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The Getty Conservation Institute

The Getty Conservation Institute works internationally to advance conservation and to enhance
and encourage the preservation and understanding of the visual arts in all of their dimensions—
objects, collections, architecture, and sites.

The Institute serves the conservation community through scientific research, education and
training, field projects, and the dissemination of the results of both its work and the work of
others in the field.

In all its endeavors, the Institute is committed to addressing unanswered questions and to
promoting the highest possible standards of conservation practice.

GCI Project Bibliographies

Project bibliographies represent a distillation of many years of research by Getty Conservation
Institute staff in support of a given project. The unique bibliographic resources available at the
Getty Center and in the Los Angeles area make it possible for GCI staff to access and review
literature that is not easily obtainable by many conservation practitioners. With this unique
opportunity comes a unique responsibility to share the results of this research with the
conservation community and other interested parties.

Lime Mortar and Plaster Research at the GCI

Lime-based mortars, plasters, and stuccoes are among the most common binding materials—
as well as surface components on walls—found in archaeological and historical buildings. The
Building Materials Section of the Getty Conservation Institute’s Science Group is conducting
research in three main areas related to these materials:

Preservation and Weathering

Insufficient cohesion and lack of adhesion are the most important weathering phenomena
associated with mortars. Deterioration of the mortar can be a result of its original composition.
This includes the type of aggregate used; the binder/aggregate ratio, which determines the
physico-mechanical properties of the material; and the mineralogical composition that
influences the durability of the mortar in the environment. Environmental factors, including salt
contamination (sometimes a secondary effect of prior treatments), play an important role in the
deterioration process.
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Conservation and Treatment

During restorative interventions, such as grouting or filling of lacunae, it is important that the
physical properties of the adhesive or replacement mortars closely match those of the substrate
in order to minimize potential incompatibility between the materials. Modern materials such as
cement or cement-lime blends often cause failure or lead to increased deterioration of the
underlying brick or stone substrate, adjacent zones, or original lime based materials. Scientific
investigations on test mixtures — manufactured and cured under standardized conditions - can
lower the risk of failure and increase the durability of the restorative intervention.

Technology and Dating

In addition to providing valuable information for conservation purposes, the study of mortar
technology can contribute to the scholarly interpretation of art and artifacts from the past. In
some cases—especially when carried out in conjunction with conservation surveys—the results
of mortar analysis can facilitate the dating and authentication of objects.

The Preservation of Lime Mortars and Plasters Bibliography,
Version 1.0

The Lime Mortars and Plasters Bibliography had its origin in a collaboration between the Getty
Conservation Institute (USA), the Katholieke Universiteit Leuven (Belgium) and the Universidad
de Granada (Spain). It profited later from the input of the Institut fir Steinkonservierung, Mainz
(Germany) and other experts who reviewed the bibliography and provided additional citations.

The literature assembled in this bibliography includes those references that were used or found
relevant to the following specific research areas:

« The evaluation and verification of an analytical methodology for compositional
identification (chemical and mineralogical) and physical characterization (hygric and
mechanical properties) of historic materials that is specific for mortars and plasters;
being often based on gypsum and lime mixes, and containing not only siliceous, but
also calcareous, aggregate.

« The study of the compatibility parameters of historic lime mortars and new repair or
replacement materials, as a guide for restorative intervention. Well-defined tolerances
for the values of standardized physico-mechanical properties must be established as
criteria for compatibility of mortars depending on their use for repointing, plastering, or
as repair mortars.

