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IN SITU ASSESSMENT OF THE STONE CONSERVATION STATE 

BY ITS WATER ABSORBING BEHAVIOUR: A HANDS-ON 

METHODOLOGY  

D. Vandevoorde
1,2*

, T. De Kock
2
 and V. Cnudde

2
 

Abstract 

This paper describes the use of the water absorbing behaviour (WAB) for assessment of the 

conservation state of stone in situ. A test methodology, consisting of a combination of 

techniques for in situ measurement of the WAB, was applied in a case study on Lede stone, 

a sandy limestone, used in a medieval facade in Ghent, Belgium. The methods used were 

the contact sponge method (CSM), the Karsten tube (KT) and the droplet method (DM). 

Additionally, the residual hardness of the stone was measured by Schmidt hammer (SH). 

After careful selection of representative measuring points, a qualitative analysis of the 

stone’s condition could be made, based on its WAB, residual hardness, reference data from 

laboratory experiments and thorough visual observations. From this analysis it could be 

concluded that CSM, KT and SH generated coherent and compatible results; that DM could 

indicate superficial alterations which were not necessarily representative for the sub-

superficial WAB and that this methodology could give an insight on the conservation state, 

beyond visual observations, when combined with reference data.  

Keywords: porous stone materials, water absorbing behaviour, contact sponge method, 

Karsten tube, droplet method, capillary uptake 

 

1. Introduction 

Water absorption of a natural stone is of significant importance for its conservation, as 

water is a key element in most degradation processes. The water absorbing behaviour 

(WAB) of a stone material is governed by its pore structure and is constituted of the open 

porosity, pore size distribution, pore geometry and interconnectivity and chemico-physical 

properties of the internal pore surface (Hall and Hoff 2002). Consequently alterations in 

this pore structure will induce differences in the WAB (Kourkoulis 2006). These 

differences can be caused by variations in the natural state of the stone, such as different 

stone qualities and weathering degrees, presence of salts, bio colonization, crusts, etc. 

Additionally, due to treatments such as (old) water repellent treatments or the lack thereof, 

recent consolidation treatments, anti-graffiti etc. the WAB can be altered. When assessing a 

stones conservation state in situ, the WAB will be governed by a complex combination of 

these factors.  
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In this paper a methodology, consisting of a combination of in situ applicable WAB 

measuring techniques, namely the droplet method (DM), contact sponge (CSM) and 

Karsten tube (KT) is presented as diagnostic tool or the assessment of a stones conservation 

state. As these methods are quick, cheap and do provide directly applicable and easily 

understandable information, this methodology meets the requirements of the practical field 

and the restrictions of large scale in situ investigations. The methodology was tested in a 

case study regarding the pre-investigation of the condition of Lede stone, used in the 

medieval facade. Previous to this case study, the WAB methods were extensively tested 

under laboratory conditions on non-weathered stone samples (Vandevoorde et al., 2009 and 

2013) and Lede stone was elaborately studied by De Kock et al. (2015). Consequently this 

case study was the ideal opportunity to test knowledge acquired in laboratory under in situ 

conditions, where weathering, previous treatments and environmental factors could 

influence the measurements. The aim of the study was twofold: (1) Investigation of the 

practical applicability and compatibility of the methods under in situ conditions and (2) 

investigation of the sensibility of the methods for indication of structural variations of the 

stone, degree of weathering and presence of past treatments within the facade.  

The case study on WAB was part of a more elaborate study of the condition the medieval 

facade of the Free Boatmen’s Guild House (1531) in the centre of Ghent, Belgium 

(Fig. 1a). The Lede stone was aged and weathered and was subjected to several restoration 

campaigns in the past. In order to define an adequate restoration strategy, which would 

ensure an optimal conservation of the facade, a pre-investigation of the conservation state 

and study of consolidation treatments was prescribed. The examination of the conservation 

state consisted of a historical study of the facade, a thorough visual analysis, determination 

of deterioration patterns, analysis of types of Lede stone, laboratory investigation of 

samples, measurement of stone strength with a Schmidt hammer, measurement of the 

WAB, and IR-thermography. This paper will focus on the measurement of the WAB. 

2. Materials and methods 

2.1. Lithotype: Lede stone 

The Lede stone is a sandy limestone with a high historical importance in north eastern 

Belgium and adjacent parts of the Netherlands. Due to the natural variety within the stones 

components and fabric, porosities can range from below 5 vol-% to above 10 vol-%. This is 

mostly related to the amount of macrofossils and concomitant moldic pores. 

Microscopically, the stone is a packstone to grainstone with a large siliciclastic fraction, 

mainly quartz and some glauconite. When exposed outside an iron rich patina will form at 

the surface. Taking into account the geological variability, the stones in the facade were 

macroscopically divided in a fine grained and a coarse grained type (Fig. 1b and Fig. 1c). 

The fine grained type was defined by a compact, low porous and homogeneous texture with 

a low macrofossil content. The coarse grained type is defined by the presence of 

foraminifera (Nummulites variolarius) and serpulids (Ditrupa strangulate), which results in 

a rougher surface due to differential erosion.  
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Fig. 1: Facade of the Free Boatsmen’s Guild House in the historic centre of Ghent, 

Belgium (a) and details of the fine grained (b) and coarse grained (c) Lede stone. 

