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ABSTRACT

A variety of repair materials is available in thanket. It is often difficult to select a suitabkepair
material for a given condition. Various researshese different evaluation methods, but the require
specifications are not established. Recently rekebas been carried out throughout the world to
address this problem. This paper attempts to revfmse methods adopted so far to evaluate the
repair materials and the suggested criteria for dbkection of repair materials. The key issues
involved and methodology are discussed and finedlgommendations are made for selection of

repair materials.

1. INTRODUCTION

Large numbers of ageing concrete structures arerideiting due to various in-service and the
environmental conditions they are exposed to. ésbare their functioning and to enhance their figes
these structures need suitable repairs. Therewsnber of approaches adopted for repair and reinafit
of the deteriorated structures, such as: stitchstrgngthening with panels, patch repair, strutiggair,
coating and so on. However, the repairs can bedbradassified in two major categories: structuaad
cosmetic. Structural repair is required to imprdve load bearing capacity of structure or to bitrig at
least its original load carrying capacity. Cosmeépair, also called surface or patch repair, eagary
to protect the structure from detrimental elememd to improve aesthetics. For different typesephirs
the selection of a suitable repair material ishatad needs a through understanding of the behawabu

the repair material under the service conditions.

The requirement of properties of materials for nemand retrofitting of concrete structures varies
according to the properties of the base concretefarm of the repair i.e. structural or cosmetia T
achieve the desired properties in the repair natpdlymers are often used for most of the repairka.
Polymers not only bring in many desirable propertige low shrinkage and good adhesion with the
substrate, but they also increase the thermal siparof the repair material. However, polymers are
relatively costly material and therefore, optimuwsé of the polymers is very important. By varying
types of polymer or additives and their dose ir@ment/polymer mortar a wide range of propertiesbzEn
achieved. Evaluating the properties of various pasitions of the polymer modified repair materials

from the end use point of view optimisation of th&erent formulation is essential. For this purpos
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various researchers carry different types of tefien following dissimilar test methods. Presenthgre

is no standard code available specifically for nepaaterials because of diverse nature of the nadser
and varying requirements. However, professionailesies or institutes like American Concrete Inggtu
(ACI) provide some guidelines, which are quite uké¢t]. Recently, in Europe standards are being

prepared for this purpose [2].

The success of a concrete repair depends on séxetals. Traditionally, high compressive strenatfa
low permeability were considered for selection epair material, but now shrinkage, creep, elastic
modulus and tensile strength properties are alentato account [3-9]. Efforts have been madeetate

not only compressive strength but also propertiesédlastic modulus, shrinkage, thermal expansioh a
permeability with the performance of a concreteainef,4]. Despite all these efforts, there areesal
issues unresolved. For example, it is still notlesshed what properties should be evaluated arat wh
should be the minimum acceptable values to aclaeveffective repair for different situations. Wilaae

the materials that meet these requirements? Do peeform in the same way in all weathering

conditions, such as hot and dry or cold and wéihesand industrial environment?

This article reviews the various test methods auliirements for the repair materials suggestecby t
researchers. The main issues involved in the sefeof repair material and methodology are discdsse

Finally, few suggestions are given in the formexfaommendations.

2. REQUISITE PERFORMANCE

Various researchers have addressed the issue otdlugred performance of the repair material with
respect to the substrate concrete [3, 10-13]. Téeeens to be an agreement that the repair matenst
have the dimensional, structural, permeability,nsivzal and thermal compatibilities with the substrat
and therefore expected to meet the requiremenengiv Table 1. However, the methods for assessment
of these compatibilities and the specification fepair materials are not yet established. Engingeri
materials are being tested for several tests, Ibatay not be relevant to the repair materialsiffecent

situations.

During the past two decades several researchems dtd@mpted to evaluate different repair materials.
They conducted different tests and followed diffeén@methods. Some of them are summarised in Table 2.

The test methods followed by the researchers yanyicularly those followed in America and in Eueop



2.1 Dimensional compatibility

The dimensional compatibility is probably the masportant compatibility parameter in selecting a
suitable repair material. It refers to the capaoityhe repair system to withstand the stressesrgézd

due to the different volume changes in the apphgghir material and the substrate. If there is no
dimensional compatibility between the repair mateend the substrate concrete, debonding between
these two components may occur, which will caudandi@ation at the interface. The main elements that
cause the dimensional problems are shrinkage i@labtying and autogenous) in the repair material,
excessive expansion in shrinkage compensating m@lgt@nd high thermal expansion due to change in
temperature. The other parameters are the sizestthpe & thickness, modulus of elasticity, strain

capacity and creep of repair materials.

