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REFERENCES OF SALTS IN POROUS MATERIALS 

A set of references is hereby presented to support the three previous ‘Paula’s Papers: Salts in Porous 
Construction & Building Materials’. If you want to know more about salts, not just within construction 
materials but in other related building materials (linked to archaeological artefacts, mosaics, wall paintings, 
sculptures or rock-cut facades), you will find a selection of article reviews, book chapters, reports and 
guidelines on salt crystallization in porous materials. 

1. BOOKS AND CHAPTERS 

Arnold A, Zehnder K (1991) Monitoring wall paintings affected by soluble salts. In: The conservation of wall 
paintings, Cather S (Ed). The Getty Conservation Institute, Los Angeles. 
 

Camuffo D (2016) Weathering of Building Materials. In: Urban pollution and changes to materials and 
building surfaces, Book Series: Air Pollution Reviews, Peter Brimblecombe (Ed), Vol. 5: 19-64, Imperial 
College Press, London. 
 

Cooke RU, Gibbs GB (1995) Crumbling Heritage? Studies of stone weathering in polluted atmospheres. 
National Power PLC and PowerGen plc. 68p. 
 

Doehne E (2002) Salt weathering: a selective review. In: Natural Stone, Weathering Phenomena, 
Conservation Strategies and Case Studies. S. Siegesmund; T. Weiss; A. Vollbrecht (Eds), 205, 51-64, 
Geological Society, London, Special Publications. 
 

Doehne E and Price CA (2010) Stone Conservation, An Overview of Current, Research, Second Edition, The 
Getty Conservation Institute, Los Angeles. 
 

Espinosa-Marzal RM, Scherer GW (2010) Mechanisms of damage by salt. In: Smith BJ, Gomez-Heras M, Viles 
HA, Cassar J (eds) Limestone in the built environment: present-day challenges for the preservation of the 
past. 331, pp 61–77, Geological Society, London, Special Publications. 
 

Siedel H, Siegesmund S, Sterflinger K (2011) Characterisation of Stone Deterioration on Buildings. In: 
Siegesmund S, Snethlage R (Eds.) Stone in Architecture: properties, durability, 4th edition, pp. 347-410, 
Springer. 
 

Steiger M (2003) Salts and crusts. In: The Effects of Air Pollution on the Built Environment. Peter 
Brimblecombe (Ed), pp. 133-181, Imperial College Press, London. 
 

Steiger M, Charola AE, Sterflinger K (2011) Weathering and Deterioration. In: Siegesmund S, Snethlage R 
(Eds.) Stone in Architecture: properties, durability, 4th edition, pp. 227-316, Springer. 
 

Trotman, P. Sanders, C. and Harrison, H (2004) Understanding dampness - effects, causes, diagnosis and 
remedies. British Research Establishment (BRE), IHS BRE Press. 
 

Zornoza-Indart A, Lopez-Arce P (2019) Stone. In: Long-term Performance and Durability of Masonry 
Structures: Degradation Mechanisms, Health Monitoring and Service Life Design. B. Ghiassi and P. Lourenco 
(Eds), Woodhead Publishing Series in Civil and Structural Engineering, pp. 59-88. 
 

 

 



 

 

 

 

 

 

4 

 

2. PUBLICATIONS FROM INTERNATIONAL CONFERENCES 

Bourges A, Verges-Belmin V (2008) Comparison and optimization of five desalination systems on the inner 
walls of Saint Philibert Church in Dijon, France. In: Proceedings from the international conference on salt 
weathering on building and stone sculptures. The National Museum, Copenhagen, Denmark, p 29–40. 
 

Delgado JMPQ, de Freitas VP (2012) Salt Degradation in Stone of Old Buildings. 8th International 
Conference on Diffusion in Solids Liquids (DSL 2012), Istanbul, Turkey. DIFFUSION IN SOLIDS AND LIQUIDS 
VIII, Book Series: Defect and Diffusion Forum, Vol. 334-335, pp. 337-342 (2013). 
 