 

2.2. Test methodology 

2.2.1. Registration of measuring points and environmental conditions  

For an accurate interpretation of the obtained data, one should register all information 

which could have influenced the measurements. A datasheet was completed for each stone, 

containing the encoding and location of measuring point, time of measurement, weather 

conditions and environmental temperature and relative humidity. All measurements were 

performed in the same period under similar weather conditions to minimize the possible 

influence of variable environmental conditions. As a liquid, water could be present in the 

stone due to rain, fog, rising damp, hygroscopic salts, etc. To help indicate the presence of 

liquid water, the moisture content and temperature of the surface were recorded by using a 

moisture meter and IR-thermometer. Photographs were taken before and after measurement 

to register visual anomalies which occurred during the measurements such as absorption in 

microcracks, hindrance by soiling, leaks, etc. 

2.2.2. Measuring techniques 

The WAB measuring techniques used in this study were the droplet method (DM), the 

contact sponge method (CSM) and the Karsten tube (KT). The residual hardness of the 

surface was tested using a Schmidt hammer (SH). A combination of all data was used for 

evaluation of the stone quality, together with visual observations. In this paper the methods 

will be described only briefly. For further information the authors refer to previous 

publications (Vandevoorde et al., 2009 and 2013).  

The DM (Fig. 2a and Fig. 2b) is based on the classical contact-angle method  

(ASTM D7334-08 2008). In situ applicable variations of this method are frequently used in 

the field by conservators and restorers for e.g. assessment of the residual efficiency of water 

repellent treatments (Blaüer et al., 2012, Ferreira-Pinto and Delgado-Rodrigues 2000, pers. 

comm. Andrew Thorn and Olivier Rolland). In this case study a calibrated droplet of 100 µl 

demineralized water was dropped on a vertical surface using an Eppendorf-micropipette. 

The width and the length of the path of absorption were measured immediately after the 

droplet had completely been absorbed. The width was measured twice, at the start and end 

a) b) c) 
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of the droplets path and the average width was calculated. The degree of hydrophobicity of 

the surface was calculated by dividing the average width of the path by its length and 

multiplying the result by 100 for a better readability of the results. Consequently a low 

value indicated a water repellent surface, and a high value a water absorbing surface.  

The CSM (UNI 11432-2011) consists of pressing a wet sponge against the stone surface 

(Fig. 2c) and measuring the water absorption from the sponge by the difference in mass 

before and after contact. The WAB is calculated by dividing the amount of water absorbed 

by the contact surface and the time of contact. In this case 5g of water was added to the 

sponge and the contact time was 90s.  

The KT (RILEM 25-PEM 1980, NEN EN 16302 2013) consists of an open tube with a 

larger cylindrical body at the end which is attached to the surface of the stone by plastiline 

and is then filled with water. The amount of water absorbed over a certain period of time 

can be recorded by the reduction of the water in the graded tube (Fig. 2d). The WAB was 

calculated by dividing the amount of water absorbed between the 5
th

 and the 15
th

 minute by 

the contact surface and the time of contact (600 sec). The contact area is variable for each 

measurement due to the inwards expansion of the plastiline joint when pressing the pipe 

against the stone. Therefore, the contact area was calculated based on the average diameter, 

measured from the plastiline after removal of the pipe for each measurement.  

The SH (ASTM D5873-14 2014, NEN EN 12504-2 2012) was used to measure the residual 

hardness of the stones. The test consists of hitting the stone surface with a controlled impact 

by a spring loaded steel hammer (‘Classic Schmidt hammer, Type ‘N’ with impact of 2.207 

Nm, Fig. 2e). The distance of rebound of the piston is measured and gives an indirect 

indication of the stones hardness, which can be used only for qualitative comparison. This 

measurement provides information on possible structural disintegration of the stone just 

below the surface (Bostenaru et al., 2009). For each stone, the average value of ten 

consecutive measurements divided over de surface was calculated.  

For interpretation of the results obtained in situ, reference measurements for the different 

methods were made in laboratory on sound fine and coarse grained dry Lede stones. The 

reference values are the average values with standard deviation of ten consecutive 

measurements for each method.  

a)  

 

b)  

 

c)  

 

d)  

 

e)  

 

Fig. 2: Illustration of DM for a hydrophobic (a) and hydrophilic (b) surface, CSM (c), KT 

(d) and SH (e). 
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Tab. 1: Overview of field of application of WAB methods 

Characteristic DM CSM KT 

Measured area surface subsurface to bulk subsurface to bulk 

Capillary uptake of stone all low uptake elevated uptake 

Sensitivity - 0.01g 0.1g 

Contact time - 30 s up to120 s 5 min up to 1 h or more 

 

3. Results and discussion of the test methodology 

The registration of the measured stones included the description of the lithotype 

(fine/coarse), the observed weathering (using the ICOMOS-ISCS Illustrated glossary on 

stone deterioration patterns by Vergès-Belmin 2008) and the known treatments. Based on 

this description the measured stones were classified in 9 categories (Tab. 2).  