To ascertain dimensional compatibility differenpperties, such as shrinkage, thermal expansion and
creep are measured and matched with those of tietrate concrete. The methods adopted to measure

these properties are discussed in the followinggraphs.

Table 1 General requirement of patch repair materials [3, 13].

Property Relationship of repair material (R)
to concrete substrate (C)
Strength (Compression, Tensile and R>C
Flexural)
Modulus of Elasticity (Compression, R=C
Tensile and Flexural)
Creep coefficient (for repair in R<C
compression)
Creep coefficient (for repair in tension) R>C
Strain capacity R>C
Adhesion R>C
Thermal expansion coefficient R=C
Shrinkage strain R<C
Porosity and receptivity R=C
Fatigue performance R>C
Chemical reactivity R<C

2.1.1 Drying shrinkage

Shrinkage refers to the decrease in length or veloma material due to drying and chemical changes.
Very high shrinkage of a repair mortar causes ¢ngcknd most of the failures. Cementitious mortars

considerably shrink due to loss of moisture. Thisbfem is being increasingly recognised worldwide.



Very low shrinkage cementitious mortars for conere¢pair have been developed for this reason.

Specifications that deal with shrinkage and coniyiéi factors have now appeared in several coaestri

For measurement of drying shrinkage prismatic specs are moulded and the change in length is
monitored under the predetermined test conditiohsmethod is given in ASTM C 157-93 for
determination of length change in hardened cememtamand concrete. Nevertheless, researchers often
use their own methods also. Mirgaal [9] used six prismatic specimens made of theirepaterial of

size 25 x 25 x 285 mm under dry (three specime23&C and RH 100% for two days and then at 23 °C
and relative humidity (RH) 50% for next 26 dayspamet curing conditions (three specimens at 23 °C
and RH 100% for 28 days). The length measuremeerts taken at 1, 3, 7, 21 and 28 days. Paostah

[8] determined the drying shrinkage under differBit— 20, 50 and 90% on 76 x 76 x 286 mm sized
specimens following ASTM C 157-93. Besides theseious other sizes and shapes are also used. For
example, Mangat and Limbachiya [5] tested beant00fx 100 x 500 mm size, while Hassziral. [14]

used 75 mm diameter and 265 mm high cylindricakispen. The prescribed limit for shrinkage or
expansion according to ASTM C928-92a is +0.15% e original length and the shrinkage and

expansion should be less than 0.20%.



Table 2 Test conducted by researchers to evaluate repair materials

Property Emberson and Mays [3] Plum [4] Mangat & Hasaret al. [7] Postaret al.[8] Mirzaet al.[9]
Limbachiya [5]
Compressive strength N N N N N N
Flexural strength N N N _ N _
Tensile strength N — _ N N _
Modulus of Elasticity N N N N N —
Poisson’s ratio N — — _ N _
Shrinkage N N N N N
Creep in compression N N N — N —
Creep in tension — — — _ N _
Thermal expansion N — — — \ N
Adhesion or Bond strength N N — — — N
Permeability — _ N N _ N
Abrasion resistance — — — _ _ N
Resistance to freeze and thaw — — — — — N




2.1.2 Restrained shrinkage

For measurement of restrained shrinkage there ggamalard method available so far. Pogtiaal. [8]
evaluated the restrained shrinkage by conductiregttifferent types of non-standard testsng test,
German angle test and SPS test. The details of tlests and further references are given in Pattan
al. [8]. These authors did not find the German angkd & reliable method for determination of

restrained shrinkage.

2.1.3 Thermal expansion

Coefficient of thermal expansion is a parameteraggnting the change in length of a material due to
change in temperature. Different materials havierdint values of the coefficient of thermal

expansion. If two materials of different coeffidesf thermal expansion are bonded and exposed to
varying temperature environment there will be depeatent of tensile or compressive stresses, which

ultimately leads to delamination at the interface.

