd be Suenesd withie e
pazl Bla o thia @einn, Foseoe Sokenh TIE i ecienendiidad o
this purpose.

Limitations

1. At permanent operating temperatures above 40°C, creep
of the cured grout may become significant.

2. Resin anchors should not be used where structural load
bearing performances have to be maintained in anchors
subjected to fire conditions.

3. For use at temperatures below 5°C, seek advice from
Fosroc.
Estimating

Pack sizes

Lokset S40, S20: Can of resin and plastic bag of
catalysed filler 2.5 litres and 1.2

litres.

Lokset L40: Can of resin and plastic bag of

catalysed filler 8 litres.

Lokset P40, P20: Can of resin and plastic bag of
catalysed filler 2.5 litres and 1.2

litres.

Volume of Lokset Grout required in ml

= u . (Df-D3. L,

4000

No. of pulls using the standard gun and tubes of Fosroc can
be easily estimated knowing that each pull equal to 8 ml.

Estimated volume and No. of pulls are given in table 2. (Wastage
factor of 30% is allowed).

[ 86 |
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Tahla 2
e | . o i L For Full Utilization
Diamatsr e ol Pulls
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Storage Barrier craams provide additional skin profectos. Shouio
Shell e proEnlyl skin conthcl cotur, wash immadiptely with & man

Al prochacts haee a shol e of 12 months 22 20°0 Haptin g
iy 50 i B oeiginel, unopenad packs,

The sha e wil ba reduesd at higher wnbant lemperatuess,
Eloraps comdiiions

Stom in dey Gondiliors Sy nsm Fagh lemparahinés and high
humidity. Boep maay iom sounmes of heat and naked Aomos

Precautions
Health and safety

Some people are sensitive to resins and solvents. Avoid contact
with skin and eyes. Ensure adequate ventilation and avoid
inhalation of vapours. Wear suitable protective clothing, gloves
and eye/face protection.

FosrocJordan

P. 0. Box 253

King Abdullah Il Industrial Estate
Sahab 11512 Jordan

Tel : 53569562 Fax : 5359563
Factory Tel : 4022665

Important note

Fosroc pr are gL teed

reEmceimg Gream, foticsedl by saap and waber, I case ol contact
with iryes, rinsae immediately with phenty of walar and sook
menEal aivice - 00 mob induces vomiting,

For add®onal informabon see the retoean Matens’ Salsty Dt
Sreant.

Eira

Loksat prochucts and Foseoo Sokend 102 are lammable. Heop
awady fram sourcas-of ignitin - no smoking. In tha auvant of
fire extinguish with CD2 or foam.

* Denotes the trademark of Fosroc International Limited

t defective materials and manufacture and are sold subject to its standard terms and conditions of sale, copies of which

may be obtained on request. Whilst F to ensure that any advice, recommendation, specification orinformation it may give is accurate and correct,
it cannot, because it has no direct or continuous control over where or how its products are applled acceptany Ilahllrtyenher directly orindirectly arising from
the use of its products, whether or not in accordance with any advice, specification, ori n given by it.
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Nitobond EP

Nitobond EP

Epoxy rasin conorats bonding agant

Far bandirg freah wel cemani@ious maisrials 10 axisbing
cementitious surfaces. Faor uss on horzantal surfaces ar an
wertical surlacss whers mariar of concrede Gan be supported
by fomsaork, The kng 'cpen’ e mshes 1 sabahle for uae
swaith Towivoik oo wivivrid sidfcl Haonal alod neinloes aired fos b
b fifted. Tha procisct is ieal tor ads, badges, pavements,
|padng berys and taciores, and for bonded ce granaiithic Soar
tappngn, Maobond EP i squaly subsd 1 internal and sxtemal
applcaiomna,

Mrabond EF may sk ba ussd 88 garl of & repair ayeiem
where a substraiefropar borier & required or whees the
substrats lu kel 1o remain parmmanansy damn ar e

Advantagss
W Can be applied onto dry or damp =ubsiraies
®  Exhibés Fegh mecharscal sirenglh

# Poaklive adhesion - esdossds that of the benslle sirergth
od the host concrets

®  Slaw cure allows Bme io erect sbesl remdacement ana
forrweerk

W Sclvenl-free - can be ussd in anclosad localions

Standards compllancs

Mkaband EP ¢ompliss wilh ASTM CEET; Type |, Grada 2
Clhaashs BRI

Description

Nitobond EP is based on solvent-free epoxy resins containing
pigments and fine fillers. It is supplied as a two-component
material in pre-weighed quantities ready for on-site mixing
and use. The ‘base’ component is white and the ‘hardener’
component is green, providing visual evidence that adeqguate
mixing has been achieved.