Tab. 2: Classification of measured stones based on their conservation state 

Cat. Stone 

type 

Condition 

1 Fine Granular disintegration and delamination. Stones used for consolidation 

tests. 

2 Fine Sound stone with iron rich patina at the surface. 

3 Fine Spalling of iron rich patina. Measurements made on patina, not on spalled 

parts. 

4 Fine Sound stone, without iron rich patina. Surface is bleached by exposure to 

rainfall. 

5 Fine Spalling of the iron rich patina and granular disintegration.  

6 Fine Heterogeneous stones with laminated structure. Hair cracks. 

7 Fine No iron rich patina. Surface is bleached by exposure to rainfall.  

Slight soiling and biological colonization 

8 Coarse Spalling, soiling and biological colonization. 

9 Coarse Differential erosion and roughening of the surface 

Soiling and biological colonization. 

 

As mentioned above it has to be taken into account that variable factors (such as 

environmental factors or moist) can influence the measurements in situ. Besides, in larger 

monuments, only a selection of measuring points of the overall surface can be analysed. 

Therefore, quantitative and statistically solid results will be hard to obtain. Hence, 

qualitative analysis of the results, in combination with visual observations and results of 

other diagnoses will be more apt to assess the conservation state of larger structures such as 
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monuments. In this study a qualitative comparison was made. Therefore the results of each 

method were visualized in scalebars (Fig. 3). Each scalebar contains the reference values 

for sound fine (Rf) and coarse (Rc) Ledestone, obtained from measurements in laboratory 

on dry and non-weathered stones. Below the scalebars the in situ obtained values for the 

nine categories were plotted. For evaluation of the stones condition the in situ obtained 

values were compared to the reference values, and interpreted in combination with the 

visual observations.  

 

Fig. 3: Scalebars showing the results for DM (mm/mm), CSM (g/m²s), KT (g/m²s) and SH 

(Schmidt Hammer Rebound Value).Rf and Rc are the average reference values for fine and 

coarse Ledestone. Their respective standard deviations are indicated with the green lines in 

the scalebars. Below the scalebars the average results for each of the nine categories (1 to 

9) is plotted.  

For DM most categories clearly exceed the reference values, meaning that the surface 

absorbs more water than sound stones. From the visual observations it could be noticed that 

the surface is weathered and superficially rough compared to non-weathered stones. 

Therefore it can be assumed that the weathering of the surface causes the higher absorption. 

Only Cat. 1 and 2 display a remarkably lower absorption compared to the rest of the facade. 

Cat. 1 showed clear repellence of the droplet, which can be ascribed to the consolidation 

tests. As ethylorthosilicate consolidant was freshly applied, the solvent was still present in 

the pores, making the stone temporarily water repellent until evaporation of the solvent. 

The lower absorption for Cat. 2 could be related to its healthy condition, but remained 

lower than Cat. 3, which had a similar superficial conservation state. Consequently an 

additional alteration of the surface was presumed. The conjecture was made of an anti-

graffiti treatment, from the fact that this hydrophobicity was only present in the lower part 

of the facade and that traces of washed off graffiti were present on certain stones.  

CSM indicated an acceptable WAB compared to the reference values for Cat. 2, 3, 9. This 

indicates that these stones show no sub-superficial irregularities in their pore structure. 

Cat. 4 and 7 show a slightly higher, but still acceptable WAB, probably caused by the 

absence of the iron rich patina after natural weathering. The higher WAB of Cat. 5, 6, 8 is 

in accordance with their poor visual condition. Cat. 1 was clearly hydrophobic, also in 

depth, due to the presence of the solvent of the recent consolidant.  
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KT could only be used in case of higher WAB. Therefore, no results could be obtained for 

Cat. 1, 2, 3. The tests also failed for Cat. 5, as excessive leaking occurred, caused by the 

granular disintegration. For Cat. 4, 6, 7, 8, 9 measurements with KT confirm the visual 

observations as well as the results of CSM. This illustrates the coherence of CSM and KT 

for the analysis of Lede stone. Also their limitations were highlighted. KT was not able to 

measure the less absorbing stones of Cat. 1, 2, 3, while CSM reached its limit for testing the 

more absorbing stones of Cat. 6, 8, 9. It has to be mentioned that practical hindrances of KT 

noticed in laboratory, were clearly more predominant in situ, causing more tests to fail. 

Moreover, the standard deviation for KT was remarkably higher than for CSM.  

SH confirms the visual observations and WAB measurements made by CSM and KT for all 

categories. Cat. 1, 5, 6, 7, 8 have a lower residual hardness and Cat. 2, 3 and 4 an 

acceptable hardness compared to the reference values. The inferior structural hardness 

corresponds to a higher WAB due to the more open structure of the weathered stones.  

From the combination of these measurements and visual observations following 

considerations concerning the different categories could be made: 

 Cat. 1: Weakened stone with a very low superficial and sub-superficial absorption 

measured with DM, CSM and KT. Freshly consolidated weakened stone. 
 

 Cat. 2: Lower superficial absorption shown by DM, but normal sub-superficial 

absorption according to CSM. Conjecture of anti-graffiti on sound stone. 
 