Mirza et al. [9] measured thermal expansion of repair matensisag the method given in ASTM
C884-92. For this purpose concrete slabs of 75330 mm capable of sustaining 300 freezing and
thawing cycles were used as concrete substratseTd$labs were subjected to sand blasting, cleaning
and brought to the surface saturated dry conditiofhereafter a 10 to 12 mm thick layer of theaiep
mortar was applied and cured at a temperature 6€2hd RH 100% for 28 days. Then the specimens
were undergone five 48 h freezing and thawing sychdterwards observations were made to check
any debonding, cracking, or scaling. Postaal.[8] used specimens of 76 x 76 x 286 mm size and
followed the method described in ASTM C531-85 fatedmination of coefficient of thermal
expansion. Emberson and Mays [3] used prisms efZirzx 25 x 530 mm in the temperature range -60
to 60°C.

2.2 Structural compatibility

The mismatch of structural properties of the repa@terial with the concrete substrate can lead to
serious consequences. For structural repair theessive, flexural and tensile strength of the irepa
material must be more than that of the substraterete. Second requirement is that the repair
material should have approximately the same elastidulus. To find out the structural compatibility
few researchers test compressive strength and btadgth only, but others test tensile as well
flexural strength also, as can be seen in TabRe2ently, considerable importance has been given to

creep also.



2.2.1 Compressive strength

For a long time compressive strength is being camed as an indication of the quality of
cementitious materials and therefore many spetidicaely upon this property of the repair material
For determination of the compressive strength efrépair material different sizes of the samples ar
used. Furthermore, these specimens are cured wadging curing regimes. Generally, cube or
cylinders of the repair material are tested atatle of 28 days. Few researchers test the specinaen a

early age also.

Walters [15] and Mirzat al.[9] used 50 mm size cubes following ASTM C109-92le/Postaret al.
(2001) used 76 x 152 mm cylinders following ASTM3%E®&3a. Emberson and Mays (1990a) and Plum
(1990) followed BS6319: Part2: 1983 and used 40 oubes for resinous material, but for
cementitious materials Emberson and Mays [3] teg@echm cubes (BS4550: Part 3:1978). Hastan
al. [7] used 50 mm size cube, but in other study i@ytused 150 mm diameter cylindrical specimen.
Mangat and Limbachiya [5] tested 100 mm size cubesoncrete as well as for polymeric repair
materials instead of the smaller size mentioneB3n6319 for polymeric materials. The main reason
for using the same shape and size for both therialstevas their desire to compare the properties of

the polymeric mortars with concrete that contaioearse aggregate.

From these studies, it appears that for resinou®riahsmall sized specimens are used, but for
cementitious materials containing coarse aggredager size specimens are used. The results
obtained on different size and curing conditionsncd be directly compared. To overcome this

problem some studies in this direction should beexout by the researchers.

2.2.2 Flexural strength

Flexural strength is an indirect measure for agsgdbe tensile strength of cementitious materials,
which are brittle and difficult to test in tensiddeams of the repair materials are tested eithéree-

point or four-point bending test. The four-poirgnoling test yields lower values of flexural stréngt
because in this test method a greater portion@&gecimen comes under stress which causes more
probability of failure. It has also been found ttfa¢ effect of curing condition is more pronounaed

flexural than in compression [16].

Postaret al [8] used 152 x 152 x 533 mm sized beams for detetion of 3, 7, and 28 days flexural

strength of the repair material following ASTM C%8a. Using the same standard (ASTM C78-84)
Walters [15] used beams of 25 x 25 x 127 mm sizeb&son and Mays [3] used three different sized
specimens: 40 x 40 x 160 mm (three-point loadimg) 25 x 12.5 x 200 and 25 x 25 x 320 mm (four-



point loading). Plum [4] followed BS6319: Part 8B. Mangat and Limbachiya [5] tested beams of
100 x 100 x 500 mm size under four-point load atags.

This survey of methods adopted by the researcloeriefxural test of repair material indicates great
variation in the specimen size and method of tgstiiearly the results obtain from these tests oann
be compared for selecting a material. Thereforeilewbelecting repair material using flexural

properties, these aspects should be considered.

2.2.3 Tensile strength

Most of the concrete structures fail in the tengid@e and need repair. During shrinkage the raestrai
provided by the substrate causes tensile stressbe irepair. Therefore, it is important to asgbes
tensile property of the repair material. Althouglsting of cementitious material is difficult dte
problem in holding them in grips of the testing imae, researchers made attempts to test by various
means. The reliability of such tests is yet to bldished. The resinous mortars are comparatively

easy to test in tensile.