« The elucidation of the effects of traditional practices (processing procedures and
additives) in order to estimate the influence of the composition and formulation
procedures for new repair and replacement materials.

http://www.getty.edu/conservation/resources/bibs/Impbib_categories.pdf Page 2 of 194



GCI LIME MORTARS AND PLASTERS BIBLIOGRAPHY—INTRODUCTION MARCH 2003

Focusing on the scientific study of high calcium lime mortar, the selection criteria of the
literature cited was based upon content related to lime hydrate as a binder. The original focus
was a deliberate choice of the editors of the bibliography, in order to address systematically
what literature was available on the topics of their studies. It has been widened as a reaction to
comments from experts who reviewed the database. High calcium lime was also considered
within the context of the full range of traditional and modern mortar binders, and therefore a
limited number of references are included that provide scientific information on other types of
lime (e.g., dolomitic lime), on hydraulic binders (e.g., hydraulic lime, pozzolanic mortars), on
gypsum or gypsum mixes with lime, and also on ordinary Portland cement. In the same way,
various processes and analytical procedures relevant to hydrated lime were augmented with
information on similar processes in other areas of research.

The Lime Mortars and Plasters Bibliography will be posted on this site in subsequent iterations
as the verification of citations for bibliographic accuracy and completeness continues, and the
scope will gradually be enlarged to cover other types of lime and lime based binders. Version
7.0 contains 1,561 references relevant to the field of lime mortar and plasters, with an
emphasis on technical studies of ancient materials and modern, compatible materials for their
conservation.

Partners

The Getty Conservation Institute

Francesca Casadio
Vera de la Cruz
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James Druzik
Evin Erder

Eric F. Hansen
Joy Keeney
Andrew Kindon
Blythe McCathy
Urs Miller

Alice Ormsbee
Michael Schilling
Stefan Simon
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Koenraad Van Balen, Professor
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Universidad de Granada

Kerstin Elert
Carlos Rodriguez-Navarro, Associate Professor
Eduardo Sebastian, Professor

Content, Selection Criteria and Arrangement

There has been an intense recent interest in the development of appropriate analytical tools
and traditional materials and techniques for using lime-based materials in the conservation of
artistic and architectural works. This has resulted in the publication of numerous bibliographies
available in printed form and on the Internet. Although similar in many respects, the content of
this bibliography covers not only articles and monographs on:

e analytical techniques

« case studies of materials from specific historic contexts

e studies of conservation treatments

e historical production and application materials and techniques

« the parameters and effects of variations in the production process of lime mortars
(calcining, slaking, binders and aggregates, additives, application, drying and
carbonation)

but also includes references on:

« the chemistry and mineralogy of calcium compounds (calcium hydroxide and calcium
carbonates)

« the formation of compounds and reaction sequences in other classes of mortars
(pozzolanics, natural hydraulic cements and ordinary portland cement)

In general, the available technical literature dealing specifically with high calcium lime for
architectural purposes is minimal in comparison to these other classes of materials, but certain
references may contain important or relevant information on the behavior of calcium
compounds (e.g., solution properties, crystallization phenomenon) and these have therefore
been included in the bibliography.

The subjective selection criteria thus has a broader scope than articles normally included in Art
and Archaeology Technical Abstracts’, (the bibliographic abstracting service for the field of
conservation published by the GClI and the IIC) in that applied building materials studies are
widely considered along with basic chemical and mineralogical research. The citations included
follow the format for AATA with the exception that abstracts have not been included; however,
abstracts of many articles from the conservation literature can easily be obtained by searching
AATA.
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This posting of the bibliography is available in two different versions. In the first version, the
entire bibliography is sorted alphabetically by author, then by title and finally by date. In the
second version, the bibliography is broken down into the categories of Conservation, History,
Characterization and Analysis, Performance, and Technology. These categories are further
divided into sub-groups based upon key terms. Within each category, citations are sorted first
by date and then by author and finally by title. This allows the user to follow developments in a
given area chronologically. Where applicable, multiple key terms have been assigned to
citations as most references contain information relevant to several subjects (e.g., an analytical
study of the components of an historical mortar might also contain information on the process
of mortar preparation during a particular time period). These key terms were identified based
upon both a review of the content of the bibliography to date and a consideration of the most
important parameters of the technical study of high lime mortars and plasters. The citations
have been grouped and subdivided in order to provide a limited guide to the content of the
material in addition to that indicated by the title alone.

Please note that hard copies of the literature are not available from the Getty Conservation
Institute, the Katholieke Universiteit Leuven or the Universdad de Granada. These need to be
acquired through your local libraries or inter-library loan services.

