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Introduction

Despite more than twenty-five years of experienoe diealing with the
complexities of conserving historic concrete, thamre still some fundamental
challenges to reconciling current repair optionthwdonservation needs. Industry
driven methods and materials do not take into agcdlble usual conservation
demands of minimum intervention and retention éfioal fabric, and can have a
significant impact on the appearance and mateyialft the concrete, which in
many cases is core to architectural expressionléeAthere has been a concerted
effort by a small number of heritage agencies teaade knowledge in this field,
with some success, there is still a need to enhémeecapacity of conservation
practitioners and others involved via training, ttevelopment of new information
and the promulgation of existing resources, andrawgd diagnostic methods.
There is also a need for scientific research tdebatnderstand the behavior of
historic concrete, to identify the long-term effecdf repairs, and to broker
solutions to outstanding technical problems.

The Getty Conservation Institute (GCI) works inggianally to advance

conservation practice in the visual arts, broaditerpreted to include objects,
collections, architecture, and sites. It servesdbeservation community through
scientific research, education and training, mofilelld projects, and the broad
dissemination of the results of both its own wonkl ghe work of others in the field.
In all its endeavors, the Conservation Instituteutes on the creation and
dissemination of knowledge that will benefit theof@ssionals and organizations
responsible for the conservation of the world'sural heritage. The GCI convened
the experts’ meetin@onserving Concrete Heritagé bring together a number of
professionals engaged in this area of work to dischow research and other
activities may contribute to advancing this areaafservation practice.

The experts’ meeting was organized under the aesm€ the Conserving Modern
Architecture Initiative (CMAI), launched in 2012,hich aims to advance the
practice of conserving twentieth-century heritagecolloquium held in March
2013 brought together over sixty experts in theddfiand confirmed the need to
focus attention on the material conservation ofasiety of typical twentieth-
century building materials, concrete included. @Givéhe predominance of
reinforced concrete as a building material in therttieth century, and the GCI's
background knowledge in this subject, a decisios ta&en to focus efforts in this
area. As with all GCI projects it is anticipatedattefforts will be undertaken in
collaboration with others.




Conserving Concrete Heritage:
Experts’ Meeting

The Conserving Concrete Heritage Experts’ Meetimgught together a small
invited group of professionals to identify the kredge gaps and identify key
areas where the field can be advanced through abication of research,
education and training, and the creation and prgatidn of literature on the
subject.

Aims and Objectives

The aim of the meeting was to bring together the payers engaged in the
conservation of concrete in modern heritage to:

« Examine the actions undertaken over the last tvoadkes in order to assess the
current state of concrete material conservatioorder to;

» ldentify research and other current needs;

« Determine how to advance this area of material eomagion;

« ldentify the priorities;

« ldentify entities able to progress these priorities

« Scope concrete research that the GCI could underakl identify potential
partners and stakeholders to work with in this pasal

« To develop an action plan to implement the reseanchother activities.

Participants

Eight expert participants, considered critical ka@rs and key players in the
conservation of concrete repair as it relates totdge buildings and structures,
were invited to participate in this meeting alonghwGCl staff and consultants.
The participants have been influential in advandiig area of conservation to
date or with the potential to do so in the futuiihe group comprised of
international and national participants from priityaNorth America and Europe
working in this area. This multidisciplinary groupcluded engineers, architects,
material scientists, and industry representativits demonstrated expertise in the
repair of historic concrete buildings and strucsur@articipant biographies can be
found in Appendix A.

Meeting Format and Structure

The experts’ meeting was held over three days agdnized around working




sessions together with presentations from the a@dviparticipants, summaries of
which can be found in Appendix C. A background papas circulated in advance
and presented on the first day of the meeting. paper outlined the state of
conservation of concrete and identified some ofiskaes facing those involved in
conservation and attempted to identify the areasrahargeted research could
provide potential solutions to these dilemmas. Bhekground paper focused on
the repair of exposed concrete which is where tapntonflicts between standard
repair and conservation collide and therefore lemdpotential research in the
following areas:

» Investigation and diagnostic methods and tools;
» Electrochemical methods of repair;

o Coatings;

« Corrosion inhibitors;

« Patch repair methods and materials.

The background paper is available in full in Appierigl.
The GCI also prepared and distributed to partidipam advance of the meeting a
draft of an annotated bibliography that providesoaarview of the current state of

literature pertaining to the conservation of higt@oncrete.

The full meeting Agenda can be found in Appendix D.




Issues

During the meeting the participants agreed on abmimof primary issues
affecting the practice of concrete conservatiorthéligh the concrete industry is
vast, with the concrete repair industry representinlarge proportion of this,
concrete conservation as a specialized activigyvery small subset. The audience
for this topic can be divided by profession; cootoa, engineer, architect,
conservator and so on. It can also be divided timtogroups; those who are highly
knowledgeable about concrete, but have little or kmowledge of/interest in
conservation and those who are conservation priofess but with little or no
knowledge/experience of concrete. In addition, tireup agreed that it was
important to reach not just those who are lookimgsipecific information, but also
to make information about concrete conservationeramcessible generally and to
encourage greater interest in and knowledge abimitconservation of concrete
heritage.

There are a wide range of issues and specific pnablthat warrant attention and
development within the field of concrete consemwati These were grouped by
activity type including; research, the creation atstribution of information, and
education and training to advance the field. Thissees are summarized below
and are discussed in more detail in the followiegti®ns.

1. Issues that could be addressed by research thabuld serve to advance
the conservation of concrete:

» Variability of historic materials and constructidechniques and lack of
detailed information about how specific types detate and implications for
repair;

« Requirement to undertake destructive testing oftoete structures to achieve
reliable condition survey results;

o Lack of long-term evidence-based information on é#ficacy of treatment
methods;

« Lack of agreement within the field on basic progedimethodologies for
concrete repair (resulting in poor repairs);

» Undertaking effective repairs without affecting appance;

« Constant adaptation of repair products and thelahifity of independent
information about their efficacy and use.

2. Issues that could be addressed by filling inforation gaps through the
creation and dissemination of literature:




o The currently available literature on concrete ewowation is patchy and
difficult to access;

» Concrete repair publications are dominated by esfees produced by
manufacturers or those with a vested interest;

« How to access the most useful and factually corirdormation given there is
so much available;

« Lack of published case studies on concrete congervaith detailed technical
information;

« ldentifying the best places to publish to ensuad the information reaches the
desired audience.

3. Knowledge gaps that could be met by education drtraining activities to
advance the field:

« Insufficient respect for the craft skills sometimeeded and perhaps even less
within the concrete industry;

« There are very few concrete conservation expetésnationally;

» The concrete conservation industry is not perceiteetbe large enough and
therefore universities and technical colleges armtarested in meeting the
needs of this small market;

« There are no widespread qualifications, certifaatior requirements for
working on a conservation of concrete heritagequ;j

« Identifying where and how to deliver the trainimgreach the correct audience;

o Concrete is a new area of conservation and so iswidely included in
conservation course curricula;

« Limited qualified trainers available to deliver e¢sas to industry and
conservation practitioners.




Potential Research to Advance the Conservation
of Concrete

Research is an area of activity that the Getty €osaion Institute is well
placed to undertake, possibly in collaboration wother organizations. The GCI
identified modern materials research as one ofptitential core activities of the
Conserving Modern Architecture Initiative and caeter conservation specifically
as a priority. The experts’ meeting's principle aiwas to identify potential
research questions and assist in framing poterdgggarch activities. Both short-
term actions, that can be simply and quickly uralerh to provide a direct impact
on the field, and long-term actions requiring a enaoncerted effort to target
specific areas of the field were considered.

There are many issues influencing the deterioratioooncrete heritage structures
including lack of recognition for the material vakiand unwillingness to apply the
usual conservation methodologies and levels ofstigation, diagnosis and repair
approaches, which can be seen as more expensivetidradard repair approaches.
Shifting thinking to long-term repair solutions thancorporate long-term
maintenance into the approach and advancing kngeleabout many of the
challenges facing the conservation of concrete gild to improved decision-
making and informed choices for conservation.

Research that would address a number of the issgeed as priorities by the
group and that could potentially advance concreiaservation practice were
divided into three categories; 1. investigationaggiostics and analysis, 2.
methodological and repair processes, and 3. repaierials. In addition the group
identified research that gathered information frpast case studies as a means of
understanding the efficacy of different technigaed approaches.

Investigation, Diagnostics and Analysis

The emphasis in conservation practice is to bas& ww a sound understanding
of a building’'s history, its condition, risks and aassessment of its heritage
significance. Therefore access to tools and techlssgthat provide as much
information as possible with the least physical aipto the building in the process
is critical. Accurate and detailed investigatiordatondition assessment, usually
using a variety of diagnostic tools, are essemtigps in the process to identify the
deterioration of a structure and for the developnoémepair proposals. Being able
to predict or at least understand ongoing detetimmeand the affect of any repair
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processes is also critical when developing conservaproposals. Currently
investigations are undertaken by someone familiién architectural conservation
but less well versed in concrete, or by someonalifanwith concrete structures
but unfamiliar with conservation practice. At presé is rare to find professionals
confident in both of these fields. There are alsnithtions on the available
information currently available to practitioners f@a number of the critical steps
identified above.

Research on the material character of historic correte and its constituent
materials, and implications for deterioration and mnservation

There are an increasing number of publications istotic concrete, however the
information on the types of historic concrete usedcattered and ad hoc and does
not get to a level of detail that is often necegsanen it comes to conserving it. It
has also not reached a level of maturity whereepadt of deterioration and
durability have been identified and related to cete and concrete system types.
The group agreed that there is a need to underedearch that brings together
existing, and undertakes new research about therimalatharacter of historic
concrete as a basis for conservation work. The grsuggested that producing
information in the form of an atlas of concrete dgptheir constituent materials
(reinforcement, cements, aggregates, etc.) usddricslly, and how to recognize
these would be of great assistance. Gathering rirdtion of different historic
reinforcement types and materials, compositionjgtheand deterioration patterns
and cement types used and so on, would assistilidinguup information to help
practitioners undertaking assessments and diagoddimildings. Coupling this
information with results from material analysis amttier information drawn from
previous projects on typical deterioration probletingt relate to specific historic
concrete types, would build up a body of informattbat would benefit the field.
Encouraging student theses on the major concretiersg from different periods
(Hennebique for example in the pre-war period, ®bkton in the post-war and so
on) or identifying research priorities for charaization studies would help
advance this research.

Materials testing laboratories are highly familisith modern concrete samples;
however there can be misinterpretation of histoancrete samples due to a lack of
knowledge of the development of concrete and thailability of production
techniques and materials. Research into histomcrete types and materials could
therefore improve knowledge at the testing labaraso Such research that would
provide knowledge of the historic materials useduim would assist the decision
making for conservation methods and materials.

Documentation currently underway by a European taarpart of the Redmonest

! For example the source of iron used for the prtidoof rebar in the United States is
understood to have changed following the seconddmear. The earlier source of iron
contained copper, which is thought to have contatiuo a slower rate of corrosion
than the new source.
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Projecf is recording the scope of concrete heritage withia region of study.
Factors being recorded include the compositiontreiciures, date of construction,
and construction specifics. One aim from the outeahthis project is to be able
to demonstrate the size of the potential concreteservation market to encourage
interest in developing the field. This could wedl & project that could be rolled out
internationally to improve both the profile of ceate conservation but also our
understanding of the historic concrete built envinent.

Developing new or improving existing tools for usén diagnostics to improve
the ability to better understand deterioration in less destructive ways

Improving knowledge on the investigation and disgjsoof concrete buildings
could be achieved through education and trainirdgymoviding robust guidance on
the assessment methods and diagnostic tools alailBiese are addressed in the
following sections. However, the group also recagdi a need for research that
identified new and improves existing diagnosticl$am enhance accuracy, reduce
physical impact on historic fabric, and improve #islity to predict the long-term
behavior of historic concrete.