 Cat. 2 and 3: Stones in a good condition according to CSM and SH.  
 

 Cat. 4, 7 and 9: Higher WAB and lower residual hardness compared to sound 

stones, but generally sound condition without precarious deterioration patterns. 
 

 Cat. 5, 6 and 8: Higher superficial and sub-superficial absorption by DM, CSM and 

KT and low hardness by SH. Stones in a poor conservation state.  

Concerning the performance of the methods, the results of CSM, KT and SH turn out to be 

coherent for all categories, indicating the compatibility of the methods. DM analyses the 

superficial absorption and demonstrates that this is not always related to the sub-superficial 

condition of the stone. 

4. Conclusions 

The WAB measuring techniques DM, CSM, KT and the hardness meter SH showed to be 

valuable and compatible tools for in situ analysis of the stones conservation state, ranging 

from surface to sub-surface and bulk. As expected, DM illustrated to be capable of 

indicating superficial alterations, while CSM, KT and SH gave an insight in the sub-

superficial condition. Considering the variable factors present in situ and the large scale 

investigation, results could only be assessed qualitatively in relation to reference values of 

sound stones and in combination with a thorough visual analysis of the stones conservation 

state.  

  



 

 

 

13th International Congress on the Deterioration and Conservation of Stone: Investigation Methods 

 

490 

References  

ASTM D5873-14, 2014, Standard Test Method for Determination of Rock Hardness by 

Rebound Hammer Method, West Conshohocken, PA, USA. 

ASTM D7334-08, 2008, Standard Practice for Surface Wettability of Coatings, Substrates 

and Pigments by Advancing Contact Angle Measurement, 3.  

Bläuer, C., Franzen, C., Vergès-Belmin, V.,  2012, Simple field tests in stone conservation, 

in proceedings of the 12
th

 International Congress on Deterioration and 

Conservation of Stone, Colombia University, New York, USA. In press.  

Bostenaru, M.D., Prikryl, R., Török, A., 2009, Materials, Technologies and Practice in 

Historic Heritage Structures, Springer Science & Business Media, ISBN 

9048126843, 371. 

De Kock, T., Boone, M., Dewanckele, J., De Ceukelaire, M., Cnudde, V., 2015, Lede 

stone: a potential “Global Heritage Stone Resource” from 

Belgium, EPISODES, 38(2), 91–96. 

Ferreira-Pinto, A.P., Delgado-Rodrigues, J., 2000, Assessment of durability of water 

repellents by means of exposure tests, in proceedings of the 9
th

 International 

Congress on Deterioration and Conservation of Stone, Venice, Italy, 273-285. 

Hall, C., Hoff, W.D., 2002, Water transport in brick, stone and concrete, Spon Press, ISBN 

9780415564670, 374 . 

Kourkoulis, S.K., 2006, Fracture and Failure of Natural Building Stones, Applications in 

the Restoration of Ancient Monuments, Springer Netherlands, ISBN 

9781402050770, 592. 

NEN EN 12504-2, 2012, Testing concrete in structures - Part 2: Non-destructive testing - 

Determination of rebound number, 8. 

NEN EN 16302, 2013, Conservation of cultural heritage – Test methods – Measurement of 

water absorption by pipe method, 15. 

RILEM 25-PEM, 1980, Recommended tests to measure the deterioration of stone and to 

assess the effectiveness of treatment methods, Materials and structures, 75, Paris, 

France, 175-253. 

UNI 11432-2011, 2011, Beni culturali, Natural and artificial stone – Determination of the 

water absorption by contact sponge, Milano, Italy. 

Vandevoorde, D., Cnudde, V., Dewanckele, J., Brabant, L., de Bouw, M., Meynen, V., 

Verhaeven, E., 2013, Validation of in situ applicable measuring techniques for 

analysis of the water adsorption by stone, in proceedings of Yococu 2012, 

Antwerp, Belgium, Procedia Chemistry, online paper, 317-327. 

Vandevoorde, D., Pamplona, M., Schalm, O., Vanhellemont, Y., Cnudde, V., Verhaeven, 

E., 2009, Contact sponge method: Performance of a promising tool for measuring 

the initial water absorption, Journal of Cultural Heritage, 10(1), 41-47. 

Vergès-Belmin, V., 2008, Illustrated glossary on stone deterioration patterns, ISBN 

9782918068000, 78. 