Acknowledgements
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Section Introductions

To make the citations accessible, the vast field covered by the bibliography has been arbitrarily divided into five
thematic groupings with further division of each group into subgroups. Several basic aspects related to the production
of lime and lime mortars (e.g., the steps of the lime cycle) helped us to subdivide the citations in a logical way that we
hope will facilitate access for scholars in the field. Users of the bibliography should be aware that literature cited here
will often be found in multiple categories or subgroups. This is due to the fact that individual texts often contain
substantive discussions of multiple topics. When such is the case, they will be found in each appropriate category.

Within each category, citations are sorted first by date, then by author and finally by title. This allows the user to follow
the developments chronologically.

Conservation

Citations related to the conservation of lime mortar and plaster have been further divided into three subgroups.

Diagnosis

This group of citations is concerned with the various types of information that guide the conservation process, and
help to define the objectives and the guidelines of conservation interventions.

Dowrick, D. and Beckmann, P. York minster structural restoration. Proceedings of the Institution of Civil Engineers,
Supplement VI (1971) pp. 93-156.

Beckmann, P. Structural analysis and recording of ancient buildings. 7he ARUP journal, 7, no. 2 (1972) pp. 2-5.
Vierl, P. Mauerwerk, Putz und Anstrich in der Baudenkmalpflege. Maltechnik Restauro, 4 (1975) pp. 199-216.

Sayre, Edward V. Deterioration and restoration of plaster, concrete and mortar. In Preservation and conservation:.
principles and practices. Proceedings of the North American international regional conference. Williamsburg,
Virginia, 10-16 September 1972 (1976) pp. 191-201.

Grimmer, Anne E. Masonry conservation. 7echnology and conservation, 6, part 2 (1981) pp. 32-35.
Ballio, Giulio. | problemi strutturali. Recuperare, 1, no. 1 (1982) pp. 46-53.

Habib, P. De l'importance du diagnostic pour la restauration des monuments et des structures. In Restauration des
ouvrages et des structures. Delbecq, Jean-Michel and Sacchi, Giannantonio. Presses de I'école nationale des
ponts et chaussées , Paris (1983) pp. 547-552.

Ferragni, Daniela; Forti, Massimo; Malliet, Joseph; Mora, Paolo; Teutonico, Jeanne Marie; and Torraca, Georgio.
Injection grouting of mural paintings and mosiacs. In Adhesives and consolidants. Preprints of the
contributions to the /IC Paris congress. Paris, France, 2-8 September 1984 (1984) pp. 110-116.

Beranek, W. J. Understanding of structures. In Stable-Unstable?: Structural consolidation of ancient buildings. Lemaire,
R. M. and Van Balen, K., Editors. University Press, Leuven (1988) pp. 29-43.

Croci, G. Credibility and reliability in the safety evaluation of monuments: the Palazzo Senatorio in Campidoglio. In
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Stable-unstable?: structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors.
University Press, Leuven (1988) pp. 195-213.

Koéhler, Wolfram. Zerstorungsfreie Untersuchungen an Putzen und Mortelen der mittelalterlichen Feldsteinkirche in
Schonewalde. In Mittelalterliche Putze und Mortel im Land Brandenburg. Arbeitsheft des Brandenburgischen
Landesamtes fiir Denkmalpflege, 9. Potsdamer VerlagsBuchhandlung GmbH, Potsdam (1988) pp. 103-111.

Lemaire, R. M. and Van Balen, K. (Editors). Stable-unstable? Structural consolidation of ancient buildings. Monumenta
Omnimodis Investigata. University Press, Leuven (1988) 344p.

Mouton, B. Méthodes d'analyse destructives et non-destructives pour les structures historiques. Avantages et limites.
In Stable-unstable?: Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors.
University Press, Leuven (1988) pp. 141-156.

Van Balen, K. Stabiliteitsherstel in monumentenzorg. In Stable-unstable? Structural consolidation of ancient buildings.
Lemaire, R. M. and Van Balen, K., Editors. University Press, Leuven (1988) pp. 15-27.