It is essential to be able to establish the locatiQuantity and condition of
reinforcement within a structure. Radar is curnerniie most popular method for
identifying the presence of reinforcement, howeit®accuracy can be questioned
and it can be difficult to cover large areas ofracture. In addition to the location
of reinforcement, a key area of research that wastified is the ability to assess
the condition of the reinforcement without havirguse destructive investigation
techniques. Identifying the presence of corrositmthickness, and also its rate of
development are current goals for the developménsuech technologies. The
development of battery-operated sensors providespaortunity for more simple
longer-term monitoring of the development of coiwas however this would need
to be done without compromising the historic fabric

Another area of development that could greatlysadsie field is enhancing the
ability of mapping the presence of moisture witldancrete. Development of
technologies that enable the 3D visualization ofstuwe within concrete could aid
understanding of moisture movements within a caecs&ructure, identification of
the source of the moisture, and how to preveringeess.

Long-term monitoring is required to track the stuwal condition of a building.
The expert group was therefore keen to promotearekeand development that
could enable a more rapid assessment of strugnwaément. In combination with
this would be the development of technologies afidrmation that could improve
the ability to predict failures. One suggestiontascreate a system that enables

2 A summary sheet of the Redmonest Project backgramd aims can be found on this
link: http://www.heritageportal.eu/Browse-Topics/BUILT-RETAGE/Factsheet-10-
REDMONEST-Monitoring-Dynamic-Network-for-Existingt$ictures-of-Concrete-
Cultural-Heritage.pdf

3 A team based in Florence, Italy, is understoodealeveloping this area but at present are
limited in the depth that they are able to mapqmp
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users to input new data into the standard modetsl dier failure prediction to
improve the accuracy of the models.

Repair Methodology and Processes

There are still a number of areas of research mketmlenprove knowledge on
many of the repair options available, their effigatife span and methods for
undertaking repair techniques. The group identiffeedumber of specific areas,
which are discussed below.

Improved knowledge on the life cycle of repair metbds and the role of, and
techniques for maintenance

There is now a body of concrete repair works uraden to historic buildings over

the last few decades that can inform practiceoalgh this information is largely

unharnessed and does not assist in assessing rdelon effectiveness of the
repairs used. There is little information on thfe Ispan of the various repair
methods as monitoring and evaluation of concrepaireor conservation work is

rare. Although it is recognized that most solutiom$l not be permanent and

reinforced concrete will over time continue to deaapair work is undertaken on
the basis that the service life of the structurd bé extended for a reasonable
period of time with minimal intervention. A greatenderstanding of the life cycle
of concrete repairs is required.

Conservation practice often subscribes to the ithed maintenance can play an
active role in the repair process delaying largales intervention. There is little
information on monitoring, evaluation and the rofeongoing maintenance as part
of a repair and long-term conservation strategycfumcrete. Research in this area
could potentially open up a wider range of optiémghe conservation process.
Improved information on maintenance programs gediyecauld also extend the
service life of repair interventions.

Patch repair techniques

The vast majority of concrete conservation projecestriggered by visible damage
and therefore patch repair of concrete is an iaegart of any repair project.
Despite this being the most commonly used repairtgue, there is widespread
disagreement within the industry on some basic rpaters for undertaking the
repair. Unsurprisingly with this level of disagreemh a large number of patches are
said to fail within a relatively short timescaletlwvia suggestion that if we go back
10-20 years a large majority of cement patches hille failed. These figures are
likely to be as relevant for conservation projexgsany other.

4

Grantham states that ‘50% of all concrete patchirswill fail within 10 years’ Grantham,
Michael, ed. 2011Concrete Repair: A Practical Guideondon; New York:
Routledge/Taylor & Francis.
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The first stage of undertaking a patch repair isetbove the deteriorated concrete
and prepare the area for the repair. Group dissnssndicated that in the US it is

standard for patches to be undertaken with a $itajgometry, whereas this is not
the case in Europe, although there is some crossdWe argument given for a

straight geometry is that it is supposed to redtlee amount of shrinkage

experienced, however it may require the removdhafer amounts of the historic

concrete. As our aim is to save as much of thehéstabric as possible this could

be an important area for further research

An associated issue is that if it is deemed necgssa remove corroded
reinforcement and splice in new rebar the curréamidards specify a certain level
of overlap with the original rebar which can reguiemoval of additional amounts
of the historic fabric. The current requirements fihis overlap could be
investigated to see if a reduction in this overl@p possible under certain
circumstances where the stability of the structsimeot compromised.

Good surface preparation is essential for the sscagf a patch repair. All
deteriorated concrete must be removed and the csurfaken back to sound
material. The resulting roughness of the surfacmissidered to be a key factor in
the adhesion of the new patch material althoughatigressiveness of the method
used for removal has to be balanced against thenpak for producing micro
cracking in the surrounding afearhe prepared surface is required to be ‘clean’
prior to application of the patch material, as $jed by repair product
manufacturers, but there are no parameters forrdateg what is clean. A set of
guidance notes could assist with this judgment. @hethe major points of
contention in the industry is whether or not thepgared surface should be wet
before application of the patch repair. This needbe researched and addressed
because such a fundamental difference in approamh anly result in a
continuation of failures.

These examples highlight the need for more defimitivork in patch repair
techniques to resolve, to reduce confusion, anteitoforce the need to develop
standards for patch repair.

Realkalization
Realkalization is a popular technique that has bessed on a large number of

concrete buildings affected by carbonation to iaseethe pH and reinstate the
passive layer to the reinforcement. A study undenaby the French Laboratoire

5 Considering the poor statistics for the lifespapatch repairs this is particularly
important otherwise what may result is an on-gaegmoval of unnecessary amounts of
the historic fabric each time a patch needs tcelpéaced.

8 This issue among others is being addressed asfidm European Redmonest Project
(project factsheet available to download on thik li
http://www.heritageportal.eu/Browse-Topics/BUILT-RHE AGE/Factsheet-10-
REDMONEST-Monitoring-Dynamic-Network-for-Existingt$ictures-of-Concrete-
Cultural-Heritage.pdf).
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de Recherché des Monuments Historiques (LRMH) basd this method to be
ineffective, with areas where the technique wascessful only retaining their
heightened pH for around two years. It was argied there have, however been
other studies that have found this technique tsueressful and there is a large
amount of on-going research in this field. Thereswyaneral agreement within the
expert group that this is a field that could ben&fim the reassessment of well-
documented past proje€snd in addition a literature review to identifynse of
the key pieces of research and evidence for anidstghe success of this process.

Cathodic protection

Cathodic protection is a method that is generalpnsidered as the most
comprehensive means of preventing corrosion offeetement. However, its
application to historic concrete buildings has bdienited as it is destructive
physically, often visually disruptive, and there ahallenges to designing a system
that connects all of the reinforcement. Developnudriattery technology could be
the answer to the visual disfiguration caused leylnge amount of cabling that is
currently required for a CP system, but thereilsrsd solution for preventing the
loss of historic fabric when embedding the ano&exause CP is an active system,
maintenance is required, although the level of temiance was debated by the
group. There is some question as to whether a ‘bffiémwt’ exists whereby an area
surrounding that being treated by CP is negatiadfgcted; opinions differ and
again this could be an interesting topic to rededmncther. If concrete is affected
by chlorides CP is often the only recommended amas®n technique and
therefore it is important to develop it to be ma@mpatible with conservation
needs.

Corrosion Inhibitors

Corrosion inhibitors have been found to only becesgsful in a limited number of

situations and therefore the number of buildings they can be used on is very
small. In addition, migratory corrosion inhibitoreeed to be applied to a clean
surface, which would result in the removal or damégyany surface patina that is
present. This field has not been identified astortee pursued as a priority.

Repair Materials

Patch repair materials

In addition to the need for improved understandialgout the process of
undertaking a patch repair, is the need for bétfermation on repair mortars. It is
hard to produce a definitive guide to the availat@pair materials due to their
ongoing development and the fact that it is afféchy industry competition.

Researching the characteristics and performaneeners required for successful

" High profile projects where the realkalizationtrifjue has been used include the Hoover
Building (1938) and Uxbridge Station (1904), bothndon, UK.
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repair materials however could significantly aictideon-making and specification.
Manufacturers data sheets do not always displayofalihe information that a
specifier may wish to see and this may be an oppityt to highlight the
importance of such information. The GCI's work ocevdloping appropriate tests
for selecting grouts for use in conserving architead surfaces may be a useful
model for assisting in the selection of concrefgemortar&

Conservation work often aims for like-for-like repkement of materials both
materially and aesthetically. In terms of patchaiepthere are many reasons why
this may or may not be a good idea or feasible. Nemcrete tends to have trouble
bonding to old concrete which is why the indusepds to use polymer modified
mortars, but there may be alternatives that shbeldnvestigated or developed.
Every project requires a slightly different surfdagsh to match the original, and
therefore this can be difficult to research andvjgte effective guidelines. A
variety of surface finishes characterize concretéldings and there is little
information on these or how to reproduce them. talogue of surface finishes and
ways of achieving these could be researched andlafgad to provide guidelines
on how to achieve the different surface charadiesishat may be present.

Standards for mortar specifications vary internsty. The EU standard
(EN1504) results in specified special mortars dr#ing possible for large volumes.
Manufacturers will not produce small volumes ofpadfied mortar because of the
expense of getting the EC certification. For thgagon it is common for people to
use pre-bagged mortars, which may not be optimaltde project. In the EU
mixing on site will preclude a warranty, which magt be acceptable. In the US
there seems to be more ability to specify smalhtjtias of specified mortars from
manufacturers and pre-bagged materials tend nlo¢ tosed for heritage structures.
If different standards can be developed and adoftedonservation projects this
may improve the ability to work in a conservatioontext rather than a repair
context. Conservation may need specialized mixesdme projects and brokering
such approaches with standard-setting institutioag therefore be needed.

Coatings, hydrophobic treatments and consolidants

Surface coatings for concrete were identified akeg topic for research and

development. The four main groups of surface cgatiare film-forming sealers,

surface hydrophobic treatments, penetrating hydsbjgh treatments, and

consolidants. Film-forming coatings are undesirabbe the conservation of

exposed concrete buildings because they changapiearance of the surface; the
other three groups are worthy of further considenat

Hydrophobic treatments were identified as the fiidor further development and
research given the critical role limiting water ysain reducing reinforcement
corrosion. There are several concerns with theofisgydrophobic treatments that
are important to highlight in terms of conservatamd that any research needs to

® Information on the GCI project Injection Grouts fbe Conservation of Architectural
Surfaces :Evaluation and Treatment is availablérenat
http://www.getty.edu/conservation/our_projectstigbrojects/grouts/index.html
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address:

« Depth of penetration of penetrating hydrophobiatmeents;

« Percentage concentration of product that achidwesi¢sired result and is able
to penetrate;

o Lack of reversibility;

» Need for regular retreatment;

« Future limitations for retreatment using alternatproducts;

« Potential for uneven weathering; and

« Potential for increase of corrosion of the rebae da an alteration in the
moisture levels.

Most of the research on hydrophobic treatmentsufa in conservation has been
undertaken on stone and more specifically stonh &t open pore structure such
as sandstone. Although participants were awareowfesongoing research it was
agreed that there may be a need for further relseamctheir use and success on
concrete. In addition, most of the products on rirerket for concrete will have

been developed for modern concrete, but these raapatessarily be compatible
with historic concrete, which may be less dense wafitth a more open pore

structure. It may be that alternative products naedbe developed for historic

concrete.

There is a long history of the use of hydrophob@&atments on concrete heritage
buildings (c.40 years) particularly in the trandption industry on bridges. This
history of use should provide the opportunity to lgack and assess the current
condition of these structures to see if any ofdbecerns above have proven to be
an issue. A literature review to document past present developments of these
treatments and their use would assist specifierselacting appropriate products.
Further research and development of hydrophobiatrirents would need to
consider all of the points raised above. In addijtidevelopment of a non-
destructive method for effectively measuring thecass of a treatment would
greatly benefit the field.