	SCIENCE AND ART: A FUTURE FOR STONE
	Preface
	Acknowledgements
	Contents
	Volume I
	Damage
	Investigation Methods
	Other Materials
	Abstracts

	Volume II
	Conservation
	Digitisation
	Case Studies
	Abstracts


	Damage
	Traffic-induced Emissions on Stone Buildings
	1. Introduction
	2. Methods
	3. Results
	3.1. Traffic volume and stock of cultural heritage
	3.2. Modelling of wind fields and deposition rates
	3.3. Exposure program

	4. Discussion

	Weathering Patterns of the Carved Stone and Conservation Challenges - World Heritage Site of Qutb Complex, New Delhi
	1. Introduction
	2. Study of Alai Darwaza
	3. Stone mineralogy
	4. Weathering of Sandstone in Alai Darwaza
	4.1. Detachment of stones
	4.1.1. Delamination
	4.1.2. Exfoliation
	4.1.3. Scaling

	4.2. Material loss
	4.2.1. Erosion
	4.2.2. Bursting and fracturingof sand stone

	4.3. Disintegration
	4.3.1. Sugaring

	4.4. Biological colonization - Algal growth

	5. Architectural stone mapping of the deterioration pattern
	6. Conclusion

	Effect of Microorganism Activities in a Polluted Area on the Alteration of Limestone used in Historical Buildings
	1. Introduction
	2. Materials and methods
	2.1. Studied area and sample collection
	2.2. Materials characterization
	2.3. Biological analyses
	2.3.1. Bacterial DNA extraction, pyrosequencing and data analysis
	2.3.2. Microorganisms extraction, isolation and acidification test


	3. Results and discussion
	4. Conclusion

	Granite and Marine Salt Weathering Anomalies from Submerged and Inter-tidal and Coastal Archaeological Monuments in Ireland
	1. Introduction
	2. The problem of salts of marine origin
	3. Field evaluations of granite stone monuments in Ireland
	4. Laboratory analyses
	4.1. Petrography
	4.2. Ion chromatography
	4.3. Scanning Electron Microscopy
	4.4. XRF Analysis

	5. Discussion

	Decay of Mesozoic Saltrio and Viggiù Limestones: Relationship between Micro-structural, Compositional and Environmental Characteristics
	1. Introduction
	2. Experimental
	2.1. Geological setting
	2.2. Materials and Methods
	2.3. Petrographic features (PLM)
	2.4. Micro-structural features of the Saltrio stone (SEM/ESD)

	3. Discussion and conclusions

	Role of Hydro-mechanical Coupling in the Damage Process of Limestones Used in Historical Buildings
	1. Introduction
	2. Experimental characterization of limestone
	2.1. Clay content quantification
	2.2. Hygric/hydric properties
	2.3. Mechanical properties

	3. Numerical modelling
	4. Case study
	4.1. The Caromb church
	4.2. Evolution of water content
	4.3. Development of mechanical stresses

	5. Conclusions

	The Contribution of Traditional Techniques to New Technology to Evaluate the Potential Risk of Stone Deterioration by Microorganisms
	1. Introduction
	2. Material and methods
	2.1. Description of studied sites
	2.2. Sampling
	2.3. Qualitative analyses of soluble salts by spot tests
	2.4. Determination of biological activity
	2.4.1. FDA (Fluorescein Diacetate) Hydrolysis Method
	2.4.2. TMF (Total Microflora) Method
	2.4.3. Measurement of the Global Microbial Activity with ATP (Adenosine 5'-triphosphate)
	2.4.4. MPN (Most Probable Number Method) and Biochemical tests
	2.4.4.1. Nitrification
	2.4.4.2. The oxidation of sulphur



	3. Results and discussion
	3.1. Spectrophotometric measurements
	3.2. TMF method
	3.3. ATP analyses
	3.4. MPN and biochemical tests

	4. Conclusions

	Porosimetric Changes and Consequences for Damage Phenomena Induced by Organic and Inorganic Consolidation Treatments on Highly Porous Limestone
	1. Introduction
	2. Materials and methods
	2.1. Globigerina limestone
	2.2. Consolidant products and treatment methodologies
	2.3. Porosimetric analysis

	3. Results and discussion
	3.1. Porosimetric analysis
	3.2. Impact on deterioration phenomena

	4. Conclusions

	Alteration of Marble Stones by Red Discoloration Phenomena
	1. Introduction
	2. Materials and methods
	2.1. Optical microscopy
	2.2. Micro-Raman spectroscopy
	2.3. X-ray micro-tomography
	2.4. XRF mapping

	3. Results and discussions
	4. Conclusions

	Quantifying Salt Crystallization Dynamics in Sandstone Using 4D Laboratory X-ray Micro-CT
	1. Introduction
	2. Drying- crystallisation dynamics
	2.1. Experimental work at the HECTOR scanner
	2.2. Results and discussion

	3. Deliquescence dynamics
	3.1. Experimental work at the EMCT scanner
	3.2. Results and discussion

	4. Conclusions

	Investigation of Salt Solution Behaviour in Building Stones Using Paper Pulp Poultices Under Laboratory Conditions
	1.  Introduction
	1.1. Interaction of two substrates (Poultices – porous material)
	1.2. Moisture and ion transport between poultice and substrate

	2. Material
	3. Methods
	3.1. Sampling by paper pulp poultices
	3.2. Sampling by drilling
	3.3. Conductivity sensor
	3.4. Ion Chromatography (IC)

	4. Results
	4.1. Paper pulp poultices
	4.2. Drill dust
	4.3. Salt ion concentrations measured by Ion Chromatography (IC)

	5. Discussion
	5.1. Moisture and salt solution behaviour during the dehydration process
	5.2. Effectivity of salt sampling by paper pulp poultices