Technical support

Fosroc offers a comprehensive range of high performance,
high quality concrete repair and construction products. In
addition, Fosroc offers a technical support package to
specifiers, end-users and contractors, as well as on-site
technical assistance in locations all over the world.

Dosign oritora

Hitchaond EP i& designad with am faflay time of 24 hows al
2072, 12 hrours a3 35°C and 8 Fours. 2 850, makieg i mone
sstable far use whers addikonal stesl reinforcemant snd
Tk e i b Tibed or whirs empansiunss & Pigh, The
AL apEicalion tempanating far Nesbond EP is 5°C
Congidt the local Faseoc affics far further indarmabian,

Propeartisn

Test meathod Typical rosu

'I:_ﬁruuiw sirength . )

|BE B34, Pt 3] 50 Winem® & 7 days

Tariaila strangth

{_!S_E.'HS. Pt T): 20 Wirm® & ¥ days

Flanuwrsl akrengin

|BS 63149, Pt 3): b i 7 S

Shar sbrangth

-IHE 6319, Pt 4] MMM R T i)

Adhesive bond to concretes: In gerenal, the Band will
abwayh axcaad Fia
bl sravegih al tha
hisd oonormhe.

Thaa foflawirg praperias wane massurad at 70E0C:

Patiite: 7~ 10 haurs
48 homirs

Full T coy

Maximem averlay timo: 74 hoairs

Specification clause
Epoxy bonding agent

The bonding agent shall be Nitobond EP, a two-component
solvent-free epoxy resin. The two components shall be
differentially pigmented in order to ensure visually that correct
mixing has taken place prior to the application. The product
shall achieve at 7 days 50 N/mm? compressive strength, 20
N/mm? tensile strength, 35 N/mm? flexural strength and 25
N/mm? shear strength. The adhesive bond to the concrete
substrate shall exceed the tensile strength of the host concrete.

Instructions for use

Preparation

Clean all surfaces and remove any dust, unsound material,
plaster, oil, paint, grease, corrosion deposits or algae. Roughen
the surfaces, remove any laitance and expose the aggregate
by light scabbling or grit-blasting.

Fo remeyve Hhis satermark, gleass banss
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Ciland grrasa deposis ol ha remaved by sheam cleasning,
datengeni scrusting artheuss of a propostary degrease:s The:
alfecliveness of decantammalion and fGundness af the
substrats shaiikd than ba aasamsed by a pulk-of esl

Mixing

vy akeal reinforcement and fammwork shouid be prepdred.
cuil 1o Bize and shape, &l mada raedy for assembly Dednm
RN SIS Ces.

Canrn shosld b taken o s fial Michoed EP S themighly
rmined. Trwe hardener' and ‘base ' components should bestred
separately before mixing to disperse any settlement. The entire
contents of the ‘hardener’ tin should then be poured into the
‘base’ tin and the two materials thoroughly mixed using a
suitable slow-speed drill and mixing paddle for 2 minutes until
a fully uniform colour is obtained. The sides of the tin should
then be scraped and mixing should continue for a further 2
minutes.

To facilitate mixing and application at temperatures below
20°C, the separate components should be stored in an
environment heated to 20°C and only removed immediately
before use.

Application

Nitobond EP should be applied as soon as the mixing process
has been completed. It should be brush or spray-applied to
the prepared surfaces.

The new concrete or screed may be applied to the coated
substrate up to 24 hours after application at 20°C, 12 hours at
35°C and 5 hours at 45°C. However, the coated substrate
should be left for one hour before the new concrete or screed
is placed.