Wenzel, F. Examples of methodical approach to structural consolidation of ancient buildings. In Stable-unstable?
Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors. University Press,
Leuven (1988) pp. 93-104.

Bonecchi, R.; Broglia, E.; Bugini, R.; Realini, M.; and Ferrari, S. L'arca scaligera di Mastino Il (Verona). Le malte utilizzate
nei restauri. In Superfici dellarchittetura. le finiture. atti del convegno di studi. Bressanone, Italy, 26-29 June
1990 (1990) pp. 167-177.

Furlan, V. Causes, mechanisms and measurement of damage to mortars, bricks and renderings. In Science, technology,
and European cultural heritage. Proceedings of the European symposium. Bologna, Italy, 13-16 June 1989
(1991) pp. 149-159.

Knoéfel, D. Causes, mechanisms and measurement of damage in cultural heritage materials: the state of the art:
concrete structures. In Science, technology, and European cultural heritage. proceedings of the European
symposium. Bologna, Italy, 13-16 June 1989 (1991) 138-148p.

Ross, H and Stahl, F. Handbuch Putz. Stoffe-Verarbeitung-Schadensvermeidung. Miiller, Kéln (1992) 225p.

Fitzner, B. Volcanic tuffs: the description and quantitative recording of their weathered state. In Lavas and volcanic
tuffs: proceedings of the international meeting. Easter Island, Chile, 25-31 October 1990 (1994) pp. 33-53.

Raue, Jan. Chorin-Wandmalerei und farbige Dekorationen im Kloster-Untersuchungen zu Firstensaal und Chor in der
Klosterkirche. Brandenburgische Denkmalpflege, 3, no. 2 (1994) pp. 66-73.

Godicke-Dettmering, T. and Striibel, G. Mineralogische und technologische Eigenschaften von hydraulischen Kalken als
Bindemittel fiir Restaurierungsmortel in der Denkmalpflege. Giessener Geologische Schriften, no. 56 (1996)
pp. 131-154.

Kraus, K. Kalkmortel fiir die Denkmalpflege. In Bauchemie heute: Fakten, Modelle, Anwendungen, Festschrift Prof. Dr.
D. Knofel. von Bottger, K. G., Editor. Diss. Druck, Darmstadt (1996) pp. 213-219.

Raue, Jan. Restauratorische und naturwissenschaftliche Untersuchung und Konservierung der mittelalterlichen Putze
einer brandenburgischen Feldsteinkirche. In Mittelalterliche Putze und Mdértel im Land Brandenburg. Potsdamer
VerlagsBuchhandlung GmbH, Potsdam (1998) pp. 87-103.
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Schlitter, Frank; Neumann, Hans-Hermann; and Juling, Herbert. Mikroskopische Untersuchungen zu den
Putazfestigungen an der Feldsteinkirche Schonewalde. In Mittelalterliche Putze und Mortel im Land
Brandenburg. Potsdamer VerlagsBuchhandlung GmbH, Potsdam (1998) pp. 111-131.

Fischer, K. and Meier, H. G. Wer hat Angst vor Kalk? Kalkputz und Kalkmortel in der Denkmalpflege. Pro und Contra.
Bausubstanz, 5 (1999) pp. 38-43.

Arnold, Barbel. Demerthin-Naturwissenschaftliche Untersuchungen zur Putzkonservierung am  Schloss.
Brandenburgische Denkmalpflege, 9, no. 2 (2000) pp. 43-48.

Raue, Jan. Demerthin-Untersuchung der Oberflichen und Konservierung des barocken putzes des Schlosses
Demerthin. Brandenburgische Denkmalpflege, 9, no. 2 (2000) pp. 43-48.

Van Hees, R. P. J.; Pel, L.; and Lubelli, B. Damage diagnosis and compatible repair mortars. In /nternational RILEM
workshop on historic mortars. characteristics and tests. Paisley, Scotland, 12-14 May 1999 (2000) pp. 27-36.