Postaret al [8] measured direct tensile strength on 76 x X mm sized samples notched at mid
height making a cross section of 51 x 76 mm fof 8nd 28 days tensile strength. Emberson and Mays
[3] used briquettes following BS6319: Part7: 1986resinous repair material and briquettes based on
BS12:1971 Part 2 for cementitious materials. Hagdaa. [14] used bobbin shaped specimens (75

mm diameter and 325 mm height) and measured aay8 d

Keeping in view the importance of the tensile gjtbrof repair materials in long-term durabilitytbe
repair, specifications are appearing which spegifginimum required value for tensile strength & th

repair mortar [17].

2.2.4 Modulus of Elasticity

In selection of repair material modulus of elasyi¢MOE) is an important criteria because it indésa
how much the material will deform under loads. & Imodulus material used in structural repairs will
deform excessively and may not contribute in loadyeng capacity of the structure. This will make
the repair inefficient and will not serve any pwspoA significant difference in values of MOE oéth
repair material and the base concrete can causesstoncentration. Therefore, MOE of the repair
material and concrete substrate is tested, mastliompression but few researchers have tested in
flexural and tension also. Like compression testegal types of specimens are used for determmatio
of MOE, but usually measured at the age of 28 dagstaret al [8] used 76 x 152 mm cylinders for
measurement of MOE at the age of 28 days followA&IM C469-94. Hassaet al. [14] used



150 mm diameter cylindrical specimen and testedeatge of 28 days in the stress control mode. The
deformations were measured using strain gaugesn(@80ength). Mangat and Limbachiya [5] tested
prisms of size 100 x 100 x 500 mm at 28 days, wiilers [3, 4] used smaller specimens (size 40 x
40 x 160 mm) following the method given in BS 63Part 6: 1984. It is important to note that ASTM
C469-94 is applicable for cement concrete, while@39 is for resinous compositions. Thus, there
exists a confusion which standard to follow fortiteg concrete and for repair material. For a real

comparison similar test method for both the mateshould be followed.

2.2.5 Bond strength

For a durable repair it is important that thera igood bond between repair material and the sibstra

The quality of the bond determines the performaopicehe repair. The bond strength of the repair
material is influenced by several factors suchuwfase preparation method, shrinkage and thermal
expansion. The main purpose to conduct this teki &scertain a sufficient bonding between repair

and the substrate concrete.

Several types of bond tests are being carriedAititough BS and ASTM (BS6319: Part4; ASTM C
882-91) suggest the shear slant test, many resaarB, 4] are of the view that in this test the
material is being tested under combination of slaat compressive stresses. Therefore, they use

tests based on pullout methods, which impose mewers stress condition.

For assessing the bond strength of the repair nsol#rzaet al [9] followed ASTM C 882-91 and
used base concrete cylinders of 75 mm diametefl&Adnm height cured in wet conditions (at 23 °C
and RH 100% for 28 days). The cylinders were thdrt@an angle of 30° to the vertical axis and the
roughness of the diagonal area was enhanced bplsatidg. The samples were then kept in water for
next 24-hour and wire brushed. After applying tepair mortar on the rough surfaces the cylinders
were cured either in dry condition (at 23 °C and R19% for two days and then at 23 °C and RH 50%
for next 26 days) or wet condition (at 23 °C and F19% for 28 days).

Kuhlmann [18] developed a test method for measutirg bond strength of repair mortar with
concrete. In this method a 38 mm thick and 76 mameter of repair mortar is overlaid on a similar
diameter concrete cylinder and pulled in tensidera& specified curing period. The concrete and
mortar are contained in steel pipe nipples. Meaently, Austinet al. [19]) reviewed the different
bond test methods. Based on their results theyestigg that the performance of the bond could be
better understand by making a bond failure envetopsidering all normal/shear stress combinations
in slant-shear tests. Although it needs a numbeplarfie orientations from 0 to 45°, it can help in

predicting the bond performance in different gearoat patterns.
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In view of the various test methods adopted for dfathesion test, care must be taken while

comparing the values of the different materialsegdy different methods.