Where Nitobond EP is to be used as part of a repair system to
form a substrate/repair barrier, care should be taken to achieve
an unbroken coating. One coat should be applied and allowed
to gel. A second coat should be applied and used as the
bonding coat. In some situations (e.g. sprayed concrete repairs)
it may be advantageous to scatter dust-free sharp sand over
this coat and leave to harden.

As soon as the Nitobond EP has been applied, any required
steel reinforcement and/or formwork should be erected and
fixed securely in place.

[ 8 ]
= This PDF was created usin
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Livey tesmanrafuee working

Thid irimiuem a plicasion tem peratiung i 5°C. In temperahuras
balow 1%, the separain components should bo hoadad o
warm water jup b 2570 or 2haréd in heatad swiranment Tor
12 Ferurd balors i, T rmaaiass will Feiies micieg ard

appicatan, Nosmmal precaubong for winbar woilcng wiih
T N B e mraberials shoilld be adopiad.

High temgeratiers working

At ambiant empsratens above 3P0, the matesial shold be
siored in thw shade or in an alrconditiorned envircniment jor
12 hours before use.

Cleaning

Nitobond EP should be removed from tools, equipment and
mixers with Fosroc Solvent 102 immediately after use.
Hardened material can only be removed mechanically.

Limitations

Nitobond EP is formulated for application to clean, sound
concrete.

Nitobond EP should not be applied over existing coatings.

Application should not be undertaken if the temperature is
below 5°C or falling.

Although Nitobond EP may be applied to damp concrete, there
must be no standing or running water.

Estimating
Supply

Nitobond EP slow set: 1 and 5 kg packs
Fosroc Solvent 102: 5 litre cans
Coverage

Nitobond EP: 3 to 3.5 m?/kg

Note: The coverage figures for Nitobond EP products are
theoretical - due to wastage factors and the variety and nature
of possible substrates, practical coverage figures will be
reduced.

Nitobond EP 'standard ' can be made available when
specifically requested.

gm'u'la Sonlc POF Creator.
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Storage
Shatl lile

HMitohersd EP has & ahell e of 17 manks Farac Sakea
1 0% has a shall |da of 24 manths F Keat inoa doy siom in the
orgnal unopened packs.

Etorage conditions

Sionein ory canditians i the anginal unopened packes. ¥ eeand
al high temoeratunss. tha ghell ble may be recuced

Pracautions
Haalth and safery

Nitobond EP and Fosroc Solvent 102 should not come in
contact with skin or eyes, or be swallowed. Ensure adequate
ventilation and avoid inhalation of vapours. Some people are
sensitive to resins, hardeners and solvents. Wear suitable
protective clothing, gloves and eye protection.

If working in confined areas, suitable respiratory protective
equipment must be used. The use of barrier creams provide
additional skin protection. In case of contact with skin, remove
immediately with resin removing cream followed by washing
with soap and water.

Do not use solvent. In case of contact with eyes, rinse
immediately with plenty of clean water and seek medical advice.
If swallowed, seek medical attention immediately - do not
induce vomiting.

Fire
Nitobond EP is non-flammable.

Fosroc Solvent 102 is flammable. Keep away from sources of
ignition. No smoking. In the event of fire, extinguish with CO2
or foam. Do not use a water jet.

Flash points
Fosroc Solvent 102: 33°C

For further information, refer to the Product Material Safety
Data Sheet.

(50 )
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Additionnl Information

Foaroo mranisfariunes o wion range ol compienanisy product
wih induds

B watamnsaling merminmanes & wilsrhops
B (¢inl sealeris & Shar Boands

8 comaiious & Enoay grodls

8 specialsed floonng materias

Fosroc additionally offers a comprehensive packags af
producis specilically deskgred for the spar and refurbishmant
of damaged concrote, Fosmos “Sysiemalic Approsch’ io
concreta rapain feateres The foliswing

B Fard-placod repsr mortars

W apraygrace repein mosion

B fuid miono-conorntas

B chemically resistant apaxy mortars

B anti-carbonalionderdi-chiorids profeciine costrgs
B cherial s abReEce resipnan] LElings