Dettmering, T. and Kollmann, H. Putze in der Bausanierung und Denkmalpflege. Verlag Bauwesen, Berlin (2001) 288p.

Van Hees, R. P. J.; Pel, L.; and Lubelli, B. Towards compatible repair mortars for masonry in monuments. In Protection
and conservation of the cultural heritage of the Mediterranean cities. Proceedings of the 5th international
symposium on the conservation of monuments in the Mediterranean Basin. Seville, 5-8 April 2000 (2002) pp.
371-375.

Documentation and Monitoring

This group of citations is concerned with literature describing various methods of documentation and monitoring as
aids to anamnesis, diagnosis, and treatment.

Gary, M. Die Bedeutung der Mortel in der Denkmalpflege. Die Denkmalpflege, 23 (1921) pp. 102-104.
Ochs, P. Die Mdrtel in der Denkmalpflege. Verlag des Vereins Deutscher Kalkwerke e.V., Berlin (1924) 12p.
Anonymous. Pathologie de la construction: défaillance de fondations. Bdtir, 189 (1970) p.37.

Dowrick, D. and Beckmann, P. York minster structural restoration. Proceedings of the Institution of Civil Engineers,
Supplement VI (1971) pp. 93-156.

Beckmann, P. Structural analysis and recording of ancient buildings. The ARUP journal, 7, no. 2 (1972) pp. 2-5.
Ashurst, J. Mortars for historic building. Building conservation, Summer (1978) pp. 65-66.
Grimmer, Anne E. Masonry conservation. 7echnology and conservation, 6, part 2 (1981) pp. 32-35.

Anderson, C. Some observations on masonry wallette testing. /nternational journal of masonry construction, 2, no. 4
(1982) pp. 146-154.

Boiret, Y. Ancien couvent des cordeliers. (1982) 9p.
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Davison, J. I. An autoclave expansion test method for type n hydrated lime intended for use in masonry. In Masonry:
materials, properties, and performance: a symposium. Orlando, Florida, 9 December 1980 (1982) pp. 5-14.

ICCROM. Mortars, cements and grouts used in the conservation of historic buildungs: symposium. Rome, 3-6
November 1991 (1982) 414p.

Potter, R. J. The monitoring of crack movement with electronic equipment at St Paul's Cathedral, London.
Monumentum, 25, no. 3 (1982) pp. 215-227.

Stewart, J. and Moore, J. Chemical techniques of historic mortar analysis. In Mortars, cements and grouts used in the
conservation of historic buildings. Rome, 3-6 November 1981 (1982) pp. 297-310.

Ferragni, Daniela; Forti, Massimo; Malliet, Joseph; Mora, Paolo; Teutonico, Jeanne Marie; and Torraca, Georgio.
Injection grouting of mural paintings and mosiacs. In Adhesives and consolidants. Preprints of the
contributions to the /IC Paris congress. Paris, France, 2-8 September 1984 (1984) pp. 110-116.

Biscontin, G., Editor. L'ntonaco: storia, cultura e tecnologia. Atti del convegno di Studi. Bressanone, ltaly, 24-27 June
1985 (1985) 451p.

Franchi, R.; Fratini, F.; and Manganelli del Fa', C. Caratterizzazione degli intonaci mediante l'impiego di tecniche
mineralogico-petrografiche. In L'intonaco: storia, cultura e technologia: atti del convegno di studi. Bressanone,
Italy, 24-27 June 1985 (1985) pp. 167-183.

Hoberman, M. Two architects' sketches. Journal of the Society of Architectural Historians, XLIV (1985) pp. 380-383.

Rota Rossi-Doria, P. Mortars for restoration: basic requirements and quality control. Matériaux et constructions, 19
(1986) pp. 445-448.

Sugden, W. and Wymer, C. Conservation and structure-the roof to the Great Hall, Bedford School. Structural engineer,
64A, no. 2 (1986) pp. 45-49.

