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Selection of repair materials using
expert advice

Fadi Nabhan

Repair and rehabilitation claims over 50% of the
construction expenditure and recent projections
indicate that this trend will continue at least till the year
2010. Such a substantial proportion of construction
expenditure must be expected to influence positively
the market for repair materials, specialised techniques
and services. This indeed can be seen by the flood of
new materials and expert services in the market to
address the specific demands of the repair market.
However, the phenomenal explosion of proprietary
products has increased the complexity of material
selection and heightened the potential for problems to
occur. Evaluation by testing and research has not kept
pace with the development of new products. Thus,
products are being used before the design professional
can be assured that they do indeed fulfill the desired
performances.

Today’s designers have to make material and technique
selection from an ever increasing variety of new
products and services. Material properties must be
systematically analysed to arrive at the most appropriate
usage and application in repair and refurbishment. The
prospective user of these materials and techniques,
therefore, requires the aid of a rational, analytical
method to evaluate and select materials from the myriad
products available.

Fortunately, no one has to be familiar with the whole
range of products. As the number of material and service
options has grown, so has the information network
that allows one to find the best material for a particular

application. Through a combination of expert advice,
published information and databases, choosing the right
material and technique need not to be a daunting task.

Much of the work can be done by the designer and
engineer/end-user at least in the initial stages. The first
and most important step is to determine the cause and
extent of deterioration of the treated element so that an
assessment of the structural significance of the damage
can be made. Information generated from this step will
determine whether the materials used should reinstate
structural integrity, provide aesthetical characteristics
or protection from the environment or a combination
of all these aspects. Selection of the appropriate method
of repair and/or repair material should emphasise
the important functional requirements of the above
objectives. Whenever possible, properties should be
quantified in standard engineering terms so that the
search can be methodical as well as systematic. These
properties should then be rated on a scale of priority.
Time and thought invested at this stage will avoid
omissions and problems later in the process.

This paper discusses the sequence of material selection
from ascertaining the cause of deterioration to a
comprehensive consideration of all factors that will
impact on the compatibility of the selected material
with the concrete substrate to the proper functioning of
the repaired element in its service environment. It also
identifies sources from which such information can be
readily obtained.
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Determining material requirements
and installation specifications

Itis important to identify the cause of the damage before
selecting a material for a particular repair. Whether the
cause is corroding rebar, poor freeze-thaw resistance,
high impact, abrasion, chemical attack or other reasons,
addressing and correcting the cause of deterioration is
the primary requirement in a durable repair.

In addition to the cause of deterioration of concrete,
the breakdown of other auxiliary materials (such as
sealants, coatings, membranes, etc.) which form the
complex system-assembly of a structure should also
be considered. Polymeric products often interact with
other materials with which they are in contact to form
compounds that are devoid of the characteristics of the
original materials. The breakdown of such materials
could mean not only the loss of critical functions they
perform, but may well lead to degradation of structural
members. Selection therefore, should be based on
the compatibility of the selected material with the
concrete substrate, the intended use and the method of
application.

Many of the mechanical properties to be considered
are obvious. Tensile, impact and compressive strength,
modulus of elasticity, stiffness, dimensional stability,
percent elongation, chemical resistance and resistance
to freeze/thaw cycles are typical. However, many
demands for an appropriate repair of a structure are
subtle and often missed in the initial selection because
they are secondary requirements that either stem from
the interaction of the element with other parts of the
structure or the response of the structure as a whole to
environmental conditions. The additional requirements
for long term durability and conformance to building
codes and national standards may impose the inclusion
of other properties. These may include fatigue, creep,
heat deflection, thermal conductivity, thermal expansion,
flammability, U.V. resistance, electrical properties, water
absorption, subtle cycling of environmental factors and
assembly requirements.

Although only ten or so major product properties may
figure in the choice of a material, many more must
be considered before they can be discounted. Some
properties are mutually exclusive — for example high
wear resistance and good crack bridging characteristics
for elastomeric parking garage membranes — and to
specify both of them is to seek a non-existent material.
Practical aspects also enter the equation; they include
the product’s sensitivity to changes in ambient weather
conditions during installation, ventilation of the working

area, curing turn around time, material cost, availability,
finishing and maintenance costs. In addition, the
designer and the specifier while in considering a repair
product, must evaluate critically the following;:

1. the product’s field history under conditions
similar to the job at hand

2. the relevance of the test data in the product’s
literature

3. limitations of the product.

Job specifications which take into account these items
should then be developed to define the material or
product type required and the quality of the installed
system.

Material selection

Once the material and job specifications have been
outlined, the search for a suitable material begins.
Almost every repair job has unique conditions and
special requirements. When these criteria are known, it
will often be found that more than one material can be
used with equally good results.

The nature of the search and selection effort is determined
by several factors: the complexity of the repairs, how
much the designer knows about the engineering
materials used in repairs, job specifications, time
available for the search and the degree of confidentiality
desired. It can be a simple one-person effort, relying on
information published in manuals, catalogues or it can
be a sophisticated team approach including the designer,
contractor, owner, material supplier and perhaps
consultants as well.