For furthar infornatian an any of e abose, phease corsul
wour lacal Fasmo office

* Denotes the trademark of Fosroc International Limited

FosrocJordan

P. O. Box 253

King Abdullah Il Industrial Estate
Sahab 11512 Jordan

Tel : 5359562 Fax : 5359563
Factory Tel : 4022665

Important note

Fosroc products are guaranteed against defective materials and manufacture and are sold subject to its standard terms and conditions of sale, copies of which
may be obtained on request. Whilst Fosroc endeavours to ensure that any advice, recommendation, specification orinformation it may give is accurate and correct,
itcannot, because it has no direct or continuous control over where or how its products are applied, accept any liability either directly or indirectly arising from
the use of its products, whether or not in accordance with any advice, specification, recommendation or information given by it.
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Conbextra HF*

S @zek

Shrinkade compansatad comantitious
pracision growt

Usos

Conbextra HF free flow precision groubng = used ina wide
rargé ol appliceliong These Srtical umas mcluds hedy duly
EipEar bareath mackirs Dass plales, beidge Daanngs and
arare rals

Advantagas

N Unigue non-metalic dual axpanson sysham compensates
for ahrndcages i bolh the plaslic fnd hardensd Slatea,

B Exgaliand iniial e and B rabentkn

§  High aarly siengih facinates rpid nstaliadion and earky
onaratan ol pland,

& High ultbmats strengih ard low pesrnaabilEy ensurm
durasilty of the Fardsrsd geaut,

B Fydnogan-bes QaEeous Sxiandion,
B Chianges bes

B Suitshka for pumping or pooing oved @ lags rengs of
applinatian consmbeno ks and temoaraiunes.

Standards complianca
Conbaxtrs HF ooslarma fully 10 U.S.Cofma ol Engiears
Enecfcafion for noni-shrink groud CADCEZ 220 and A5 TR
CVI7-B1 (Tep=s Co.

We'han Ciorbaxies HF & specilbe Tor i if nocesir sibes, Hia
manulaatised and teshed inaooomanc s with tha AW S 1L ASME
BAS Chaalily Asturance Program Aeguirgments for Bk
Faciitbas"™.

Corbaxia HF is sullahks e usein conlact with polabie water
“Waler Bye-lows Scheme - appnossd product® [Listing no.
A10B511)

Figune 1: Typiesl apacificaion drawing

e
= wraing pimins

=

Dascription

Caonbeira HF cemenitious precsion grout B suppled as a
iy B0 e ol ry possciEr. The adcitren of g contraled amani
of Clgan waler produces A Fee-Nowing precisbon groed for
gap thicknessss wo o 125 mm In acsdition the low waler
reiguiramen] anauras Pgh aark strangily and Ieng 18em
durahiity,

Canbesira HF is a blend of Portiand cements, graded filers
ard] Shesem oA adokEvas Wwhich Iimpar] coeving Fed sxparsan n
Bafh tha plaslic and Rardaned stalea. Tha hilke greding
mimrmses segregatian and biseding oyver 2 wide range of
Apl At Canamban ;s

Technical support

fomoe oHtes 8 comprehsraive rangs od high quality. high
pearformanca coraimiclion prockicis. Inadkdition, Foans ofare
1 worldwide technial suppart and an-site servics 1o
apacfang, and-usen argl Gonbackan,

-

# et gl @
ral

DCirawaing renl 10 Alak

L
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Propariizs
Tha toliowing resulis wene abtained &t a8 wrisrpowder ratio
of 0,18 and o tempemiure of 25°0.

Test mpbivsd for Typical resui

BS 1681 parl 1168 TRER: 18 Blmen® & 1 ey
A0 Bmm ' 8 T dapes
52 Bl'mm® B 14 days
55 Blimem " & 28 davs

& MMM & 180 days

ihnuml virength
BS 4551 1980: 2.5 N/mm? @ 1 day
8.0 N/mm? @ 7 days
9.5 N/mm? @ 14 days
10.0 N/mm? @ 28 days

11.0 N/mm? @ 180 days

Flow characteristics

(Efflux time) CRD-C Cone: 19 - 25 seconds

Setting time

BS 4550 part 3 1978:

Initial set: 5.5 hours

Final set: 7.5 hours

Time for expansion

Plastic state: Start 15 minutes
Finish initial set

Hardened state: Start initial set
Finish up to 28 days

Fresh wet density: Approximately 2200 kg/m?
depending on actual
consistency used.