2.2.6 Creep

Most of the materials, particularly polymers, defowith time under constant loads. For a durable
repair it is important to have knowledge of thiogerty of the repair material. Since concrete is
mainly loaded under compression, creep of the repaterial is mostly tested in compression.
However, few researchers tested creep in tensifeflamural also to study the effect of changing
ambient conditions. In a given environmental cdodita low creep is desired for structural repairs,
while higher creep is beneficial for patch repdi#$ The higher creep helps in redistribution of
stresses, thus stress relaxation in the high stlem®as. It helps in prevention of premature ifailo

the highly stressed parts of the repairs.

2.2.6.1Compressive creep

In this test prismatic or cylindrical specimens &spt under a constant load using mechanical or
hydraulic jacks and the deformation is recordedr aveeriod of time. Postaet al [8] used six
cylinders of 76 x 152 mm size. Two cylinders kejithaut any loading to record the drying shrinkage.
For the measurement of the deformation mechanasdes were fixed to ‘diametric opposite sides’ of
the specimens. Two cylinders were placed in thepcfeames and loaded to a stress equivalent to 20%
of the 28 days compressive strength of the contreitey tested. Two other specimens were loaded to
40% of the 28 days compressive strength value. tEee method given in ASTM C512-94 was
followed. Emberson and Mays [3] adopted the metfiwdn in BS 6319: Part 11: 1989 and used 40 x
40 x 160 mm size prisms. Plum (1990) used 17.5 mihl® mm diameter by 100 mm long specimens
cured for 7 days in ambient conditions. Mangat kaincbachiya [5] tested prisms of 100 x 100 x 500
mm size after 28 days curing at stress of 30% &9d df 28-days strength. It is clear that different

configurations are used for compressive creemtgsif the repair materials.

2.2.6.2Tensile creep

The test method is similar to that used for creepampression except that the specimens are loaded
in tension and the increase in length is recorBedtaret al. [8] used specimens of size 76 x 76 x 152
mm for determination of tensile creep. The specsmerre loaded to 40% of the 3, 7 and 28 days
tensile strength. It means that the load on speactimas varied with the gain in strength of the
specimen up to 7 and 28 days and afterwards tlieviea kept constant. The elongation was measured

upto a period of 8 months with a mechanical stgainge having a gauge length of 250 mm.
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2.3 Chemical compatibility

The repair material should not have any harmfuéetfion the repaired structure. The detrimental
elements could be chloride ion, which may causeos@n of reinforcing steel, or sodium/ potassium
ions may increase the alkali aggregate reactia @airface repair material with low pH value may
not provide sufficient protection against corrosiéurther, the acidic components may degrade the
base concrete. Therefore, the repair material shbel analysed for these detrimental elements.

However, the permissible limits for maximum contehthese chemicals are not yet established.

2.4 Electrochemical compatibility

The repair material should not corrode the reinfagsteel in the base concrete, but the repairmahte
being different from the base concrete can caudeamja corrosion in the unrepaired area. Few
researchers found that cement mortar causes ammrafle to the differential shrinkage of the
substrate; therefore, they used polymer-modifiedanpbut others of the view that the repair materi
should have similar composition as of the subsitaterete. It appears that there is no agreement on
acceptability of criteria for electrochemical corip#ity. To overcome this situation work has been
progress in Canada to develop some accelerated testassess the compatibility with the
substrate [12].

2.5 Permeability compatibility

Permeability of the repair material is determinedihderstand if the material can resist the ingoéss
water in the concrete. The penetration of moistue only promotes the chemical reaction in the
concrete but also brings in detrimental elementdissolved form that can react with steel, lime and
other components of concrete. However, in somescesmplete stoppage of water transport is not
desired and the choice of the material depends tipogituation in which the material is proposed to
apply. For example, it is suggested that low pebitia material should be avoided in hydraulic
structure because the complete blockage of watesaaurate the underlying concrete, which may be
dangerous in frost condition. Nevertheless, tirenpability properties of the repair are often retht

to the durability of the system.
Permeability is measured by using various penetrantl techniques. For example, water permeability

and nitrogen gas permeability. Some other methcisding capillary water absorption, chloride ion

penetration, resistance to carbonation and resstanseawater & sulphates can be found in litegatu
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2.6 Durability

2.6.1 Resistance to freeze and thaw

In cold countries concrete structures are exposegety low temperature. As a result the free water
present in the concrete freezes and the resultaluime increase induces tensile stresses in the
material, which ultimately leads to cracking. Am@ssment of the repair material under freeze-thaw

cycles can reveal important information about gékdviour at low temperatures.