There is research currently on going as part ofEbheopean Redmonest Project
addressing the use of silanes (penetrating hydtmphoeatments) on concrete with
and without carbonation and corroded reinforcement.

Lithium treatment for the reduction of the effedfsalkali-silica reaction (ASR)
was briefly discussed by the expert group. Oneeissuthat ASR is often mis-
diagnosed, however there is understood to be moejoing research on the topic
because it has been identified in many nuclealifiasi and therefore there is a
concerted effort to identify appropriate treatmentghium treatment works by
controlling the expansion of the silica gel on esqp@ to moisture, however it is
difficult to get the lithium to reach the zone wleanoisture levels are fluctuating
and therefore this is a potential area for furtresearch. Given the scale of the
issue as it affects historic concrete buildings thas agreed not to be a priority.

Consolidants are more commonly used on stone layt nay have some use for
concrete, particularly in the case of sculpturatnetnts. Most of the known
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research has been conducted on stone and theréfere is much space for
development of these products for concrete andrégearch into their effects.
There are also some developing technologies thatidwe of interest to the field
such as bioconsolidation with biosilicate or biduarate.

Case Studies

Reassessment of past conservation and/or repgicpsoon historic concrete
buildings was agreed to be a major source of in&tionm for the development and
improvement in our understanding of current andt gasservation treatments.
There are many potential issues with this form edearch including lack of
documentation and the difficulty of identifying thiifference between failure due
to the specified materials, failure due to repa&chhiques, and failure due to
workmanship. The reassessment of projects cankedsieighly subjective. It was
agreed that a framework for the reassessment ofeceation or repair work
undertaken to concrete structures could be venyaldé in terms of the usability of
the data collected. It was agreed that there mightsome resistance to the
reassessment of conservation works because no anés wo have their work
reported as a failure. Developing a template fal@ating past projects and work
undertaken, as independent research to assessffitecye of approaches and
techniques would help to acquire more accuratelteesBuch evaluations could
commence with simple visual evaluations then mavenbre detailed analysis
using test techniques and methods.
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Filling Knowledge Gaps: Creating and
Disseminating Information to Advance the Field

In advance of this meeting the GCI produced a dr&fConserving Concrete
Heritage: an Annotated Bibliography’. This publicat is composed of five
sections:

1. History and Development of Concrete;

2. Concrete Deterioration and Damage;

3. Historic Concrete Diagnostics, Monitoring, Nondastive Testing,
Investigation, and Assessment;

4. Approaches to Conserving Historic Concrete; and

5. Conservation and Repair of Historic Concrete.

The annotated bibliography aims to bring togetier key international texts that
specifically address concrete conservation. A Behihumber of key texts from the
concrete repair industry were included due to thelevance to conservation and
the importance placed on these documents withinbtibader concrete industry.
One of the purposes of producing this bibliograplas to try to identify the gaps
in the literature to inform future research and epbial publications. The

bibliography will be developed over the next coupfenonths and then available
for download from the GCI website.

The published literature on the conservation ofccete is at present rather patchy
and often difficult to locate or access. In cortridere is a very large body of
published work on concrete repair, but this is astvthat it can be difficult to
navigate for those new to concrete from a consenvdtackground. In addition,
much of this work has been produced by the condnelgstry and manufacturers,
which can make it extremely difficult to identifyhich publications are truly
independent and which are biased towards indugjpyceaches and products. There
is also a body of academic research on concreteekder, given the scope of this
work it is difficult to identify the research undaeay of relevance to conservation.

Many of the best guides to concrete conservatianecfom government heritage
bodies in the English-speaking world and Francewéi@r, these are fairly
introductory having largely been developed whenceete buildings were only just
becoming protected and were intended to cover bakemation only and do not
provide a level of detail that may be necessarg IRMH guidance documents do
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move into a level of technical detail that is vesefuf.

Ideas discussed at the meeting as useful literatoirethe conservation field
included a glossary of terms, information on thareleteristics of concrete heritage
(as discussed in the research section), technigdhgce notes, a compendium of
case studies, translations of useful publications increase dissemination
internationally, and revision of pertinent but efitdate publications.

Glossaries of terms exist separately for the coagiem and concrete repair
industries; however there is no known glossary ifijget concrete conservation
and this could be a useful contribution to thediiedn alternative to the production
of an entirely new glossary is to have concreteseoration terms included within
new productions of the current glossaries. Suchioasgry could build on the
excellent work undertaken by LRMH published in Frienand perform a similar
role to thelCOMOS-ISCS lllustrated Glossary on Stone DetetioraPatterns’.
Translating the LRMH publications to English woudtbvide wider access to this
information.

Technical guidance notes for concrete conservatmd provide a very useful
resource, particularly for those new to the fielthese could come in the form of
brief notes on key subjects or broader publicationsvider areas of the industry.
These guidance notes could be aimed at building eosyncontractors or
professionals who may each require a different llesk information. One
suggestion for a guidance note was something thalg identified five or six
parameters to look for on product technical datzeth to assist material
specification and a little detail about the impadea of each parameter. Another
suggestion was a simple set of notes highlightimg different stages that one
should undertake when approaching a concrete coatsam project. Building
owners are often the people selecting the contramtengineer for their project
and therefore providing a set of guidance notesofeners could help to get the
right people involved at the start of a projectvBleping publications that identify
the role of maintenance for concrete buildings @las identified as a specific area
of need. It was recognized that there is reseamtk ¥0 be done in preparing such
information given current debates on a number efffocesses involved and this is
a larger task than simply repackaging existingrimation.

Encouraging the publication of case studies withaitkd technical information
about the work that has been undertaken was somgetiiat the group identified as
a very useful short-term activity. In addition tog, technical re-evaluations of past
repair would be highly beneficial to improve ourdenstanding of successes and

° These include:. ‘Le Nottoyage des bétons anciguiste des techniques et aide a la
décision, M. Bouchou, E. Marie-Victoire, Cercle gestenaires du patrimoine, Cahier
technique no4, Champs-sur-Marne, 2009, 43p.’and dl&érations visibles du béton:
définitions et aide au diagnostic, E. Marie-Vic&iCercle des partenaires du
patrimoine, Cahier technique nol, Champs-sur-Mat886, 32p.’

1% vergés-Belmin, V. (ed) 2008. ICOMOS-ISCS: llluséd glossary on stone deterioration
patterns Glossaire illustreé sur les formes dafién de la pierre. Champigny/Marne,
France
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failures of the past to improve our future decisinaking. Learning from
successes and failures, was recognized as imppghindbugh understandably the
industry is not keen to advertise its failures aothpanies often do not want to
publish information on methodologies for reasonsahpetition.

As mentioned previously, the published informatifstom the concrete repair
industry is dominated by research undertaken by ufaaturers. Therefore the
production of further independent research wouldaiely be of benefit for the
industry.

Developing simple lists of key organisations invadvin the concrete industry
could be a useful contribution to the field of coate conservation. The GCI has an
opportunity to act as a guide for pointing inteeglspeople in the direction of the
available sources of information. This could beseful addition to the annotated
bibliography.

Some projects with directly publishable results eveuggested during the meeting
including:

« A literature review of penetrating hydrophobic treants (silanes) for use on
concrete;

« A publication on how to undertake patch repairs emsdite successful finishes;

e Publication on repair methods that we now know ¢oifmppropriate despite
having been popular in the past, as a way of disgpng practitioners from
using them (e.g. epoxy coatings);

» Production of addendums to currently available m@ltén the concrete repair
industry such as the American Concrete Institut€ljAConcrete Repair Guide
which could ideally be incorporated or otherwisedmavailable as a separate
publication; and

« Contributing to an Owner’s Guide already in prodluctas part of the ACI's
‘Vision 2020’ project rather than producing our awn

Identifying the best places to publish is importémtensure that the information
reaches the desired audience. It was recognizedntiegrating conservation needs
into broader technical literature is important. T¢@servation industry is fairly

contained and targeted information is fairly easypromulgate. The general
concrete repair industry however is vast and ggtttargeted conservation

information to this audience is more challengingn ® smaller scale in terms of
publishing, there are several electronic newsletmr bulletins produced by the
concrete industry on a regular basis. Contributsnthese could be a good method
for reaching a wide audience and introducing corat@n issues and needs.
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Potential Education and Training Activities to
Advance the Field

The first consideration for contributing to eduoatiand training activities in
concrete conservation is to correctly identify thedience. The audience can be
divided into people who are highly knowledgeablewthconcrete repair but have
little experience in concrete conservation, andé¢haho are highly knowledgeable
in conservation but have never worked with concr8econdly it can be divided
by profession; broadly contractors and specifiaut this can be subdivided into
laborers, site supervisors, engineers, architewisers, manufacturers, and so on.

The well recognized challenge in the constructiod aonservation industries is
the access to craft skills and this is exacerbatighin the concrete industry. One
of the characteristics of the concrete industry is@xpansion in the post-war era
was a move to less skilled labor. Conservation isfohic concrete, particularly
patch repair work may demand skilled workers whaogmize the importance of,
and are able to undertake aesthetically and tealiyniappropriate repair work;
essentially crafting an industrialized material.

A program of training for contractors currently idefred in Belgium could act as a
framework for developing training programs interoaally. There is a two day
program involving a half day of theory, half dayagtical, and the second day
includes an exam which is to undertake a patchiregawhich three checks are
made; is it flat, are there cracks and how is ftifleeaion? The training is provided
by the Federation of Repair Contractors.

Specifiers require a good understanding of the denxiees involved in both

concrete repair and concrete conservation. Theyl neeconsider the affect that
their repairs will have on a structure physicattiiemically and aesthetically. It is
essential for this group to understand not just ,hout why things are done in a
certain way. The poor quality of condition assessme@rior to the commencement
of work was one of the issues that were broughtfarpdiscussion. The expert
group felt that this has to be a major focus ofttiaéning as it is the backbone for
all decision-making. Equally it is important forexifiers to know what they don't
know and therefore to understand at what stage soenwith greater experience
should be brought onto the project. They should dle able to identify the

difference between a good and a bad repair sotklegt can supervise projects
knowledgeably. Given that concrete is essentialgractural material the input of
an experienced structural engineer, versed in ceasen approaches, will be an
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essential part of any team. Specifiers are genyeratthitects and engineers who
tend to require continuous professional developni€RD) to retain their statuses.
This is an excellent opportunity for offering edtioa and training courses.

The group agreed that the goal is to work towalds ihtegration of concrete
conservation training within standard concrete #idu training, rather than
develop a separate track. The Concrete Industryalglament course at California
State University, Chico, provides an interestingdeiofor this. The majority of
training for engineers and architects, particulamiyhe US, focuses on new design,
and they do not learn what happens after the ctandras been placed. In many
countries there are regulations or certificatioguieements for the architects or
engineers who can work on listed or landmarkedsshewever it is very rare for
these professionals to have much, if any, trainmgoncrete repair and concrete
conservation. An issue with education and trairimgoncrete conservation is that
the industry is not perceived to be large enoughuiciversities and technical
colleges to engage. Similarly, concrete consermatioes not tend to receive much
recognition as part of the majority of conservatmurse curricula. This is most
likely because it is a relatively new area of comagon, but also due to the lack of
experts available to provide the training.

An indirect way to improve the quality of concratenservation being undertaken
is to provide training and education for non-spksti® such as building owners.
This is could improve the selection of specifierd econtractors for a job and
encourage the owner to think beyond the cheapéisinop

Quialifications and certification are one optionctmsider for increasing the ability
of project managers to select appropriate peoplenaheir projects and for these
people to employ appropriate contractors. Certifocathrough professional bodies
may be the best approach. There appears to be smps towards a European
certification, presently limited to individual cowies. There is some movement
already from industry bodies to have certificatfon concrete repairs, but it is up
to specifiers to identify the requirements for cantors and to ensure that it is the
gualified people working on the project. This cobkla good thing to promote and
encourage.