Young’s modulus

ASTM C-469-83: 29 kN/mm?

Expansion

characteristics: An expansion of up to 2%
when measured according
to ASTM C 827 overcomes
plastic settlement in the
unset material. Longer term
expansion in the hardened
state is designed to comply
with the requirements of
ASTM C 1107-91 to
compensate for drying
shrinkage.

(o3 ]

Spocification olausas
Parlarmancs spaciication

A precacn grouling ety debaibs and agas ol applicalng
must be caresd out wih o pre-packapsd cement based
product, which s non-metalic and chionde-ies

It shall b mined wiEn clean waler io T requined corss enoy
afel mal sk e or aegrsgalinn.

A pobametnic axpansion OF up 8 2% shall occur whils tha
groat = in A plasiic siale by means of a gaseous. bydrogen-
fres mymiams  The grout must alss be componsaind for
shrinkage in the hardened state.

The compressive strength of the grout must exceed 38 N/
mm? at 7 days and 56 N/mm? at 28 days.

The grout shall fully conform to the requirements of US Army
Corps of Engineers Specification for non-shrink grout CRD-
C621-82A or ASTM C 1107-91.

The storage, handling and placement of the grout must be in
strict accordance with the manufacturer’s instructions.

Supplier specification

All precision grouting (specify details and areas of application)
must be carried out using Conbextra HF manufactured by
Fosroc and used in accordance with the manufacturer’s data
sheet.

Application instructions
Preparation
Foundation surface

The substrate surface must be free from oil, grease or any
loosely adherent material. If the concrete surface is defective
or has laitance, it must be cut back to a sound base. Bolt
holes or fixing pockets must be blown clean of any dirt or
debris.

Pre-soaking

Several hours prior to grouting, the area of cleaned foundation
should be flooded with fresh water. Inmediately before
grouting takes place, any free water should be removed.
Particular care should be taken to blow out all bolt holes and
pockets.
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B plabe

it is exsential that this s clean od fres from cil, grease or
Scake. Alr pres s el kel ho ke shoukd be provided o olos
wanting of @y iscsatad Nigh apom.

Leweding shame
fl iheg@ ane 1o De FEroved after ihe grout has hamenad, thay
Shea i (e Lresbe Wil 3 s Liyer of grécsan

Formrasari

Tha Meemaak Bvoukd Be cosairucied o b makpesl as
Contexirg HF =& s lowing grow, This cam b gchiaves
by wsing joam bk sirip or mastc sealant bensath the
oonsirucied formwork and Dotwean kengs.

Inmome cases i@ pracical bo use a escrical semi-dry s
and oemend formwork . Thes foemeeork should include outhets
T e pra-aomkang water

The unrestrained surface arss of the grout must be kept o a
minimum. Generaly the gap widkh tedeeen ihe permeier
oo Bnd The Dads adge should nod e ceed 150 mm on
the pounng sele and 50 men on the appeaile side Than
shiousd be niogap at the flard sides.

Mizing

For basl msuits a reschanically powerad groul sexer shaud
o used. For cruaniies up bo 50 k) & slow apsan dril Hitbea
with @ high shaar paddle s sdtabds. Lager guantiies wib
] u i & g abaar wane i, Do fot o i s colisal peler
TG

I Is pwsendisd 1hat maching mising capooily and labour
aviiabily @ adecuaie 1o enabls tha grouding opseatian
bé carrded cuf conbnuceaky, This may reduirs ths uess of 3
nimdimg fank with provisen lor gentle agiation oo mainbain
Huiclity.