Kyriakou L, Theodoridou M, Ioannou I (2017) Assessment of the durability of lime renders with Phase 
Change Material (PCM) additives against salt crystallization. In: Proceedings of the fourth international 
conference on salt weathering of buildings and stone sculptures (SWBSS 2017), University of Applied 
Sciences, Potsdam, pp 81–89. 
 

López-Arce, P., Doehne E (2006) Kinetics of sodium sulfate efflorecence as observed by humidity cycling 
with ESEM. Two Volume Set: Proceedings of the International Heritage, Weathering and Conservation 
Conference (HWC-2006), June 2006, Madrid, Spain, CRC Press, pp.285-291  
 

Siegesmund S, Ruedrich J, Weiss T (2004) Marble deterioration. In: Dimension stone. New Perspectives for a 
Traditional Building Material. Proceedings of the International Conference in Dimension Stone 2004, Prikryl 
R (Ed), 14-17 June, Prague, Czech Republic Taylor & Francis. 
 

Zornoza-Indart, A., López-Arce, P., Zoghlami, K., Alvarez de Buergo, M., & Fort, R (2012) Efficiency of salt 
removal using different poultices and application methods: the case of the Spanish fort of Bizerte, Tunisia. 
Global Stone Conference, Alentejo, Portugal. 
 

3. REPORTS, GUIDELINES AND OTHERS 

PCA (2013) Hygroscopic Salts and Rising Dampness, Damp Proofing DP10/1107, The Property Care 
Association Publications, Huntingdon, England. 
 

Price CA (2000) An expert chemical model for determining the environmental conditions needed to 
prevent salt damage in porous materials. European Commission Research Report No. 11, Protection and 
Conservation of European Cultural Heritage. Archetype Publications, London. 
 

Young D (1995) Rising damp and salt attack. South, Australia, Department of Environment and Natural, 
Resources and the City of Adelaide, p 21. 
 

Young D (2008) Salt attack and rising damp: a guide to salt damp in historic and older buildings. Technical 
report: Heritage Council of NSW. Heritage Victoria, South Australian Department for Environment and 
Heritage Adelaide City Council, 78 pp. 
 

4. SCIENTIFIC ARTICLES PUBLISHED IN INDEX JOURNALS 

Alves C, Figueiredo C, Maurıcio A, Braga MAS, AiresBarros L (2011) Limestones under salt decay tests: 
assessment of pore network-dependent durability predictors. Environ Earth Sci 63(7–8):1511–1527. 
 

Alves C, Figueiredo C, Maurıcio A (2017) A critical discussion of salt weathering laboratory tests for 
assessment of petrological features susceptibility. Proc Earth Planet Sci 17:324–327. 
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Alves C, Figueiredo C, Sanjurjo-Sanchez J (2020) Rock Features and Alteration of Stone Materials Used for 
the Built Environment: A Review of Recent Publications on Ageing Tests. Geosciences 10 (91):1-13. 
 

Angeli M, Hebert R, Menendez B, David C, Bigas J-P (2010) Influence of temperature and salt concentration 
on the salt weathering of a sedimentary stone with sodium sulphate. Eng Geol 115(3–4):193–199. 
 

Balboni E, Espinosa-Marzal RM, Doehne E, Scherer GW (2010) Can drying and re-wetting of magnesium 
sulfate salts lead to damage of stone? Environ Earth Sci 63(7–8):1463–1473. 
 

Benavente D, Garcıa del Cura M, Bernabeu A, Ordoñez S (2001) Quantification of salt weathering in porous 
stones using an experimental continuous partial immersion method. Eng Geol 59(3–4):313–325. 
 

Benavente D, Garcia del Cura MA, Ordoñez S (2003) Salt influence on evaporation from porous building 
rocks. Cons Build Mat 17(2):113–122, 
 

Benavente D, Garcıa del Cura MA, Garcıa-Guinea J, Sanchez-Moral S, Ordoñez S (2004) Role of pore 
structure in salt crystallisation in unsaturated porous stone. J Crystal Growth 260(3–4):532–544. 
 