	Experimental Study of the Ageing of Building Stones Exposed to Sulfurous and Nitric Acid Atmospheres
	1. Introduction
	2. Material
	2.1. Samples
	2.2. Ageing tests

	3. Analytical methods
	4. Results
	4.1. Visual and SEM observations
	4.2. Weight changes
	4.3. Roughness
	4.4. X-ray Computed Micro tomography (μCT)
	4.5. Pore access radii
	4.6. Ion chromatography

	5. Discussion and conclusion
	5.1. Type of atmosphere
	5.2. Behaviour of fresh stone and exposed stone
	5.3. Suitable techniques in the study of stone decay by exposure to acid atmosphere


	Geological Studies on Volcanic Tuffs Used as Natural Building Stones in the historical Center of San Luis Potosi, Mexico
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Petrography
	3.2. Petrophysical and moisture properties

	4. Discussion

	Weathering and Deterioration of Building Stones in Templo Mayor, Mexico City
	1. Introduction
	2. Properties of building materials
	3. Weathering and stone decay
	3.1. Environmental conditions
	3.2. Weathering effects on stone materials

	4. Previous treatments and future perspectives
	5. Conclusions

	Decay Products of the Kersantite Building Stone in the Monument of the Small Staircase at the Kalemegdan Park (Belgrade, Serbia)
	1. Introduction
	1.1. General words
	1.2. The monument Small Staircase

	2. Methodology
	3. Results and discussion
	3.1. Petrographical properties of the Tešića Majdan kersantite
	3.2. SEM-EDS analyses of decay stone surface crusts
	3.3. Decay forms

	4. Conclusions

	Relationship between the Durability and Fabric of Pasargadae Carbonate Stones (Archaelogical Site from Achaemenid Period, South of Iran)
	1. Introduction
	2. Experimental
	3. Result and discussion
	4. Conclusion

	Biodeterioration of Limestone Built Heritage: A Multidisciplinary Challenge
	1. Introduction
	2. Methodology
	2.1. Biocide testing
	2.2. Testing for active dissolution of calcium carbonate

	3. Results
	3.1. Biocide testing
	3.2. Calcium carbonate dissolution

	4. Discussion
	5. Conclusion

	Characterisation of a Pink Discoloration on Stone in the Pnom Krom Temple (Angkor, Cambodia)
	1.  Introduction
	2. Study area and environmental setting
	3. Materials and methods
	3.1. Sample preparation and optical microscopy
	3.2. Scanning Electronic Microscopy/Energy Dispersive Spectrometery (SEM/EDS)

	4. Results and discussion
	5. Conclusion

	Influence of the Villarlod Molasse Anisotropy on Cracking Advances in the Comprehension of the Desquamation Mechanisms
	1. Introduction
	2. Materials and methods
	2.1. Villarlod molasse sampling
	2.2. Characterisation methods
	2.2.1. Mineralogical and structural properties
	2.2.2. Mechanical characterisation
	2.2.3. Saturation at 48 hours, hygric behaviour and dimensional variations


	3. Results and discussion
	3.1. Mineralogical and structural properties
	3.2. Dimensional behaviour under relative humidity variations
	3.3. Mechanical characterization of the Villarlod molasse
	3.3.1. Mechanical properties at the initial dry state
	3.3.2. Influence of water saturation on mechanical properties
	3.3.3. Influence of hygric variations on Villarlod molasse

	3.4. Influence of clay minerals on fracture behaviour

	4. Conclusion and perspectives

	Decay phenomena of marbles in the archaeological site of Hierapolis of Phrygiae (Denizli, Turkey)
	1. Introduction
	1.1. Historical setting

	2. Materials and methods
	3. Results and discussion
	3.1. Main decay phenomena
	3.2. Composition of water
	3.3. Environmental monitoring
	3.4. Biological investigation

	4. Conclusion

	Freezing-thawing Phenomena in Limestones and Consequences for their Physical and Mechanical Properties
	1. Introduction
	2. Properties of fresh stones
	2.1. Petrophysical properties
	2.2. Mechanical properties

	3. Frost weathering
	3.1. Freeze-thaw cycle
	3.2. Temperature and strain monitoring during freeze–thaw cycle

	4. Results and discussion
	4.1. Thermal behaviour of stones during freeze-thaw cycle
	4.2. Physical properties variations
	4.3. Mechanical properties variations

	5. Conclusion

	Rapid Degradation of Stylolitic Limestones Used in Building Cladding Panels
	1. Introduction
	2. Materials and Methods
	2.1. Stone and swelling inhibitor
	2.2. Microscopy: thin section and SEM/EDS
	2.3. Moisture absorption and porosity
	2.4. Moisture expansion

	3. Results
	3.1. Petrographic analysis: cream limestone
	3.2. Petrographic analysis: light gray limestone
	3.3. Moisture uptake and porosity
	3.4. Moisture expansion

	4. Discussion
	5. Conclusions

	Swelling Clay and its Inhibition in the Villarlod Molasse
	1. Introduction
	2. Materials and Methods
	2.1. Stone and swelling inhibitor
	2.2. Rietveld analysis
	2.3. Scanning electron microscopy
	2.4. Moisture expansion experiments