The aelscisd waler coevisrt sl b accumisly measuned
irio the meer. Siowsy ad the folal comtents of the Conbextra
HF hag, mix condnooualy Tor § mimies, ensuring @ smooth,
AN GOE EANGY i obisned

Gonsistency of mived growt

T achissn tha consisian s which ane dalnod in CRD-CE2 -
APA, e amcunt of claks watie that @ addad b & 254 bug
8l 25°0 i

Florsabibac
Flened-

4.5 ires
4.8 Mran

[ oa |

Maximum fow datance ai 20°0
Max Hiow distancs in mm

Growt Gap depth 100 mm 230 mm

consistncy _mm hoad  hand

Floswabia: O 380 1300
ao 30 icne]
a0 -] 0]
40 200 3000+
g 000 3000+

Fhuld: L1¥] ana 2500
2 1200 000
30 000 A0
an M+ 0

Placing

Flacs i groadl wilken 15 miratas ol mising 9 gain tha tull
beneafit of the sepan=Eon proceas,

Comtaetra HF can ba pacad in thichnessss wup to 125 mm in
a mrgle pour Fer thicinessss greater than 125 mm, plesss
conauft your nearest iocal Fosroc office.

Any biolt pockits midst ba goddlod anos o geodling Delaaon
theis gakradrgba sod Eha bage plabs,

Corimasous grout flow s essental

Figur 2: Typieal happar systoen

RAemovabie hoppar For Brger pows B grout may Bo hand
plaped o pumoed intoe emovable hopper froughl
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Sufeient grond mws| ba Svailable pror K atdting and e
tamm taken 1o paur @ batch must bo regulated to the Bme
Eafemn ta prepars the next ore

The myigsd grout should b poursd onky from ane sices of the
yoid i ekminabs 1ha evirapmant of alror surpdus pre-snoaking
wibsr. The B BEdl ScFmaid by @ourog 1he Grou! acrass e
ahoresh dishanca of resal, Tha genit hisd et ha imsniarg
at all limes so that a pondircaus grout Bonid B achieved
Whers Brgs volumes have to be places Consaxtra MF mey be
Prampsac], & Fadvey duly dBapfeige Pump o moorrmaEndad =5
thits purpose. Scrow feed and piston pumps may ako be
auilabbe

Curing

On completion of the grouting operation, exposed areas
should be thoroughly cured. This should be done by the use
of Concure curing membrane, continuous application of water
and/or wet hessian.

Cleaning

Conbextra HF should be removed from tools and equipment
with clean water immediately after use. Cured material can be
removed mechanically, or with Fosroc Acid Etch.

Limitations

Low temperature working

When the air or contact surface temperatures are 5°C or below
on a falling thermometer, warm water (30-40°C) is
recommended to accelerate strength development.

For ambient temperatures below 10°C the grout consistency
should be flowable and the formwork should be maintained
in place for at least 36 hours.

Normal precautions for winter working with cementitious
materials should then be adopted.

FosrocJordan

P. 0. Box 253

King Abdullah Il Industrial Estate
Sahab 11512 Jordan

Tel : 5350562 Fax : 5359563
Factory Tel : 4022665

Important note

Hugh bempéraiure werking

Al amniaant lampanaiu s Save 3570 Tha mimed grout shoukd
b =iored in the shade Cool water oo 20°C) should ba
uead bar ming the grou,

Estimaoting

Supply

Combaxtra HF inzsupplisd in 25 kg bogs

Wik bd

Alcriirtg alvbiuld ba mads for wakiogs whes estmaling

querrlfes required. The approxmate wiekd per 25 kg beg dor
different consistencies is:

Consistency Flowable Fluid
Yield (litres) 13.25 13.5
Storage

Conbextra HF has a shelf life of 12 months if kept in a dry
store in sealed bags. If stored in high temperature and high
humidity locations the shelf life may be reduced.

Precautions

Health and safety

Conbextra HF is alkaline and should not come into contact
with skin and eyes. Avoid inhalation of dust during mixing.
Gloves, goggles and dust mask should be worn.

If contact with skin occurs, wash with water. Splashes to
eyes should be washed immediately with plenty of clean water
and medical advice sought.

Fire

Conbextra HF is non-flammable.

* Denotes the trademark of Fosroc International Limited

Fosroc products are guaranteed against defective materials and manufacture and are sold subject to its standard terms and conditions of sale, copies of which
may be obtained on request. Whilst Fosroc endeavours to ensure that any advice, recommendation, specification orinformation itmay give is accurate and correct,
itcannot, because it has no direct or continuous control over where or how its products are applied, accept any liability either directly or indirectly arising from

the use of its products, whether or not in accordance with any advice, specification, recor
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