Benavente D, Linares-Fernandez L, Cultrone G, Sebastian E (2006) Influence of microstructure on the 
resistance to salt crystallisation damage in brick. Mater Struct 39(1):95–101. 
 

Benavente D, Cueto N, Martinez-Martinez J, Garcia del Cura MA, Cañaveras JC (2007) The influence of 
petrophysical properties on the salt weathering of porous building rocks. Environ Geol 39:105–113. 
 

Benavente D, Martinez-Martinez J, Cueto N, Ordoñez S, Garcia del Cura MA (2018) Impact of salt and frost 
weathering on the physical and durability properties of travertines and carbonate tufas used as building 
material. Environmental Earth Sciences 77 (4):147. 
 

Cardell C, Rivas T, Mosquera JJ, Birginie JM, Moropoulou A, Prieto B, Silva B, Van Grieken R (2003) Patterns 
of damage in igneous and sedimentary rocks under conditions simulating sea-salt weathering. Earth Surf 
Proc Land 28:1–14. 
 

Cardell C, Benavente D, Rodrıguez-Gordillo J (2008) Weathering of limestone building material by mixed 
sulphate solutions. Characterization of stone microstructure, reaction products and decay forms. Mater 
Charact 59(10):1371–1385. 
 

Charola E (2000) Salts in the Deterioration of Porous Materials: An Overview. Journal of the American 
Institute for Conservation, Vol. 39, No. 3, pp. 327-343. 
 

De Clercq H, Jovanovic M, Linnow K, Steiger M (2013) Performance of limestones laden with mixed salt 
solutions of Na2SO4–NaNO3 and Na2SO4–K2SO4. Environ Earth Sci 69:1751–1761. 
 

De Freece SN, Weber J, Charola AE (2005) Hygric behaviour of two of the most deteriorating salts: sodium 
sulphate and sodium carbonate. Restor Build Monum 11(2):79–86. 
 

Delgado JMPQ, Guimaraes AS, de Freitas VP, Antepara I, KoIí V, Cerny R (2016) Salt Damage and Rising 
Damp Treatment in Building Structures. Advances in Materials Science, Vol.16:1-13. 
Desarnaud J, Bertrand F, Shahidzadeh-Bonn N (2013) Impact of the kinetics of salt crystallization on stone 
damage during rewetting/drying and humidity cycling. J Appl Mech 80(2):020911. 
 

Desarnaud J., Bonn D. & Shahidzadeh N (2016) The Pressure induced by salt crystallization in confinement. 
Scientific Reports volume 6, Article number: 30856. 



 

 

 

 

 

 

6 

 

Derluyn H, Dewanckele J, Boone MN, Cnudde V, Derome D, Carmeliet J (2014) Crystallization of hydrated 
and anhydrous salts in porous limestone resolved by synchrotron X-ray microtomography. Nucl Instrum 
Methods Phys Res, Sect B 324:102–112. 
 

Diaz Gonçalves T, Delgado Rodrigues J (2006) Evaluating the salt content of salt-contaminated samples on 
the basis of their hygroscopic behavior. Part I: fundamentals, scope and accuracy of the method. J Cult 
Herit 7(2):79–84. 
 

Diaz Gonçalves T, Brito V (2014) Alteration kinetics of natural stones due to sodium sulfate crystallization: 
can reality match experimental simulations? Environ Earth Sci 72(6):1789–1799. 
 

Egartner I, Oliver S (2016) Using paper pulp poultices in the field and laboratory to analyse salt distribution 
in building limestones. Heritage Science 4:UNSP 41. 
 

Egartner I, Sass O, Viles H, Dietzel M (2020) A Multi Proxy Investigation of Moisture, Salt, and Weathering 
Dynamics on a Historic Urban Boundary Wall in Oxford, UK. Studies in Conservation 65(3): 172-188. 
Espinosa-Marzal RM, Scherer GW (2012) Impact of inpore salt crystallization on transport properties. 
Environ Earth Sci 69(8):2657–2669. 
 