Once the target audience is identified, where amd to deliver the training are
important considerations. The annual ‘World of Gete’ trades show (or similar)
was cited as an option for reaching a potentiallghaudience from the concrete
repair industry. Alternatively working with conceetndustry bodies such as the
American Concrete Institute and International CeteRepair Institute, to develop
interest and training programs may be an optiores€htwo groups are already
working together to produce an online training pamg for concrete repair, and
this could be an opportunity to include conservatigthin this program. Training
for conservation practitioners could be carried atuthe annual conferences of
conservation bodies such as the Association forsdPvation Technology
International, American Institute for ConservatiohHistoric and Artistic Works,
Institute of Conservation, etc. Developing shodirting modules and didactic
materials for use by training providers was ideetifas a useful way forward.
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A first step in advancing training and educatiortivdties was identified as

developing a database or simple list of existimjning being delivered to the
different sectors of the industry. This would helpderstand the scope of existing
work, existing delivery modes and the organizatimvelved.
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Priorities

The expert group was asked to identify what thaysatered to be the research
priorities for the field, both short-term actiormt could be undertaken simply and
relatively quickly to have an immediate impact be field, and long-term actions
that would require a more concerted effort. The tapics of research that were
identified as the most important or highest priositere patch repair methods and
materials and penetrating hydrophobic treatmerilangs). In terms of short-term
aims, undertaking and publishing a literature revaf both of these topics was
agreed a useful way to understand what the cukmeoiviedge and developments
are in both of these fields. Long-term researchtified for patch repairs focused
on the need for guidance on how to undertake aesséal patch repair and on the
appropriate specification of materials for thisaiepThis work would be heavily
influenced by the results of a literature reviewd amould require significant
laboratory and on site studies. Long-term reseaghbritized for penetrating
hydrophobic treatments included the assessmemiastftreatments. In addition the
group were keen to discuss the development of abail treatments with
manufacturers.

Two other priority areas for research were the wat#bn of past conservation
treatments and characterization of historic corcr&hese were both identified as
difficult to achieve and would require a concentedearch effort. The reevaluation
of past conservation treatments is essential folousnderstand which treatments
are successful and which are not. To undertakewibik there would be a heavy
reliance on the documentation from when the treatm@ere undertaken and in
addition are very subjective in terms of identifyirsuccess and failure. To
undertake this work in enough detail would reqeneall-scale destructive testing
of materials. The characterization of historic aete could aid the assessment and
understanding of material interactions that ocaurhistoric concrete structures.
This research would require a high level of samgplmd laboratory assessment to
identify the common groups of concrete and typeaggregate and cement binder
used.

Literature reviews were also suggested as goodsieps for identifying the work
that is currently being undertaken in the fieldsnabisture monitoring or non-
destructive testing and realkalization.

Appendix E illustrates the discussions and priesitidentified at the meeting.
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Conclusions and Next Steps

The expert meeting identified a number of poterdi@ions that would advance
the conservation of concrete in the short, medinch lang term. The GCI intends
to investigate these options and develop a progrhmesearch and other related
activities in early 2015. Inevitably and consisteiith the usual GCI approach this
work will be undertaken with other organizations.

In the immediate future the GCI will compleBonserving Concrete Heritage: An
Annotated Bibliographys a free online resource. A publication seriedresbing
case studies on the conservation of modern herisagarrently being developed
with the first volume to cover case studies on tlmservation of concrete
buildings and structures. This publication projeatommencing in late 2014.

Following the experts’ meeting the GCI summarizkd actions identified and

prioritized these at the meeting as summarizethénprrevious section. A potential
action plan of work to advance the field has beevetbped below. The actions are
organized within the categories used at the meaetitigpugh it is recognized that
there is overlap between these categories. For aciiity, desired outcomes or
impacts are identified, specific outputs or produptoposed and potential actors
suggested.

The outcomes of the meeting will be made availavidine and circulated more

widely to potentially interested parties and feadkbaill be sought on the ideas
contained therein.
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Proposed Action

Plan

RESEARCH: AREAS AND ACTIVITIES TO ADVANCE CONCRETE CONSERVATION

Activity: Research on the material character of historic concrete and its constituent

materials and implications fo

r conservation

Desired outcome:

Improved information on
historic concrete types
and how to recognize
these;

Improved ability to
correlate knowledge about
how different types of
concrete decays, repair
issues and responses;
Better analysis of historic
concrete by testing labs.

Outputs:
An Atlas of concrete types
and its constituent parts.

Potential actors:
Heritage agencies;
Universities;
Industry;

GCIL.

Activity: Improved non-destr
corrosion

uctive tools for assessing the condition and rate of

Desired outcome:

More accurate information
on the location, extent
and rate of corrosion to
better develop repair
approaches;

Reduce the use of
destructive techniques.

Outputs:
New/improved tools.

Potential actors:

Industry - equipment
manufacturers;
Universities.

Activity: Development/enhancement of tools for 3D visualization of moisture levels

within concrete

Desired outcome:

Improved understanding
of risk levels due to
potential corrosion.

Outputs:
New/improved tool for
NDT.

Potential actors:
Industry - equipment
manufacturers;

Universities.

Activity: Research that evaluates the life-cycle of key repair types undertaken to

defined standards

Desired outcome:

Agreed methodology for
evaluating repairs;
Better understanding of
the service life of repair
options;

Improved ability to
determine life cycle of
repairs and evaluate
repair options.

Outputs:

Template for evaluation of
repairs;

Data on service life of
repair options and life
cycle.

Potential actors:
Industry;
Universities;
Research institutes.

Activity: Research that facilit

ates the development of stand

ards for repair patches

Desired outcome:
Knowledge about best
practice for undertaking
patch repair that meets
conservation
requirements including
recommendations for
cutting out, placement,
reinforcement repair and
so on;

Clear understanding of
good practice and
elimination of confusion
and contradictions.

Outputs:

Guidance documents /
standards for patch
repairing historic
concrete.

Potential actors:
Universities;
GCI;
Industry.
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Activity: Develop parameters for the selection of appropriate repair mortars for patch

repairs that address regional

country standards

Desired outcome:

. Improved knowledge on
appropriate materials and
selection criteria for
repair mortars.

Outputs:

. Guidance on specification
of appropriate repair
mortars for concrete
conservation.

Potential actors:
. GCI;
. Industry.

Activity: Evaluation of past repairs using specific techniques including realkalization,

cathodic protection and desa

lination

Desired outcome:

. Improved knowledge
about the performance of
past repair processes and
systems (realkalization,
CP etc.) to historic
buildings.

Outputs:

. Evaluation technique
established for ongoing
monitoring and evaluation
of repair projects;

. Publication of evaluation
of case studies of past
treatments.

Potential actors:

. Universities;
. GCI;

. Industry;

. Practitioners.

Activity: Further developmen

t of CP systems for heritage conservation projects

Desired outcome:

. Potential to use CP with
reduced physical and
visual impact to historic
buildings.

Outputs:
. Improved CP systems for
heritage conservation.

Potential actors:

. Industry;

. Universities;

. Heritage agencies/
research institutes.

Activity: Develop methodolo

ies for replicating existing surface finishes

Desired outcome:

. Shared understanding of
how to replicate historic
surface finishes during
repair works.

Outputs:

. Guidance document on
replicating historic
surface finishes.

Potential actors:
. GCI;

. Industry;

. Universities.

Activity: Undertake a literatu
concrete

re review on the use of hydrophobic treatments on

Desired outcome:

. Synthesis of information
on the use of
hydrophobic treatments
in concrete repair which
will assist in determining
where further research
may be of benefit.

Outputs:
. Literature review.

Potential actors:
. Universities - Colombia;
. GCI.

FILLING KNOWLEDGE GAPS: CREATING AND DISSEMINATING INFORMATION TO
ADVANCE THE FIELD OF CONCRETE CONSERVATION

Activity: Complete and publish Conserving Concrete Heritage: An Annotated

Bibliography

Desired outcome:

. Improved access to and
knowledge about
currently available
information on concrete
conservation.

Outputs:

. Online publication;

. Index of organizations
engaged in concrete
repair and conservation.

Potential actors:
. GCI.

Activity: Glossary or terms in

cluding definitions of deterioration mechanisms

Desired outcome:

. Improved understanding
on the deterioration
mechanisms for historic
concrete;

. Alignment of terminology
for practitioners across
conservation and repair
sectors.

Outputs:
. Illustrated glossary
publication.

Potential actors:
. GCI/ LRMH;
. Industry.

Activity: Technical guidelines on a number of identified con

proc and techniques

servation and repair

Desired outcome:

. Improved understanding
and quality of
conservation work.

Outputs:

. Suite of guidance
documents targeted to
conservation audience.

Potential actors:

. Heritage agencies;
. GCI;

. Industry.
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Activity: Integrate conservation approaches and methods into industry standards and

guidelines

Desired outcome:

. Conservation needs
better understood and
included in general repair
information.

Outputs:

. Industry standards
guidance includes
conservation needs,
methods;

. Include conservation in
Vision 20 Owners Guide.

Potential actors:

. Industry;

. Conservation bodies;
. Heritage agencies;

. GCIL.

Activity: Document case stud
conservation projects

ies and share experiences and

knowledge from

Desired outcome:

. Access to information on
approaches and
strategies for the repair

Outputs:

. Case study publication on
concrete conservation as
first in a series on

of concrete heritage.

modern materials.

Potential actors:
. GCI.

POTENTIAL EDUCATION AND TRAINING ACTIVITIES TO ADVANCE THE FIELD OF

CONCRETE CONSERVATION

Activity: Develop list/database of training activities in concrete repair and concrete

conservation

Desired outcome:

. Knowledge of existing
training activities, who,
what is covered, where,
and gaps and potential to

Outputs:
. Reference list of training
outlets.

fill these.

Potential actors:
. GCI;
. Industry (ICRI, ACI etc).

Activity: Develop basic concrete conservation training module for conservation

practitioners

Desired outcome:

. Improved understanding
of conservation
practitioners on how to
approach the
conservation of concrete.

Outputs:
. Training module and
didactic materials.

Potential actors:

. APT/ conservation bodies;
. Industry;

. GCI;

. Universities.

Activity: Develop basic conse

rvation training module for concrete repair industry

Desired outcome:

. Improved understanding
of conservation
practitioners on how to
approach the

Outputs:
. Training module and
didactic materials.

conservation of concrete.

Potential actors:

. Industry - ACI, ICRI etc.;

. Conservation bodies (APT
etc.)

. GCI.
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Appendix A: Participants Profiles

Beril Biger-Simsir graduated with a BS degree in civil engineerimgrfrthe Middle East
Technical University in Ankara, Turkey, and an M&dee in civil engineering, with a
specialty in the area of construction materialsirfithe University of lllinois at Urbana-
Champaign. She currently works as an assistamtisiiet the GCI, where her research
interests include lime and lime-based hydrauli@remortars and grouts. She is an active
member of ASTM Committee CO7 on Lime, RILEM Techali€ommittee (TC) 203 on
repair mortars for historic masonry, and the RILEM 243 on specifications for
nonstructural grouting of historic architecturatfsges.

Luc Courard is Professor of Building Materials at the Univéysf Liége in Belgium.

After completing his PhD work on concrete surfabaracterization in the late 1990’s, he
went to Laval University for a postdoctoral felldws devoted to surface preparation of
concrete prior to repair. Most of his researchwétigis are still dedicated today to concrete
surface characterization, new repair materialsaamplementary cementitious materials. Dr.
Courard is a member ACI, RILEM and the Belgian Grofi Concrete. He authored or co-
authored more than 140 peer-reviewed papers.