Mirza et al. [9] examined the effects of freezing and thawiygcbnducting 300 cycles at the rate of
six cycles per day on 75 x 150 mm size cylinderberA300 cycles the cylinders were weighed to
check any weight loss or weight gain, cracking,llsgpor other defects. Walter [15] assessed the

effects of 25 cycles of freeze and thaw on flexstegngth of 25 x 25 x 127 mm sized beams.

2.6.2 Acid resistance

In service condition, the repair material may camesontact with acidic solutions. Particularly, in
industrial sector use of acid resistant materiaigortant. Walters [15] immersed beams of sizex25
25 x127 mm in an aqueous solution of sulphuric &2kb) and nitric acid (1%) and observed the
change in flexural strength. After 28 days curing $pecimens were immersed in the solution for 14
days then immersed in distilled water for two dagsl then dried in lab for additional two days befor

testing.

2.6.3 Weathering resistance

The concrete structures are exposed to varioushesaf) conditions. Several accelerated tests are
available to assess the weather resistance of nepaérials. Walters [15] tested weather resistarice
latex modified cement mortar. The flexural tesegmens were subjected to 336 accelerated
weathering cycles. Each cycle exposed the specitoentraviolet (UV) light at 60 °C for 4 h then at
50 °C and 100% RH for 4 h. These specimens wargared with the controlled specimens kept in

the laboratory for 140 days after preparation.

2.6.4 Resistance to abrasion

In many situations the repaired area directly commeder abrasive environment and therefore the
knowledge of abrasive resistance of the repair nadtis important. Mirzeet al [9] used a mortar
sample of 50 x 50 x 12.5 mm size. The specimen plased in the sample holder of the abrasion

testing equipment and was subjected to rotationsamdter jet with a velocity of 40 m/s.
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Table 3 Some recommended performance criteria for repair materials

Property Dector and Keeley Postaret al.[8] McDonaldet al.
[20] [17]
Compressive
strength, minimum
3 days Similar to substrate 17.2 MPa -
28 days 27.6 MPa —
Tensile strength, Similar to substrate  10% of the 2.8 MPa
minimum compressive
28 days strength
Modulus of Similar to substrate — 24 GPa (Max.)
elasticity,
Bond strength > 0.8 MPa — —
Coefficient of Similar to substrate — 12 millionths/°C
Thermal expansion (Max.)
Drying shrinkage,
maximum
7days <300 microstrain  — —
28 days <500 microstrain 400 millionths 400 millionths
1 year - 1000 millionths
Restrained Tip curling from  No cracks within
shrinkage the SPS plate 14 days, 1000
should be less millionths (1
than 0.25 mm at year)

28 days.

3. DISCUSSION

Various test methods for the repair materials alable to choose from. However, it is not known
which test method is better or whether all tesésraguired for a repair material and what shouldhlee
acceptable values. Nevertheless, recently somenmeendations have been made regarding acceptable

values for the repair materials. Some of theseegaie presented in Table 3.

The number of tests to be carried out can be redifcarrelations can be developed between various
properties. In this direction some efforts haverbeeade, but no significant correlation was found
between compressive strength and dimensional yatiilthe repair materials [17]. Depending upoe th
severity of the tests Mirza&t al. [9] recommended the following order of the labtdeshermal
compatibility with base concrete, freeze and thagt,tdrying shrinkage, bond strength, permeability,
abrasion-erosion resistance. Prior to selectioa #pair material the purpose and location of gpair
should be clearly known, so that the relevant netproperties could be identified and matched ki

requirements.
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4. KEY ISSUES

Concrete is vulnerable to change, not only in vauout also in shape due to the effects caused by
moisture, temperature, load, chemical attack amerofactors. The change in concrete can either be
irreversible or reversible in nature and can rasulhe development of cracks in the structurééf stress
developed exceeds the strength of concrete. Anogtare deformity due to any reason should betdeal
separately. Due to the large variety of structdedkects, their origins and consequences, repauitaes
differ in nature. Until now there is no systemisatin this field, hence it is vital for the restorto be
fully aware of the key issues involved in the refsaiengthening of the structures. It is diffictdt meet

all the required properties from a repair materitilis quite possible that a material have an ke
individual property, but the other properties mayse problems. For example, polymer based materials
have excellent resistance to water ingress, but tlawe high thermal expansion. It has been suggeste
that while selecting a repair material the wholpaie system must be examined using the so-called

'System concepir a "holistic approach12, 21].