Flatt RJ (2002) Salt damage in porous materials: how high supersaturations are generated. Journal of 
Crystal Growth 242(3–4):435–454. 
 

Flatt RJ, Caruso F, Sanchez AMA, Scherer GW (2014) Chemomechanics of salt damage in stone. Nature 
Communications, vol. 5, Article number: 4823. 
 

Flatt R, Aly N, Caruso F, Derluyn H, Desarnaud J, Lubelli B, Espinosa RM, Pel L, Rodriguez-Navarro, Scherer 
GW, Shahidzadeh N, Steiger M (2017) Predicting salt damage in practice: a theoretical insight into 
laboratory tests. RILEM Tech Lett 2:108–118. 
 

Fort R, Fernandez-Revuelta B, Varas MJ, Alvarez de Buergo M, Taborda M (2008) Effect of anisotropy on 
Madrid-region Cretaceous dolostone durability in salt crystallisation processes. Mater Construcc 58(289–
290):161–177. 
 

Fragata A, Veiga MR, Velosa A (2016) Substitution ventilated render systems for historic masonry: salt 
crystallization tests evaluation. Constr Build Mater 102(1):592–600. 
 

Franzoni E, Gentilini C, Graziani G, Bandini S (2014) Towards the assessment of the shear behaviour of 
masonry in on-site conditions: a study on dry and salt/water conditioned brick masonry triplets. Constr 
Build Mater 65:405–416. 
 

Franzoni E, Gentilini C, Santandrea M, Zanotto S & Carloni C (2017) Durability of steel FRCM-masonry joints: 
effect of water and salt crystallization. Materials and Structures, 50:201. 
Gibeaux S, Thomachot-Schneider C, Eyssautier-Chuine S, Marin B, Vazquez P (2018) Simulation of acid 
weathering on natural and artificial building stones according to the current atmospheric SO2/NOx rate. 
Environmental Earth Sciences, 77(9): 327. 
 

Gómez-Heras, M., Benavente, D., Alvarez De Buergo, M., Fort R (2004) Soluble salt minerals from pigeon 
droppings as potential contributors to the decay of stone based Cultural Heritage. Eur. J. Mineral16: 505-
509. 
 

Gomez-Heras M, Fort R (2007) Patterns of halite (NaCl) crystallisation in building stone conditioned by 
laboratory heating regimes. Environ Geol 52(2):239–247. 
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Gonçalves TD, Pel L, Rodrigues JD (2009) Influence of paints on drying and salt distribution processes in 
porous building materials. Constr Build Mater 23(5):1751–1759. 
 

Goudie AS (1993) Salt weathering simulation using a single-immersion technique. Earth Surf Proc Land 
18(4):369–376. 
 

Goudie A. S., Viles H. A. & Parker A. G (1997) Monitoring of rapid salt weathering in the central Namib 
Desert using limestone blocks. Journal of Arid Environments 37: 581–598. 
 

Graziani G, Sassoni E, Franzoni E (2016) Experimental study on the salt weathering resistance of fired clay 
bricks consolidated by ethyl silicate. Mater Struct 49(7): 2525–2533. 
 

Grossi CM, Esbert RM, Suarez del Rıo LM, Montoto M, Laurenzi-Tabasso M (1997) Acoustic emission 
monitoring to study sodium sulphate crystallization in monumental porous carbonate stones. Stud 
Conserv 2(2):115–125. 
 

Grossi CM, Murray M (1999) Characteristics of carbonate building stones that influence the dry deposition 
of acidic gases. Constr Build Mater, 13(3,1):101–8. 
 

Heidari, M.; Torabi-Kaveh, M.; Mohseni, H (2017) Assessment of the Effects of Freeze-Thaw and Salt 
Crystallization Ageing Tests on Anahita Temple Stone, Kangavar, West of Iran. Geotechnical and Geological 
Engineering, 35(1): 121-136. 
 