Alice Custance-Bakeris a Consultant to the Getty Conservation Ingitutd one of the
authors of ‘Conserving Concrete Heritage: an Anteat8ibliography’. She also works for
Nicolas Boyes Stone Conservation Ltd (Edinburghy memotely from Los Angeles.
Previously, Alice was the Building Materials Analyg the Scottish Lime Centre Trust.
Alice received her BSc Hons and MSc by Researcbdanlogy from the University of
Edinburgh. Alice has undertaken a wide range okeovation training including the
ICCROM 17th International Course on Stone Conséudteld in Rome.

David Farrell is the managing director of Rowan Technologies htt).K company that
specializes in the development and applicationesy methods of conserving the fabric of
historic structures and buildings. David gainesl MiSc in maintenance engineering at the
University of Manchester in 1982 and went on to ptete his PhD in corrosion
engineering in 1984. David set up Rowan Technok@iel 991 to further his research and
development ambitions. The company has been damésiito English Heritage since 1991
and have worked on many research and developmeradnisory projects during this time.
This work has included trial and full-scale repao$oth historic and non-historic
reinforced and mass concrete structures on church#sedrals, castles, fortifications and
monuments.

Tanya Komas PhD. Architecture, Texas A&M University; MS Histo Preservation,
Columbia University; BS Landscape Architecture, D&vis. Chair/Professor, Concrete
Industry Management, CSU Chico. Founding DirecBwoncrete Preservation Institute, a
non-profit educational foundation partnering witathbnal Park Service at Alcatraz. ICRI
Board of Directors & Chair, Evaluation Committeeortdred as one of “Five Most
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Influential People in the Concrete Industry” 20338@oncrete Construction Magazine.
Several appearances on History Channel as conexptt.

Tom Learner is Head of Science at the Getty ConservationtuistiGCI) in Los Angeles.
He has a PhD in chemistry (University of London97p and a Diploma in conservation of
easel paintings (Courtauld Institute of Art, Lond@891) and was Senior Conservation
Scientist at the Tate Gallery in London from 199®@. At the GCI, he oversees all
scientific research being undertaken by the In&tiand develops and implements projects
that advance conservation practice in the visual ar

Susan Macdonaldis the head of Field Projects at the GCI. Previgushe was director of
the New South Wales Heritage Office, Australia Aad worked with English Heritage, and
in private architectural practice in the UK and &ala. Macdonald has written widely on
twentieth-century heritage, including authoring aditing Concrete: Building Pathology.
She is secretary of the Docomomo International BfistCommittee, Technology, a vice
president of the ICOMOS Scientific Committee on Tiveth-Century Heritage, and a
member of APT’s Modern Committee.

Elisabeth Marie-Victoire has been working for the Laboratory of Researchstorical
Monuments, a national public service linked to Mrehitecture and Heritage department of
the French Ministry of Culture, for 20 years. Sh@imaterials sciences engineer, in charge
of the concrete department. She is working on ifieation, diagnosis, conservation and
restoration of historic buildings made of concratel has authored a number of
publications on this subject.

Kyle Normandin is a former senior project specialist at the GEityriservation Institute,
where he managed the Conserving Modern Architedhitiative and the Eames House
Conservation Project. Trained as a building coreervand architect, Normandin serves as
the secretary general of the ICOMOS Internatiorcéi&ific Committee on Twentieth-
Century Heritage and is the chair of the Docomomerhational Scientific Committee on
Technology. He has contributed numerous techniapéps on the architectural
conservation of cultural heritage.

Paul Noycehas 25 years’ experience in corrosion, electrodésteynand the repair of
concrete and masonry structures. Professionaliyeidain Electrical/Electronic Engineering,
Paul's groundbreaking work in electrochemistry irt#s realkalization, chloride extraction,
electro osmosis and the extensive use of ICCP dtajye structures. Paul’s recent work
spans from landmarks structures to the largestret&cepair projects in the US, where an
emphasis is placed on long term durable solutionsérvice life extension.

Sara Powersis the senior project coordinator for the ConsegMModern Architecture
Initiative at the GCI. She also works on the Eadesse and Salk Institute conservation
projects. Previously, Sara assisted with the caagian of stone artifacts at the Kelsey
Museum of Archaeology as a conservation lab asgis&he holds a BA in Classical
Archaeology from the University of Michigan.

Thomas Rewertshas a traditional structural engineering practiedidated to solving
construction problems of a particularly troublescemel difficult nature. He has nearly 40
years of experience in forensic structural and itectural engineering. Specializing in
restoration and preservation of historic structuvath particular focus on natural stone,
architectural terra cotta, brick, concrete, andhiectural cast stone cladding systems, as
well as historic structural concrete slab systefRswerts is active in ACI, the International
Concrete Repair Institute and the Sealant Watefprg@nd Restoration Institute, among
others.
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Robert Silman founded his structural engineering firm, Robetlimain Associates, in 1966.
Presently the firm numbers 135 people in threeceffi- New York, Washington and
Boston. They have worked on more than 18,000 ptgjabout half of which are new
construction with the remainder being adaptive eeusnovation and historic preservation.
RSA is a nationally recognized leader in histogsarvation, having consulted on more
than 450 designated landmarks. Robert Silman e=aahthe Graduate School of Design at
Harvard.

Jeanne Marie Teutonicois associate director, Programs, at the Getty @wasion

Institute. An architectural conservator with ovaenty-five years of experience in the
conservation of buildings and sites, she was preshoon the staff of the International
Centre for the Study of the Preservation and Reastor of Cultural Property (ICCROM) in
Rome and of English Heritage in London. She hadighid widely and maintains research
interests in the conservation and sustainable tisaditional building materials.

Norman R. Weiss with nearly fifty years of experience in histodoncrete and masonry
preservation, is known for his work on Fallingwased the Guggenheim Museum. He has
taught at Columbia University since 1977. Prof. ¥geia Fellow of the Association for
Preservation Technology, is VP of MCC Materials;.Jrand Director of Scientific Research
of Integrated Conservation Resources, Inc. He issGbant Editor of the Journal of
Architectural Conservation, and Vice Chairman af BiTT Board of the National Park
Service.
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Appendix B: Background paper

CONSERVING CONCRETE HERITAGE:

AN EXPERTS’ MEETING TO IDENTIFY RESEARCH NEEDS TO ADVANCE THE
FIELD

BACKGROUND PAPER

Susan Macdonald

Introduction

Concrete is one of the most widely used buildingemals of the twentieth century. The
early development of concrete in the nineteenthwrgnrecognition of the structural and
expressive potential of reinforced concrete by irative engineers and architects of the
early twentieth century, its large-scale indusizition, and the subsequent explosion of its
use in second half of the twentieth century, haslted in a multitude of concrete buildings
and structures of a wide variety of types overl#st 150 years.

Many of the modern era’s most exciting structurgsl@ted concrete in a myriad of
creative ways. Today there are a growing numbeoatrete buildings and structures that
have been recognized as cultural heritage siteE&00’s World Heritage List includes
spectacular concrete buildings such as CentenrahliblWroclaw, Poland (Max Berg,
1913) and the Sydney Opera House in Sydney, Aistiddrn Utzon with Ove Arup, 1973),
and more wait in the wings. Le Corbusier’s herdae of concrete spans his career and
illustrates the history of the material in the tweth century. His Dom-Ino System of 1914,
buildings like Pavillion Suisse (Paris, France, @32), and thééton brutbuildings from

the 1940s and '50s, such as the Unité d’'HabitafMarseilles, France, and others) and the
concrete city of Chandigarh, India, influenced &nehitectural use of the material
throughout the twentieth century. Frank Lloyd Wtighapproach to concrete differed from
Le Corbusier's—from his early experiments with itusoncrete at Unity Temple (Oak
Park, lllinois, USA, 1905-08) to his fascinationtvprecast, as used in a number of
buildings from his textile block system of the 18260 the Solomon R. Guggenheim
Museum (New York, USA, design commenced in the $34tbut also attests to twentieth-
century architects’ fascination with and creatisemetimes pioneering, use of the material.
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Thousands of concrete structures and buildingsanebeing identified as of heritage
significance and listed at national and local Ieye¢presenting all stages of the
development of the material from early mass corcoéthe nineteenth century to highly
engineered works of the second half of the twelmtdentury. To be involved in the
conservation of twentieth-century places is to degh concrete in some form or another.
Therefore, a critical mass of conservation pramtiirs adequately skilled in concrete
conservation and well versed in practical solutitmthe long-term care and conservation
of this growing number of culturally significantitdings is essential to sustaining the
heritage of the last century and beyond.

Despite more than twenty-five years of experiemcddaling with the complexities of
conserving historic concrete, there are still séumelamental challenges to reconciling
current repair options with conservation needsustiy driven methods and materials do
not take into account the usual conservation desahdiinimum intervention and
retention of original fabric, and can have a sigaifit impact on the appearance and
materiality of the concrete, which in many casesoie to architectural expression. While
there has been a concerted effort by a small nuwieeritage agencies to advance
knowledge in this field, with some success, therstill a need to enhance the capacity of
conservation practitioners and others involvedtraining, the development of new
information and the promulgation of existing resms, and improved diagnostic methods.
There is also a the need for scientific researdbetter understand the behavior of historic
concrete, to identify the long-term effects of repaand to broker solutions to outstanding
technical problems.

The Getty Conservation Institute (GCI) has convetihégimeeting to bring together a
number of experts engaged in this area of workdou$s how research may contribute to
advancing this area of conservation practice. Thgy3Conservation Institute works
internationally to advance conservation practicthmvisual arts, broadly interpreted to
include objects, collections, architecture, andssitt serves the conservation community
through scientific research, education and trainingdel field projects, and the broad
dissemination of the results of both its own wonkl #&he work of others in the field. In all
its endeavors, the Conservation Institute focusethe creation and dissemination of
knowledge that will benefit the professionals amgamizations responsible for the
conservation of the world's cultural heritage.

The experts’ meeting, Conserving Concrete Herithgs,been organized under the
auspices of the Conserving Modern Architectureadtiite (CMALI), launched in 2012,
which aims to advance the practice of conservingntieth-century heritage. A colloquium
held in March 2013 brought together over sixty eip@ this field and confirmed the need
to focus attention on the material conservation whriety of typical twentieth-century
building materials, concrete included. Given thedaminance of reinforced concrete as a
building material in the twentieth century, and @®€l's background knowledge in this
subject, a decision was taken to focus effort ia #iea. As with all GCI projects it is
anticipated that efforts will be undertaken in ablbration with others.

This paper has been prepared in advance of themgdetprovide some background to the
anticipated discussions. This gathering has besigded to
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identify the needs of the field and potential resgeEs to address the challenges of
conserving concrete by:

« examining the actions undertaken over the lastdemades in order to assess the
current state of concrete material conservation;

« identifying current research needs;

« determining how to advance these areas of research;

« identifying the priorities;

« identifying entities able to progress these priesit and

« scoping concrete research that the GCI could uakerand identifying potential
partners and stakeholders to work with in this area

The background paper is not intended to be a defénireatise on the state of concrete
conservation. It is recognized that there may béssions and that there is considerable
expertise on the subject outside the GCI. An artedthibliographyConserving Concrete
Heritage has been drafted in advance of the meeting, wihégjins to scope the current
state of literature on the conservation of concagig has informed this background paper.
The bibliography has in the main identified litena in English, although it is
acknowledged that there are additional publicationsther languages that address the
subject. Further work beyond the bibliographic eesh has not been undertaken to inform
this paper. The background paper, therefore, stimpt to stimulate discussion on the
issues and on potential ways to advance this field.