Presently, there is no standard design code alaifab repairs. It is therefore necessary to dgvelo
design methods, which can use the test resultsefily, in the absence any standard design codesthe

of the results depends upon the design engineailgement and experience. For designing the repair
system, care must be taken while using the short-froperties because in long term these properties
may change and need further repair. For examplemBina and Nounu [22] found that due to
comparatively higher time-dependent propertieshef tepair material the load bearing function of the
repair material was lost in few weeks. However, dohieving the long-term properties the moulding or

liquid state properties should not be compromised.

5. METHODOLOGY

Before taking up any restoration activity, it issestial to know the present status of the
materials/structures. Present status can be ddpige the alteration in the appearance, strength,
coherence, dimension or chemical behaviour of ttegerials, either individual element or part of
structure. The factor includes chemical attack, hraewal disruption, disfigurement, exfoliation,
disintegration etc. On the basis of these diagatstls, one can assess the present status ofatesiafs/
structures. In diagnosing the real problem, it $seatial to analyse the phenomenon of decay and
surrounding environment. A diagnosis of the detation is the first step. Incomplete and inaccurate
diagnosis can result inaction or inappropriatear@sion measures. A survey of environmental diorli

can provide additional clues to the restorer fentifying the deterioration process.
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The first problem we should analyse before takimg ttestoration activities is the choice of the nepa
material. The materials to be used for restoratimnk should perform effectively under the end use
conditions. It means that the restored structulshperform safely and should preserve all reglire
properties for many years. Two main propertiesrapair material, which should satisfy the durapilit
requirement are compatibility with the materialinigerepaired and adhesion guarantying durableifant
effects i.e. bond strength with the jointing suefamechanical and thermal deformability, chemicad a

rheological features.

Although a great number of research has been dorevaluation and design of repair systems, several
issues are yet to be addressed such as do we ifieednd safety factors for repair? For exampledsts
using finite element method (FEM) indicate thaddhesion test of patch repairs there are locahseals

of high stress concentrations [10]. While usingtdst results this type of aspects are important.

6. WORK CARRIED OUT AT CBRI

In CBRI, we have undertaken a projeddevelopment of Suitable Repair Materials for thest@eation of
Heritage Buildings”. In this project, numbers opa@r materials have been developed viz., patching
materials, reinforcement coatings and grouting rmalte Diffrent tests have been devised for asagssi
the suitability of these materials from the end agplication point of view. A detailed project coleion
report, one review and two research papers arashelol [23-26]. Apart from this, work has also been
carried out for the development of repair materfalsthe restoration of repositories for the disgasf
nuclear wastes. In this project, tests have besisett for assessing the suitability of repair mater
using parameters like chemical resistance, modolfuglasticity, bond strength, compatibility and
durability [27]. Few test set-ups are shown in Figs 4. More recently we have developed a few self
curing repair materials for the restoration of dimgs. It has been found that repair of the hugectires

by using cementitious repair materials causes prob] because of the requirement of water for curing
To address this problem, we have developed seifiguepair materials for applications in buildings

[28]. Detailed studies for assessing their suitgbitom different application point of view is progress.

7. CONCLUSIONS & RECOMMENDATIONS

There are number of tests being conducted to atfises®mpatibility between concrete substrate aed t
repair material. Conducting all these tests forhegpair material is not viable. Furthermore, thst t
methods also vary, which make it difficult to cheas suitable material. Therefore, there is a need t
identify the critical properties and test methaalsgd to develop correlation between various propeoif
the repair material. This will help in reducing tember of tests required and the criteria to be me

The first problem that should be analysed befostractural restoration work is the choice of materi

The selected material should guarantee durabilityestoration effects. It means that the restored
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structure should perform safely and should presaiivibe required properties for many years. Logrgyt
performance of repair materials under the servicelitions is of prime importance. Upto now expetien
guides us in identifying the major influencing farst that determine the service life of the struetur
Experience gained in case studies must be carefoliyysed and negative and positive elements naust b
taken into account. Concerted efforts of scientisitgjineers, contractors and manufacturers aréreetju

to identify the critical tests and acceptance gdtéor repair materials for different situations.
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Fig.2: Test set up for bond strength (shear)
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Fig.4:-Test set up for bond strength in flexure
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