One-person effort

Probably the most common approach is to consult the
product’s manufacturer. They know their products and
how they are applied and can therefore help determine
the right products and application methods necessary.
Some suppliers and construction research organisations
have developed proprietary product charts, and
computer-aided techniques to assist in material selection.
Typically 8-10 material characteristics are specified in a
computer-aided search and usually after three cycles
of dialogue with the database, a suitable short list of
product candidates is obtained.

Team approach

Depending on the type of project, the product’s
supplier may work one-to-one with the designer or be
an integral part of a team to establish material and job
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specifications. Due to growing realisation of the complex
requirements of the repair process and the increase in
technical sophistication of designers and end users, the
team approach has become more desirable, frequent and
important. The team approach is partly the initiative of
the product manufacturers who are competing more
fiercely for available markets and are willing to become
involved in material and job specification development
at the earliest stages. The high level of information now
offered by product manufacturers, consultants, research
and public agencies enables quick development of
specifications that are pertinent to the job at hand.

Support from associations

Remedial procedures involve the use of both conventional
materials, whose properties are well established and
understood, and those recently developed. Therefore,
information pertaining to the characteristics and criteria
for the usage of newer materials is important and
choosing the right product requires careful study.

Industry associations have long been prominent in aiding
material selection. Organisations such as the American
Concrete Institute (ACI) and the International Concrete
Repair Institute play an important advisory role. The
ACI has a wealth of published data and computerised
database at its disposal and can draw on the expertise
of product manufacturers, consultants, contractors and
researchers.

Consultants

Private consultants offer expertise for design and
material selection. Experts have usually several years
of experience in their chosen fields and posses good
analytical and problem solving skills. Two major
characteristics that expert consultants possess are
competency and ability to customise the specific needs
of a project.

Many now employ customised computer-aided
techniques (expert systems) that help match the causes
of deterioration with materials that would be suitable for
the particular environment and service conditions, and
compatible with the intended substrates. Typically, the
knowledge base component of an expert system contains
what is known about the subject area including an
expert’s day to day problem solving ability, knowledge
from published standards, guidelines of accepted
practice and an explanatory text.

Concluding remarks

The growing use of polymer based products in repair
applications is both a boon and a cause for concern.

Despite the wide ranging capabilities of these materials
to provide solutions to concrete problems, many are
unforgiving and not very user friendly. Engineers
overlooking the differences in the response of concrete
and polymers to changing temperatures and loading
conditions, often specify polymers for the wrong
applications. Contractors working with unfamiliar
materials have found it difficult to adhere to the
manufacturer’s instructions for mixing and placing
these materials.

Concrete is a relatively stiff ‘elastic’ material although
its behaviour is slightly viscous over the long term.
However, polymer materials are clearly viscoelastic
and under certain environments are primarily viscous.
Their behaviour therefore is very different from that
of cementitious materials for which the effects of time,
temperature, humidity and curing conditions are in
general different. Thus, it is difficult to decide what
properties are the significant ones.

It is the responsibility of the design engineer to ensure
that the selected repair material has the requisite
properties that will enable it to function for the design
life of the repaired structure. However, the current lack
of comprehensive data and suitable guidelines leaves
some uncertainty as to how to proceed with the design
and execution of durable repairs. Therefore, expert
advice that helps to rationalise the many chemical and
physical variables and multiple material choices for the
intended job is certainly helpful to practicing engineers.
In many instances, such advice provides a methodical
approach to material selection and can help reduce the
installed cost of many repair jobs.

References

1. Mailvaganam, Noel P. and Taylor, Don A., Compatibilty of repair systems
for concrete structures, Proceedings of the symposium on advanced materials,
Ottawa, 1994.

2. Lacasse, M. A, Thomas, J.R. and Wooley L.G., Sealant joint design, selection
and specification using knowledge-based system software, Proceedings of the
ICBEST — 94 International conference on building envelope systems and technology,
Ed, Choi E., Singapore, 1994, pp. 123-130.

3. Kaetzel, L.J. and Clifton, J.R., Expert/knowledge based systems for materials in
the construction industry, State-of -the art report, Materials and Structures,
1995, pp. 160-174.

Mr. F. Nabhan obtained his B.SC in civil
engineering from Moncton University, New
Brunswick, Canada. He is a senior evaluation
officer at the Canadian Construction Materials
Centre of the National Research Council of
Canada’s Institute for Research in Construction.
He specialises in durability, performance
assessment, and cost effective product selection, life-cycle
costing and sustainable designs. His evaluation work focuses
on claddings, roofing, waterproofing, insulated concrete
forms, aggregate coatings and concrete repairs. u

JUNE 2007 THE INDIAN CONCRETE JOURNAL 53




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ([Based on 'Press quality uncompressed'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