The GCI has made a series of assumptions that imditsrapproach to conserving concrete.
Firstly, it is assumed that the current concrepanetechniques have not in the main
addressed conservation needs. Issues of matethargticity and the aesthetic impact of
repairs are not, or are only partially, cateredecondly, it is recognized that the usual
methodological approach for practical conservaisowell aligned with what is recognized
as good practice for concrete repair. This includeslerstanding the building, its material
characteristics and historical context; understagdie factors affecting it since
construction thorough investigation of conditioas@ssment of risks, and understanding of
potential impacts to the building; the identificatiof other factors, such as budget; and
development of repair and long-term maintenancgeggies. Although it uses the word
concrete this paper’s primary focus is eainforced concretea composite material of steel
and concrete. Despite many similar and relevaneissit is not specifically focused on
mass concrete, unreinforced concrete, or cast stone

The discussion also assumes that material congenvaatters. It is not the intention to
discuss the philosophical issues about how to assgsificance or identify authenticity.
There are instances where concrete buildings meg bther repair options available
because their materiality is of less significancéhe repairs proposed do not impact on the
primary heritage values of the place. In such cabeschallenges discussed herein may not
be relevant.

Lastly the GCI's work is not attempting to solveplems relating to concrete repair
generally—there are already a considerable numberganizations focused on this topic,
of which conservation is a small subset. The cdecsector generally, and repair industry
specifically, is a huge, multi-headed industry iiosbme $18 to $21 billion a year in the
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United States alone, $2 billion of which is spentowilding repairs? It is a well-developed
industry, big business, and involves a diverse eavfgexperts including engineers,
architects, material and equipment manufacturémsmists, contractors, and so on. The
community engaged in conserving historic concretieyi contrast extremely small. Clearly
there is a need for the conservation communityetedgnizant of and engaged in the
broader sector; however, navigating this can bfécdit and overwhelming. Finding
common areas of interest that will catalyze acfrom the industry more generally is
necessary to achieve conservation aims.

Recently some efforts have been undertaken torfostéer cross-industry collaboration.
For example the concrete repair sector has deveNjston 2020: A Vision for the
Concrete Repair, Protection and Strengthening Inguisased on the premise that strategic
action is needed to improve the “efficiency, safetyl quality of concrete repair and
protection activities*® This initiative recognizes that integrated effisrtequired across
different sectors of the concrete repair industrgt enore cooperation is needed from
education and research institutions—public, privated universities—to address problems
identified by the repair industry.Vision 2020specifically identifies the need to develop a
strategic research plan for the industry to prevemication of efforts and improve
knowledge transfer from universities to the fiekdrategic efforts such as these will
inevitably assist conservation.

The GCI hopes to identify the areas of conflicivextn existing repair options and
conservation needs, and to identify the actionsleéé¢o remove the barriers to improving
current methods of repair and thereby improve thgef concrete conservation. While the
primary focus of this meeting is on potential resbao achieve this, it is recognized that
the dissemination of existing literature and theation of new material to fill knowledge
gaps are complementary and important activities. #lso recognized that the situation
could be considerably improved by enhancing knog#edbout the approach to and
implementation of concrete conservation and refpaining. Although there is some
specific, targeted guidance available, recent ackarent in understanding of the long-term
impact of repair options needs to be integrated this literature. There is a need to expend
effort to synthesize the existing information, orate existing and new research, develop
some clearer process or decision-making informatoid train professionals and others
involved in the repair process. These issues willlso being discussed at the meeting,
albeit in less detail.

Conserving concrete - efforts to date

Conserving twentieth-century buildings has beeagrdl to conservation practice for quite
some time, albeit as a small area of practicenfAtéid number of reinforced concrete

1 Strategic Development Counciljsion 2020: A Vision for the Concrete Repair,
Protection and Strengthening Indus{fyarmington Hills, MI: Strategic Development
Council, 2006), 10www.concretesdc.org/tempDocs/-74938/vision_2020_-

version_1.0 _may 2006.p¢ccessed May 28, 2014)

2 |pid, 3.

¥ The Strategic Development Council is an inter-stdpgroup interested in supporting the
needs of the concrete repair industeyyw.concretesdc.orglt is administered by the
American Concrete Instituteyww.concrete.org/
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structures began to be protected from as earlgead960s. Le Corbusier’s Unité
d’Habitation (Marseilles, France), for example, iated in 1964. In the 1970s English
Heritage began to protect a number of 1930s coadneitdings, such as Sir Owen
William's Boots Pharmaceutical Factory (Beestonftiighamshire, England) of 1932.
Repairs to a number of other early concrete bujsliof architectural significance were also
underway by that stage, and many had been previoeghired after the large-scale
devastation of World War II. There is scant litewrat documenting early conservation
efforts, although by the 1960s a number of thedigs from the “heroic period” of
twentieth-century architecture had been cited @sgbi@ poor condition and needing
attention.

Historic accounts of the development of concrei@ hegun to be produced early in the
twentieth century. Concrete pioneer Ernest RansstextReinforced Concrete Buildings:
A Treatise on the History, Patents, Design and Eoecof the Principle Parts Entering into
a Modern Reinforced Buildindates from 191 Work on the topic began to be written
more regularly by the mid-twentieth century, witlora emerging through the 1970s and
1980s, such as the annotated bibliography develbgebe American Concrete Institute in
1982, and Christopher Stanleyghlights in the History of Concretd979% One of the
first to look at the history of concrete from awltectural perspective was Peter Collins in
Concrete: A Vision for a New Architectuffést published in 1959. It is, in fact, threedks
collected together, which examine the early arciiteal history of concrete, its
architectural use, and the use of concrete by Franchitect/engineer Auguste Perft.
More have followed and there is now a modest bdditerature in some parts of the world
on the historical development of concrete in allf@drms, including more recent literature
reviews that are enhancing our understanding ofrtaterial*’

The concrete repair industry was still relativehdeveloped at the time the early heritage
listings were occurring and there is little pubéghinformation on concrete repair methods
generally until the 1980s. Industry-based orgainatdedicated to sharing and increasing
knowledge about concrete, however, were establisheg in concrete’s history: the
American Concrete Institute, for instance, wastdithed in 1904. By the 1970s, concrete
repair had become a major issue and dedicatedrrigplaistry organizations, some
independent and some industry-based, began forrhnidgstry bodies include the UK
Concrete Repair Association, commenced in 1988 tla@dnternational Concrete Repair
Institute (ICRI), started in the United States #8%. These groups also developed specialist
subcommittees on concrete repair including ACI Cattam 364, Rehabilitation of
Concrete (1970s); AClI Committee 546, Repair of Cetec

(1980s); and ACI 364.1R, Evaluation of Concretei§tires Prior to Rehabilitation.

 Ernest L. Ransome and Alexis Saurbrey, Reinfof@edcrete Buildings: A Treatise on
the History, Patents, Design and Erection of thiedijyal Parts Entering into a Modern
Reinforced Concrete Building (New York: McGraw-Hill912).

> Emory Leland Kemp, History of Concrete, 30 BC 86JAD: Annotated, ACI
Bibliography no. 14 (Detroit, Ml: American Concrdtestitute, 1982); Christopher C.
Stanley, Highlights in the History of Concrete (&t, England: Cement and Concrete
Association, 1979).

16 peter Collins, Concrete: The Vision of a New Atehture; A Study of Auguste Perret
and his Precursors (New York: Horizon; London: Fadred Faber, 1959).

Y For example, Edwin A.R. Trout, Some Writers on €ete: The Literature of Reinforced
Concrete, 1897-1935 (Dunbeath, Scotland: WhittlesliBhing, 2013).
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Research institutes such as the Building ReseastiibEshment (BRE) in the United
Kingdom, theCommonwealth Scientific and Industrial Research Organisation
(CSIRO) in Australia, and others, commenced magsearch programs addressing concrete
problems and repair needs in the last few decaldg®edwentieth century. Since the 1970s,
concrete repair has grown to a multibillion-dolilaternational sector.

In the late 1980s, more comprehensive strategigraros for identifying and protecting
modern structures and buildings, including thoseenaf concrete, began to be undertaken
by heritage agencies, predominantly in Europe. iliterest in protecting these buildings
also brought recognition that there were challerags®ciated with their conservation; a
small number of activities began to be organizedddress these challenges. Conservation
seems to have lagged not too far behind the gemgegibst in concrete repair, although the
scale of activity was clearly miniscule in comparisProceedings from conferences and
journal articles began appearing that discussedbeific issues pertaining to concrete as a
historic material and its conservation. The anreatdtibliography prepared by the GCI in
advance of this meeting has identified variouschas, conferences, and training initiatives
specifically addressing the conservation of histaoncrete. Theo Prudon’s 1981 article,
entitled “Concrete Restoration: Confronting ConerRealities,” which appeared in
Progressive Architectureras one of the earliest in English on the tdfim 1989, the
Association for Preservation Technology (APT) higddfirst training workshop on
conserving historic concrete—and in the early 199®s subject was included in a number
of conferences on the conservation of modern hezitdhese include the twRreserving

the Recent Pastonferences, organized by the Historic Presermdfiducation Foundation
and the National Park Service, held between 19852800; the DOCOMOMO biannual
conferences held from 1989 to the present; theiliméfleritage conferencédodern
MattersandPreserving Post War Heritageeld in the 1990s, all of which included
conserving concrete in their programs and publighedapers from these evefts.
Docomomo and APT both convened focused events porete conservation from the mid
1990s and published the outcomi&¥arious other events dedicated to concrete
conservation have been held across Europe, IndéhNarth America, some of which have
published proceedings and many that havehot.

A number of books and special issues of well-kndwsritage journals have been published
on the conservation of twentieth-century heritdga tncluded articles on concrete

'® Theodore H.M. Prudon, “Confronting Concrete Réesif Progressive Architecturé2,
no. 11 (1981):131-37.

19 Deborah Slaton and Rebecca Shiffer, ddgeserving the Recent PadWashington, DC:
Historic Preservation Education Foundation, 19@®borah Slaton and William G.
Foulks, eds.Preserving the Recent Pas{Washington DC: Historic Preservation
Education Foundation, 2000); Susan Macdonald,Mddern Matters: Principles and
Practice in Conserving Recent Architect{&haftesbury, Dorset: Donhead, 1996);
Susan Macdonald and English Heritage, elieeserving Post-War Heritage: The Care
and Conservation of Mid-Twentieth Century Architeet(Shaftesbury, Dorset:
Donhead, 2001).

2 \Wessel de Jonge and Arjan Doolar, e@lke Fair Face of Concrete: Conservation and
Repair of Exposed Concretereservation Dossier 2 (Eindhoven: Docomomo
International, Eindhoven University of Technolod{98).

2 Citations for many of these can be found in Sudandonald and Gail Ostergren, eds.,
Conserving Twentieth-Century Built Heritage: A Bilgraphy, 2" ed. (Los Angeles:
Getty Conservation Institute, 2013).
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conservation, as well as a number of case stdfliesthe United States, the National Park
Service produced an annotated bibliography entilstloric Concrete: An Annotated
Bibliographyin 1993, which considered the history of conciatea building material, as
well as deterioration, and repair and conservatidhowever, it was not until the 2000s
that dedicated books and guidelines on the subjgan to be publishéd.

Heritage organizations and agencies started togenigapublication, training, and research
from the 1980s. The United States National ParkiSemproduced a guideline on
preserving historic concrete in 1987 and updatéeith2007% In Australia and New
Zealand, technical guidelines on concrete were @leduced in the 2000s; other countries
are beginning to publish guidelines as vi&ll.

In terms of dedicated programs on conserving caecperhaps the most specifically
targeted is that of the French Laboratoire de Retidedes Monuments Historiques
(LRMH), which initiated its program of advice onsgastudies, research, publications, and
capacity building on the conservation of concraté993. LRMH has undertaken a number
of research projects that address specific isslargtified for concrete conservation and has
published a large number of papers, developed fipgciidelines and practically aimed
information for conservation practitioners. In difth to national research, LRMH is also
engaged in various research programs with Europeasners. LRMH's research covers a
wide range of conservation concerns born directyf practice, including cleaning,
assessments of various electrochemical repair tgebs, and corrosion inhibitofé.