	3. Results
	3.1. Rietveld analysis
	3.2. SEM Images
	3.3. Moisture expansion and treatment experiments

	4. Discussion
	5. Conclusions

	First Investigations of the Weathering and Deterioration of Rock Cut Monuments in Myra, Lycia (Turkey)
	1. Introduction
	2. The site of Myra and its necropolis
	2.1. Geological setting
	2.2. Environmental and climatic conditions
	2.3. Weathering forms
	2.4. Rock material and case studies

	3. Methods
	4. Results
	4.1. Mapping
	4.1.1. The soldier tomb of the ocean necropolis
	4.1.2. The tomb of the river necropolis

	4.2. Surface hardness
	4.3. Capillary water absorption
	4.4. Petrophysics and mineralogy

	5. Discussion and conclusions

	Contour Scaling at the Angkor Temples: Causes, Consquences and Conservation
	1. Introduction
	2. Site and conditions
	2.1. Climate, rock material and weathering
	2.1.1. Climate and environmental condition
	2.1.2. Geological setting and stone material
	2.1.3. Main weathering forms


	3. Investigations
	3.1. Methods and sample materials
	3.2. Mineralogical investigations
	3.3. Petrophysical properties
	3.4. Thermal dilatation experiment and hydric expansion

	4. Causes
	4.1. Contour scaling due to hydric expansion?
	4.2. Contour scaling due to thermal expansion?

	5. Consequences
	6. Conservation
	7. Final conclusions

	Georgia Marble at the Minnesota State Capitol: Examining the Correlations between Marble Composition, Local Climate, Climate and Durability
	1. Introduction
	2. Background
	2.1. The Minnesota State Capitol
	2.2. Georgia marble

	3. Methodology and results
	3.1. Field study
	3.1.1. Marble categorization
	3.1.2. Modes and Patterns of Deterioration
	3.1.3. Climatic Influences
	3.1.4. Comparison of Repair Frequency by Marble Type

	3.2. Field testing
	3.2.1. Calcium carbonate testing
	3.2.2. Magnesium carbonate testing

	3.3. Laboratory testing
	3.3.1. Grain size and texture
	3.3.2. Accessory mineral content


	4. Conclusions


	Investigation Methods
	The Effect of Salt Crystallisation on the Mechanical Properties of Limestone: Statistical Correlation between Non-Destructive and Destructive Techniques
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Methods

	3. Results
	3.1. Ultrasonic P- wave velocity
	3.2. Equotip surface hardness
	3.3. Unconfined Compression Strength (USC)
	3.4. Statistical correlation of experimental results

	4. Discussion and conclusions

	Computational simulation: Four Important Structural Elements to Protect the Buildings in Ancient Persian Engineering
	1. Introduction
	2. Coupling systems: Damage combinations
	3. Problems and related solutions in historical structures
	4. Four important details:
	4.1. Detail I: Slow-slip of contact surface between units for hysteresis of the energy of dissipation during dynamic excitation (seismic protection)
	4.2. Detail II: impermeable stone as base isolation for columns and walls to protect against weathering
	4.3. Detail III: Curved section stone as base plate for stone columns to protect concentration of stress in edge of column section
	4.4. Detail IV: Layered stone as continuum rigid mat foundation as base isolation for dynamic conditions (damper and frictional energy absorption).


	Material Analysis of Tarsus’ (Mersîn, Turkey) Traditional Buildings for the Development of Conservation Strategies
	1. Introduction
	2. Materials and methods
	3. Results and Discussion
	3.1. Performance properties: Basic physical and physicomechanical properties

	4. Compositional characteristics
	5. Conclusion

	Artifical Ageing Techniques on Various Lithotypes for Testing of Stone Consolidants
	1. Introduction
	2. Lithotypes selected and their typical deterioration phenomena
	3. Artificial ageing techniques and evaluation methods
	4. Results and discussion
	5. Conclusion and Outlook

	Applications of Image Analysis to Marble Samples
	1. Introduction
	2. Materials and Methods
	2.1. Petrographic characteristics of marbles
	2.2. Methods

	3. Results
	4. Discussions and Conclusions

	The Effects of Commercial Ethyl Silicate Based Consolidation Products on Limestone
	1. Introduction
	2. Materials
	2.1. Stones
	2.2. Consolidation products

	3. Methods
	3.1. Sample preparation, consolidation procedures and conditioning
	3.2. Product absorption and gel deposit content
	3.3. Capillary water absorption
	3.4. Hardness profiles (DRMS)

	4. Results
	4.1. Product absorption and gel deposit content
	4.2. Capillary water absorption
	4.3. DRMS measurements

	5. Conclusions

	Field Exposure Tests to Evaluate the Efficiency of Nano-Structured Consolidants on Carrara Marble
	1. Introduction
	2. Materials and methods
	3. Results and discussion
	4. Conclusions

	Electrophoresis as a Tool to Remove Salts from Stone Building Materials – Results from Lab Experiments and an On-site Application
	1. Introduction
	2. Experimental part
	2.1. Substrates
	2.2. Salts
	2.3. Test setup
	2.4. Onsite application
	2.5. Electrophoresis efficiency