Iñigo AC, Alonso R, Vicente-Tavera S (2001) Dissolution of salts crystallized in building materials using 
ultrasound: an alternative to NORMAL (1983) standard methodology. Ultrason Sonochem 8:127–130. 
Ioannou I, Hoff WD (2008) Water repellent influence on salt crystallisation in masonry. Proc Inst Civil Eng 
Constr Mater 161(1):17–23. 
 

Karoglou M, Bakolas A, Moropoulou A, Papapostolou, A (2013) Effect of coatings on moisture and salt 
transfer phenomena of plasters. Construction and Building Materials, 48: 35-44. 
 

Korkanc M, Huseyinca MY, Hatir ME, Tosunlar MB, Bozdağ A, Özen L, İnce I (2019) Interpreting sulfated 
crusts on natural building stones using sulfur contour maps and infrared thermography. Environmental 
Earth Sciences, 78 (13): 378. 
 

La Russa MF, Ruffolo SA, Belfiore CM, Aloise P, Rovella N, Randazzo L, Pezzino A, Montana G (2013) Study of 
the effects of salt crystallization on degradation of limestone rocks. Periodico di mineralogia, 82(1): 113-
127. 
 

Laue S (2005) Salt weathering of porous structures related to climate changes. Restoration of Buildings and 
Monuments 11:1–10. 
 

Lindstrom N, Heitmann N, Linnow K, Steiger M (2015) Crystallization behavior of NaNO3–Na2SO4 salt 
mixtures in sandstone and comparison to single salt behavior. Appl Geochem 63:116–132. 
 

Liu Z, Deng D, De Schutter G (2014) Does concrete suffer sulfate salt weathering? Construction and Building 
Materials, 66: 692-701. 
 

Liu F, You Z, Yang X, Wang H (2018) Macro-micro degradation process of fly ash concrete under alternation 
of freeze-thaw cycles subjected to sulfate and carbonation. Construction and Building Materials, 181: 369-
380. 
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Lopez-Arce P, Doehne E, Martin W, Pinchin S (2008) Magnesium sulphate salts and historic building 
materials: experimental simulation of limestone flaking by relative humidity cycling and crystallisation of 
salts. Mater Construcc 58(289–290):125–142. 
 

Lopez-Arce P, Garcia-Guinea J, Benavente D, Tormo L, Doehne E (2009a) Deterioration of dolostone by 
magnesium sulphate salt: an example of incompatible building materials at Bonaval Monastery, Spain. 
Construction and Building Materials 23 (2), 846-855. 
 

Lopez-Arce P, Doehne E, Greenshields J, Benavente D, Young D (2009b) Treatment of rising damp and salt 
decay: the historic masonry buildings of Adelaide, South Australia. Materials and structures 42 (6), 827-
848. 
 

Lopez-Arce P, Varas-Muriel MJ, Fernandez-Revuelta B, Alvarez de Buergo M, Fort R, Perez-Soba C (2010) 
Durability of Spanish granites exposed to salt crystallisation tests: surface roughness quantification. 
Catena 83 (2–3): 170-185. 
 

López-Arce P, Fort R, Gómez-Heras M, Pérez-Monserrat E, Varas-Muriel MJ (2011a) Preservation strategies 
for avoidance of salt crystallisation in El Paular Monastery cloister, Madrid, Spain. Environmental Earth 
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López-Arce P, Zornoza-Indart A, Vázquez-Calvo C, Gomez-Heras M, Alvarez de Buergo M & Fort R (2011b) 
Evaluation of portable Raman for the characterization of salt efflorescences at Petra, Jordan. Spectroscopy 
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Lopez-Arce P, Tagnit-Hammou M, Menendez B, Mertz J-D, Kaci A (2016) Durability of stone-repair mortars 
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Lubelli B, van Hees RPJ, Brocken HJP (2004) Experimental research on hygroscopic behaviour of porous 
specimens contaminated with salts. Constr Build Mater 18(5):339–348. 
 

Lubelli B,vanHees RPJ,Groot CJWP(2006) The effect of environmental conditions on sodium chloride 
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