LRMH has engaged in major European research pragmaciuding the current
REDMONEST research program, whose main objectite develop a real-time managing
system to evaluate the corrosion process of anci@mtrete exposed to natural aging
(including several weathering mechanisms, suctadsonation and chloride induced
corrosion, and climate impact). This system wiltarporate embedded sensors and data
transmission devices to allow for real-time contvbthe structural integrity of the

2 Examples include Thomas C. Jester, @dientieth-Century Building Materials: History
and ConservatioifNew York: McGraw-Hill, 1995); Susan D. Bronsondafihomas C.
Jester, guest eds., Mending the modern, specigd ABT Bulletin28, no 4, (1997);
Thomas C. Jester and David N. Fixler, guest egmecial issue on modern heritage,
APT Bulletin42, no. 2-3, (2011).

2 Adrienne Beaudet CowdeHjstoric Concrete: An Annotated Bibliograpkiwashington,
DC: National Park Service, Preservation Assistdbission, 1993).

! These include, Susan Macdonald, @bncrete: Building PathologgOxford: Blackwell
Science, 2003); David Odgers, edgncrete English Heritage Practical Building
Conservation (London: English Heritage; Farnham; Bhgate, 2012).

% Wwilliam B. Coney,Preservation of Historic Concrete: Problems and &eh
ApproachesPreservation Briefs 15 (Washington, DC: NatioRatk Service, Heritage
Preservation Services, 1987); Second Edition, Bauidette and Deborah Slaton,
Preservation of Historic Concret®reservation Briefs 15 (Washington, DC: National
Park Service, Heritage Preservation Services, 2007)

% Citations for some of these can be found in Kytrandin, Gina Crevello, and Alice
Custance-BakeConserving Concrete Heritage: An AratedBibliography Draft
(2014).

%’ Citations for a number of publications produced RMH staff appear in Normandin,
Crevello, and Custance-Bak&onserving Concrete Heritage.
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building. Following a holistic approach, REDMONESTambition is to develop a novel
monitoring system that will be integrated as p&rm overall control, incorporating a data
analysis and assessment software tool that wilb@decomputational, structural prognosis
models and dynamic redesign parameters based ¢imgounsly measured data. The project
is a partnership among a number of European iistitsi and is one of the few research
undertakings dedicated to concrete conservation.

Research on conserving concrete, mainly as pd?hbf programs, seems to be underway
but it is difficult to identify where these efforése concentrated and to track the outcome of
the work. It is not known whether any of the largeearch institutions, which have long
been involved in research on concrete repair ggehave any dedicated research that
meets conservation needs. The knowledge transfer RhD work to accessible literature
and practical application for conservation doesse®m to have occurred. Research
challenges are one of the specific issues idedtifieheVision 2020document. Strategy 8
aims to “Develop and implement a strategic reseptah for the repair industry, with the
objective of reducing duplicated efforts, improviliigelihood of knowledge transfer from
academia to the industry and to identify a shaied on priorities.®

Dedicated training in conserving historic concress been occurring in sporadic and
isolated instances. Anecdotally, some conservatouses have now included sessions on
concrete conservation, but it is not known whethese efforts are embedded in programs
for the long term. Columbia University, for exampihas a semester long, specific, course
module on concrete, cast stone, and mortar. APT itefirst historic concrete training
course, Historic Concrete: Investigation and Repaif989%° Versions of this program
have also been conducted at other conferences @668, 2001, 2005, and 2010) and a
revised version will be presented in 2015 at theuah APT conference. In 2006, the
International Course on the Conservation of Moderchitecture (MARC) focused its
training session on concrete conservation, althaughnot clear from the program to what
extent material and technical issues were covétést Dean College in the United
Kingdom has been offering a four-day course onctireservation of concrete for a number
of years. Undoubtedly there are others, but rebelaas not been undertaken to identify
where training is being delivered nor its scopecé®¢ educational initiatives, such as the
Concrete Industry Management Course at CalifortaaeSJniversity, Chico, now integrate
preservation into coursework, although this mayhmique example.

There are huge quantities of literature on theiregfaconcrete and numerous related events
are held around the world annually. It is beyonel gshope of this paper to discuss these.
Occasionally, crossover events between the conenvsphere and general concrete
industry occur and there is potential to bridgesthsectors further. One example is
Concrete Solutions—an organization dedicated toitrg and conferences on concrete
repair that has included the repair of historicarete buildings for a number of years. The
American Concrete Institute (ACl) has long beeroimed in the development of guidelines,
publications, and education on concrete repair; bemof its various committees are also
involved in preservation. For example, AClI Comnet&®64, Rehabilitation of Concrete, has

% |nformation provided by Elisabeth Marie Victoitdarch 2014 See also
www.gemme.ulg.ac.be/?g=redmonest-be2

2 Strategic Development Council, 19.

¥ Thomas L. Rewerts and Paul E. Gaudétistoric Concrete: Investigation and Repair: A
Training Program Offered by the Association for &evation Technology, to Be
Presented at the Palmer House Hotel, Chicago,diin September 4-6, 1989
(Fredericksburg, VA: Association for Preservatioecfinology, 1989).
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a task group that is developing coordination effdmttween ACI, ICRI, APT, and the
Technical Research Board Committee on Historic Aaratheological Preservation.

Challenges to conserving concrete

The challenges related to conserving historic cetecare no different than those of
repairing concrete buildings generally, but thenee additional considerations and
difficulties that can differentiate the approachl anay demand more careful repair
solutions. When a building or structure has beentified to be of heritage significance,
specific cultural values will have been identifigadit articulate why it is important, which
elements contribute to that significance, and hlogvdtructure may be sensitive to change
overall.

Conservation introduces the principle of doingitikelas possible and only as much as
necessary to sustain the building for its use aedeyve its cultural significance. Concrete
repair can be an invasive process in terms of tigaton, diagnostics, and the repair itself.
Structure and skin may be one and the same fanforeed concrete structure. As a
composite material its structural integrity rel@sthe ongoing and functioning
interrelationship between steel and concrete. Uripdiconcrete, and instances where the
material itself is valuable, may mean that the cetecis vulnerable to current repair and
diagnostic methods, which can affect the appearahtge building. Where heritage
significance relates to appearance and materig@ltyservation relies on retaining material
integrity; therefore, there is a conflict with cent repair methods. The fact that reinforced
concrete is a structural material means that doothing may jeopardize structural
integrity. One of the challenges is to be abledouaately predict the ongoing threats to a
reinforced concrete structure and how it will respdo these threats, and then to determine
what level of intervention is really necessary.

The conflict with and challenges to current apptascand repair techniques include:

«  Conflicts with typical heritage values (aesthehistoric, material)

0 The impact of the replacement of damaged materiahe appearance
(aesthetic significance) and authenticity of thdding due to loss
original fabric and the resulting change in appeega—coatings,
matching repairs in patches, decorative finished,taxtures

0 The difficulties of replacing (due to lack inforn@t and availability)
like for like materials (aggregates, cement tyms,)

0 The impact of repair on existing patina

0 When repair is not enough—preventing long term amgloing
deterioration in ways that limit the affect on tygpearance of the
building (coatings, cathodic protection systems)etc

« Technical challenges

0 The availability of sympathetic repair materials—tofang original
aggregates, proprietary mortars

0 The advisedness of replacing like-for-like matevial

o Difficulties of repair when there are inherent deshs with the original
materials (aggregates, etc.) that contribute teeapmce

0 Availability of necessary level of craftsmanshipdaspecific challenges
to repair, such as need to achieve variabilityiith)

0 Level of intervention during diagnostic and repatiases and impact on
appearance and integrity
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0 Use of protection systems that are irreversible Gardhave a detrimental
appearance
« Knowledge gaps:
0 Lack information on long-term effects of repair imads, and problems
of their reversibility and unknown retreatability
0 Lack of information on the lifespan of repair madés
0 Inability to diagnose rate of ongoing deterioratinrorder to determine
what level of intervention is necessary
0 Maintenance implications—access, costs, uncertaumgther repair
materials will be available in the future
e Other issues:
0 Costs of conservation work—more labor intensiventeandard repairs
0 Handcrafted approach to industrialized buildingd araterials—lack of
knowledge and skill of contractors.

Early efforts in conserving historic concrete foed®n a strategy of repairing deterioration
with proprietary repair mortars that were then cedewith an opaque coating to hide the
repair work and slow down carbonation. Owners aptractors were often reluctant to
attempt patch repairs that matched and integratdbwith existing concrete due to
knowledge limitations and cost factors. This apptowas also influenced by product
manufacturers’ warranties and the fact that repsée often led by product manufacturers
rather than architects or engineers.

Pioneering concrete conservation projects in Eurdpieed realkalization and chloride
extraction techniques; cathodic protection systeseie also attempted. Penetrating
corrosion inhibitors were also discussed and soiaks undertaken as a potential solution
to the challenges. However, data on the efficache$e products was largely that provided
by the manufacturers, therefore there were ques@gno their long-term impact and
apprehension about their application on historiddings. Some of these early approaches
have been examined for their sustainability by LRMH#hose research suggests that these
techniques may not prove effective in the long t&rm

Many more conservation projects that attempt t&leathese challenges have been
undertaken, some of which have been written upntarty that have not. Today, there has
been a move away from realkalization and chlorideagtion, limited use of corrosion
inhibitors, and a greater emphasis on developiriggbpatch repairs in terms of material
and aesthetic compatibility.

There are instances in which the role of corrogissessment and monitoring has been

%1 see, for example, Elisabeth Marie-Victoire, anchisk Texier. “Realkalisation and
Corrosion Inhibitors, a Conservation Method for Aamt Buildings?” InSixth
CANMET/ACI International Conference on Durability@oncrete: Supplementary
Papers edited by Nabil Bouzoubaé (Farmington Hills, Mimerican Concrete Institute,
2003), 615-29; Mohamed Sahal, Yun Yun Tong, Be&&nz Merino, Véronique
Bouteiller, Elisabeth Marie-Victoire, and Suzanwoéreét. “Durability of Impressed
Current Realkalization Treatment Applied on Reiotu Concrete Slabs after 5 Years.”
In XII International Conference on Durability of Buifd)y Materials and Components,
12-15 April 2011, Porto, Portugal, vol, 8dited by Vasco Peixoto de Freitas (Porto:
FEUP Edigbes, 2011), 1505-13; Yun Yun Tong, Vérariouteiller, Elisabeth Marie-
Victoire, and Suzanne Joiret. “Efficiency Investigas of Electrochemical
Realkalisation Treatment Applied to Carbonated Reaed Concrete - Part 1:
Sacrificial Anode ProcessCement and Concrete Researth no. 1 (2012), 84-94.
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recognized as a tool in developing conservation@gghes, although there appear to be
limited examples of this. Being able to predict oimgy levels of deterioration through
continuous monitoring and therefore take a mor&eatjic approach to repair and
preventative conservation will clearly improve autees. This is an area that could be
better integrated into the conservation toolkit.

The current status of conserving concrete

In summary, considerable, although perhaps largelgnsistent effort and activity has
produced a burgeoning body of knowledge, skill&l experience on the conservation of
concrete in various locations internationally. Thirmation, however, is not easy to find
and access, it is often place specific, and comsienv methodologies are not well
developed or presented. This is partly due to geanf factors including the large
knowledge gaps in the long-term performance of mlmer of the repair techniques, the
limited number of published case studies of prgjelcait have been completed, and the
dispersed locations and professional disciplinethefpeople involved. There is not yet, for
example, a critical mass of those with the regeikitowledge, skills, and experience in the
subject, and there have been few strategic inigatithat seek to advance the subject
outside of a small group in Northern Europe. Latgavernment leadership, coinciding
with a period of the decline of many technical digns of heritage agencies where such
work has traditionally occurred, has meant theg #hibject has not gained enough
momentum for there to have been major advancemepriaictice. Concrete was one of the
first truly global materials, and although the metkitself and the ways in which it has
been used are infinitely varied, many of the proidere universal. There is potential for
coordinated effort to make an impact.