Andam, Kwesi A. Elasto viscoplastic behavior of masonry elements. In Proceedings of the 8th international brick and
block masonry conference. Dublin, 19-21 September 1988 (1988) pp. 1059-1066.

Baehr, H. P. The use of photogrammetry in the analysis of deformation. In Stable-unstable?: structural consolidation of
ancient buildings. Lemaire, R. M. and Van Balen, K., Editors. University Press, Leuven (1988) pp. 157-166.

Beckman, P. The step-by-step approach to investigation and remedial work illustrated by the work at York Minster and
Holy Trinity Church, Coventry. In Stable-Unstable?: Structural consolidation of ancient buildings. Lemaire, R.
M. and Van Balen, K., Editors. University Press, Leuven (1988) pp. 105-113.

Carbonnell, M. Apport de la métrologie photogrammeétrique dans I'analyse géométrique et pathologique des structures
anciennes. In Stable-unstable? Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K.,
Editors. University Press, Leuven (1988) pp. 167-180.

Croci, G. Credibility and reliability in the safety evaluation of monuments: the Palazzo Senatorio in Campidoglio. In
Stable-unstable?: structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors.
University Press, Leuven (1988) pp. 195-213.

Lemaire, R. M. and Van Balen, K. (Editors). Stable-unstable? Structural consolidation of ancient buildings. Monumenta
Omnimodis Investigata. University Press, Leuven (1988) 344p.
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Mouton, B. Méthodes d'analyse destructives et non-destructives pour les structures historiques. Avantages et limites.
In Stable-unstable?: Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors.
University Press, Leuven (1988) pp. 141-156.

Obermeier, Christoph. Datenerfassung und Datenspeicherung in der denkmalpflegerischen Praxis: die Datenbank des
DBU-Projektes-Erforschung und Erhaltung historischer Putze und Mortel im Hinblick auf Umweltschaden. In
Mittelalterliche Putze und Modrtel im Land Brandenburg. Potsdamer VerlagsBuchhandlung GmbH, Potsdam
(1988) pp. 131-139.

Oberti, G. Mesures des déformation des structures. Possibilités et limites d'essais sur modéles réduits. Exemple: la
reconstruction des colonnes du 'tiburium' du Dome de Milan. In Stable-unstable?: Structural consolidation of
ancient buildings. Lemaire, R. M. and Van Balen, K., Editors. University Press, Leuven (1988) pp. 181-193.

Potter, R. J. and Guant, S. K. The use of precision electronic monitoring systems for the analysis and control of
structures. In Stable-unstable?: Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K.,
Editors. University Press, Leuven (1988) pp. 215-229.

Pursche, Jiirgen. Historische Putze-Befund in Bayern, zu ihrer Typologie, Technologie, Konservierung und
Dokumentation. Zeitschrift fiir Kunsttechnologie und Konservierung, 2, no. 1 (1988) pp. 7-52.

Rossi, P. Non-destructive methods of analysing the mechanical characteristics of masonry constructions using flat-
jacks. In Stable-unstable?: Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K.,
Editors. University Press, Leuven (1988) pp. 115-126.

Save, M. La théorie des charges limites et son application aux macgonneries. In Stable-unstable?: Structural
consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors. University Press, Leuven (1988)
pp. 231-248.

Van Balen, K. Stabiliteitsherstel in monumentenzorg. In Stable-unstable? Structural consolidation of ancient buildings.
Lemaire, R. M. and Van Balen, K., Editors. University Press, Leuven (1988) pp. 15-27.

Wenzel, F. Examples of methodical approach to structural consolidation of ancient buildings. In Stable-unstable?
Structural consolidation of ancient buildings. Lemaire, R. M. and Van Balen, K., Editors. University Press,
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Characterization and Analysis

Citations listed in this section discuss the characterization and analysis of lime mortars, as well as the materials used
to make them. This section is divided into seven sub groups.

Additives

This subgoup covers literature that discusses additives, which are materials (both organic and inorganic) added to
mortar and plasters —generally in minor quantity- that can considerably change their properties and durability.
Additives may require special analytical techniques for their detection.
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