Currently there is justifiable caution about allthmeds of repair other than traditional patch
repairs. The unproven nature of systems and preduakes conservation practitioners
nervous about experimenting on historic buildingsactitioners are anxious to ensure that
their work does not compromise buildings furthéther through lack of action or the
wrong action, which may be irreversible.

Clearly there is a need for the conservation sdotengage with the broader field in a
useful and meaningful way to help address the ifledtchallenges. Despite the increased
number of concrete buildings that are being idexdifis culturally significant, they will
always be a tiny proportion of the repair sectovtgk. Communication between the
conservation sector and the larger repair industng, the participation of conservation
practitioners in initiatives such as those ideatfinVision 2020 would help.

The ability for the small but growing network ofolfe involved in conserving concrete to
meet and exchange knowledge and experience wostdaakist in developing the critical
mass of professionals with experience in this fidlde ACI Committee 364 Task Group is
proposing to collaborate with other organizatiomsi¢velop guidelines on the preservation
of historic concrete. The International Union ofbloaatories and Experts in Construction
Materials, Systems and Structures (RILEM) is coesity formation of a committee on
concrete conservation.

Potential actions to improve the status quo
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In an attempt to stimulate discussion at the GGéting, the following actions are
suggested as potentially improving the currenestétconserving concrete.

1. Research:
« ldentify all current research that addresses oreshimterests with conservation
concerns.

« Identify and implement potential research projeltt would advance

conservation challenges.
2. Publications:

« Synthesize recent research results into informadimh guidance for conservation
practitioners on repair techniques (additional aesle may be required before
undertaking this task).

« Improve the methodological guidance for conservafiactitioners on the
approach and implementation of concrete repairistofic buildings and
structures.

« Publish case studies of past conservation projhetsexplain the approach and
technical details of the repairs undertaken andueve successes and failures.

3. Training:

« Identify existing training programs on the conséiova of concrete and establish
what is being covered and what material is beirgglutdentify gaps and needs.

« Identify potential audiences and what type of tiragnrmay be needed.

« Develop training modules and didactic materialsonserving concrete to meet
needs identified above.

4. Networking:

« Identify opportunities for professionals engagedancrete conservation to meet
and exchange knowledge and experience on the sulgentify strategic needs,
and identify actions to address these.

Research to advance the conservation of concrete

In preparing for the meeting, the GCI has attempoegiain some understanding of the
issues and state of play in order to begin to iflenategories of research or topics that
may be useful to investigate further. The followprgliminary list is presented for
discussion purposes.

1. Nondestructive diagnostics techniques:
a. Are there problems with the current techniques?
b. Is there potential to examine less destructiverande helpful
techniques?
c. Do new techniques need to be developed or existidgniques adapted?
2. Predictive deterioration/corrosion monitoring foomitoring condition to enable
practitioners to better identify the potential {8pan of buildings and assist in
developing repair and maintenance options (thikéssubject of the
REDMONEST research underway):
a. Will this research get to the moment imaged bygaeners or will future
research phase be needed?
b. Is there a need and/or potential to augment or temmgnt this research
work?
3. Determine more definitively the long-term effectiass and if necessary potential
to improve electrochemical repair methods:
a. Do we have enough information to determine whethese methods are
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suitable for historic buildings based on their irti®a

b. Do we have enough information on their long-terfieetiveness,
potential for retreatablity, and any detrimentaldeterm effects?

c. Would it be useful to revisit a larger selectionpafst projects to assess
any of these factors?

d. Is there potential to further develop techniqueshsas cathodic
protection to improve efficacy and address curproblems in their
application to conservation projects?

4. Corrosion inhibitors—effectiveness, retreatabitityd long-term prognosis and
questions, as in number 3 above.

5. Is there potential to develop or adapt water irthilgi coatings to protect concrete
with less visual impact on exposed concrete bugsgithan existing options?

6. Patch repair materials and methods:

a. Do we have good enough information on how to desigh specify patch
repairs for historic concrete?

Do we need better information on patch repair niateand methods?

c. Do we have a good understanding of how patch regaiecuted over the
last 10-20 years are performing and meeting pedoca requirements
such as good visual match etc.?

These questions can be discussed at the meetimgellas any other research questions
identified by the participants. The discussion wi8o attempt to include such topics as:
« What are the research priorities?
« Who are the potential actors and stakeholders?
« Who is already working in this area?
« What potential is there to compliment and augmentent or past research
efforts?
«  What further bibliographic studies would help anldene may literature reviews
help to better scope the work in the short term?

It is noted that research efforts may be deskimmpriatory, and/or field-testing based, or a
combination thereof.

The meeting will aim to achieve development of atica plan for the field. The outcomes
of the meeting will be summarized as a report thiitbe disseminated on the GClI's
website.
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Appendix C: Participants’
Presentations Summaries

Luc Courard, University of Liege, Belgium

‘Concrete Surface Engineering for Cultural Heritage

Luc spoke briefly on the issue of training and eation for contractors, and on the issue of
surface preparation for patch repairs and theieaidim- a topic on which he is currently
working. He aims to identify the connections betweeughness and adhesion, and with the
assumption that a more textured surface would asFedhesion he hopes to assess what
level of surface roughness can be achieved withmducing damaging micro-cracking.

David Farrell, Rowan Technologies Ltd, U.K

‘Surface finishing to repaired or cleaned histoconcrete’

David discussed two U.K. case studies on whichdseleen working with a focus on the
surface finish; Alexander Road Estate in Londor7@)9and the Hollings Building (or the
‘Toast Rack’) in Manchester (1960). The case stéteused on the production of
appropriate surface finishes to enable repairddndinto the original and David discussed
a range of trials undertaken. One method Davidiisently trialling is the use of a cement
wash used in a similar way to how you would usienewash as a means to unify the
surface in an essentially like-for-like repair hytfing a cementitious layer back on the
concrete.

Tanya Komas, Concrete Preservation Institute, CA, USA

Tanya presented on her work at Alcatraz, Califgraiaong other case studies, and her
involvement in a degree program incorporating thieservation of concrete. An issue
identified was that we focus on the durability loé tpatch, but we should consider
undertaking sacrificial repairs, that can protéet surrounding historic fabric. One of
Tanya’s aims as an educator is to try to get stisdaway from liability decision making.
Tanya believes there would be a high value in gbang the number of concrete structures
that currently need conservation, and will do ia thture, to encourage the concrete
industry to increase their focus on conservation.

Paul Noyce, Electro Tech CP LLC, NY, USA

‘Challenges of implementing durable repairs for servation’

Paul focused on the importance of condition assessas the starting point for all
conservation projects and identified the issues@ated with failing to undertake this step
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correctly. He ran through the different stages obacrete conservation project and
highlighted many of the potential problems that oanur, with a focus on poor training
and lack of knowledge. In addition he identifieddaf monitoring as a significant
oversight in the majority of concrete conservaiwojects.

Thomas Rewerts, Thomas Rewerts & Co LLC, KS, USA

‘Unique challenges in patching historic concrete’

Thomas described practical conservation workshisatirm had undertaken at Frank Lloyd
Wright's Unity Temple near Chicago, Illinois. Heclased on two areas of the project; the
first was their approach to undertaking repairthihollyhock detailed tiles without
producing a visible alteration, and the second éabét the removal of deteriorated concrete
from the rebar on the underside of a slab usingx@ansive grout to minimise micro-
cracking.

Robert Silman, Robert Silman Associates, Washington D.C., USA

‘We are Consumers of Research’

Robert Silman focused on his position as a consuatker than a conservator with a focus
on desirable technologies for investigation and-destructive testing for engineers. One
particular request was to have a technology thaldcproduce faster results on identifying
structural movement. He discussed this in the carktwo case studies with which his
company has been heavily involved; Frank Lloyd Wrig Fallingwater in Pennsylvania
and Guggenheim museum in New York.

Elisabeth Marie-Victoire, Laboratory of Research on Historical Monuments,
France

‘Carbonation induced corrosion : a main conservatissue’

Elisabeth presented her work on investigating caalion induced corrosion, the main issue
affecting concrete in France. She identified arstd$sed three associated challenges;
corrosion monitoring, conservation treatments, eovetion strategies. Despite carbonation
being highly destructive, one benefit is that itjiste well understood as an issue.

Norman Weiss, Colombia University, NY, USA

‘Concrete carbonation chemistry cautiously (re-)swered’

Norman discussed the carbonation of concrete arad wa do and do not know,

highlighting potential gaps or contradictions i fiterature such as whether carbonation
does or does not produce a porosity change. Heisisd the potential for the use of

calcium tartrate tetrahydrade for the conservatibooncrete, and identified his holy grail

of concrete conservation- direct chemical realledits which he sees as a two step process;
the first already having been achieved.
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Appendix D: Agenda

Monday, June 9, 2014
Location: Getty Center Board Room

2:00 pm — 2:15 pm Introduction
Meeting Format
Susan Macdonald, Head of Field Projects, Getty
Conservation Institute
Jeanne Marie Teutonico, Associate Director,tGet
Conservation Institute

2:15 pm — 2:45 pm Background Paper Presentation
Susan Macdonald, Head of Field Projects, Getty
Conservation Institute

2:45 pm — 3:15 pm Q&A and Discussion
Moderated by Susan Macdonald

3:15 pm — 3:30 pm Break

3:30 pm — 5:00 pm Participant Presentations

Invited participants will each present a profle
from their work. Each participant will give a 6
minutes presentation.

e Luc Courard, University of Liege, GeMMe
Research Group

« David Farrell, Rowan Technologies Ltd

« Tanya Komas, Concrete Preservation Institute

« Paul Noyce, Axieom LLC

« Thomas Rewerts, Thos. Rewerts & Co. LLC

« Robert Silman, Robert Silman Associates
Structural Engineers

« Elisabeth Marie Victoire, Laboratoire de
Recherche des Monuments Historiques

« Norman Weiss, Columbia University in the City
of New York
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Tuesday, June 10, 2014

Location: Getty Center Board Room

9:00 am — 9:20 am

9:20 am — 9:45 am

9:45 am — 10:15 am

9:45 am — 10:15 am

10:15 am — 10:45 am

10:45 am — 12:00 pm

12:00 pm — 1:30 pm

1:30 pm — 2:30 pm

2:30 pm — 2:45 pm

2:45 pm — 4:30 pm

4:30 pm - 5:00 pm
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Recap on challenges in the field
Susan Macdonald, Head of Field Projects, Getty
Conservation Institute

Q&A and Discussion
Moderated by Kyle Normandin

Summary Identification of Needhe Field
Moderated by Susan Macdonald

BREAK

Recap on Agreed Needs inidié F
Susan Macdonald, Head of Field Projects, Getty
Conservation Institute

Responses to Agreed Neede iRield
Are these the right issues?
Are there additional issues to consider?
Is it possible to augment the research that theesn
done?

LUNCH

Setting Priorities based ontified Needs of the
Field

BREAK

Potential areas of researclomtiete conservation
What areas of research will be carried out?
How will the research be carried out?

Who will carry out areas of research?

Recap and Conclusions




Wednesday, June 11, 2014
Location: Getty Center Board Room

9:00 am — 9:15 am Recap and discuss areas ofrcbsea

9:15 am — 10:45 am Working Groups: Discuss aoéassearch in concrete
conservation
Each Working Group to Develop Work Plans
« Research (Boardroom)
« Education and Training (Private Dining Room)
« Publications - Literature Review (Private Dining

Room)
10:45 am — 11:00 am BREAK
11:00 am — 11:30 pm Presentations of Work PlanBdph Working Group

« Research
e Education and Training
« Publications - Literature Review

11:30 am — 12:00 pm Conserving Concrete HeritAgeAnnotated
Bibliography
« Review of specific comments
« ldentify out of date documents
« Recommend Additional Citations
« Discussion

12:00 am — 12:30 pm Conclusions and Wrap up

12:30 pm Lunch
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Appendix E: Photographs of
Discussion Boards from the
Experts’ Meeting
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