	3. Results and discussion
	3.1. Stone slabs of 15×15×5 cm
	3.2. Bricks
	3.3. Sandwich structures
	3.4. Limestone slabs of 40×15×40 cm
	3.5. Onsite application

	4. Conclusion

	Salt Weathering of Sandstone During Drying: Effect of Primary and Secondary Crystallisation
	1. Introduction
	2. Experimental Section
	3. Results
	3.1. Macroscale experiments
	3.1.1. Crystallisation
	3.1.2. Recrystallisation dynamics

	3.2. Microscale experiments

	4. Conclusion

	Handheld X-Ray Flourescence Analysis (HH-XRF): A Non-Destructive Tool for Distinguishing Sandstones in Historic Structures
	1. Introduction
	2. The instrument
	3. Sample details
	4. The test programme
	4.1. Plotting parameters
	4.2. Comparison of sandstones
	4.3. Optimising analytical procedure
	4.3.1. Number of analyses per sample
	4.3.2. Sample surface condition


	5. Conclusions

	Intrinsic Parameters Conditioning the Formation of Mn-rich Patinas on Luneville Sandstones
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Methods

	3. Results and discussion
	3.1. Visual description of the samples
	3.2. Storage and transfer properties
	3.3. Chemical composition of the bulks and Mn content
	3.4. Mn-bearing phases in the bulk sandstones

	4. Conclusions and perspectives

	Smart Hydrophobic TiO2-nanocomposites for the Protection of Stone Cultural Heritage
	1. Introduction
	2. Experimental procedure
	2.1. Preparation of TiO2-based nanocomposites and application on stone
	2.2. Evaluation of the effectiveness of TiO2-based nanocomposites applied to stones specimens

	3. Results and discussion
	4. Conclusions

	Salt Extraction by Poulticing Unravelled?
	1. Introduction
	2. Methodology
	2.1. General sampling and salt analysis
	2.2. Laboratory tests and simulations
	2.3. Case studies

	3. Result of the laboratory tests versus the simulation
	4. Results of the case studies
	5. Conclusions

	Quantifying the Damage and Decay for Conservation Projects: Identification, Classification and Analysis of the Decay and Deterioration in Stone
	1. Introduction
	2. Conventional methods of documentation
	3. Modern methods of documentation
	4. Introduction to modeling
	5. The Damage Classification
	5.1. Identification
	5.1.1. XRD analysis:
	5.1.2. SEM Analysis of the sample
	5.1.3. Analysis

	5.2. Damage index, scale, multiplication factors and damage intensity
	5.3. Illustrations
	5.4. The application case

	6. Results
	7. Conclusions

	The Potential of Laser Scanning to Describe Stone degradation
	1. Introduction
	2. Laboratory ageing test
	2.1. Studied stone: Tuffeau
	2.2. Aging test protocol

	3. 3D acquisition
	3.1. Laser scanning
	3.2. Post-Processing

	4. Results and Discussion
	5. Conclusion and prospect

	Application of Colorimetry for the Post-Fire Diagnosis of Historical Monuments
	1. Introduction
	2. Material and methods
	2.1. Studied stone: Tuffeau
	2.2. Fire test applied

	3. Results and discussion
	3.1. Colour changes: Visual observation and colorimetry
	3.2. Change in P-wave velocity

	4. In situ validation test of the methodology
	5. Conclusion

	Developing Application Technology of Infrared Thermography for Documentation of  Blistering Zone
	1. Introduction
	2. Methodology
	3. Results
	3.1. Analysis of thermographic images
	3.2. Quantitative modelling and documentation

	4. Conclusion

	Stability Evaluation and Behaviour Monitoring of Songsanri Royal Tomb Complex in Gongju, Korea
	1. Introduction
	2. Conservation status
	2.1. Songsanri tomb No.5
	2.2. Songsanri tomb No.6
	2.3. Royal tomb of King Muryeong

	3. Wall movement monitoring
	3.1. Overview and methods
	3.2. Movement characteristics
	3.2.1. Change of rainfall and soil water contents
	3.2.2. Visitors impact?


	4. Conclusion

	Simulated Weathering and Other Testing of Dimension Stone
	1. Introduction
	2. Physical and mechanical testing
	2.1. Tests for engineering properties
	2.1.1. Compressive Strength
	2.1.2. Modulus of Rupture
	2.1.3. Flexural Strength
	2.1.4. Anchorage Strength

	2.2. Durability tests
	2.2.1. Petrographic Evaluation
	2.2.2. Absorption and Specific Gravity
	2.2.3. Abrasion Resistance
	2.2.4. Salt Crystallization
	2.2.5. Bow Testing
	2.2.6. Simulated Weathering
	2.2.7. Real Time Weathering


	3. Summary and conclusions

	IR Thermography Imaging of Water Capillary imbibtion into Pourous Stones  of a Gallo-Roman Site
	1. Introduction
	2. Site description and characterization of the studied materials
	3. Experimental procedure
	4. Results and preliminary analysis
	5. Discussion
	6. Conclusion and perspectives

	Investigation of Urban Rock Varnish on the Sandstone of the Smithonian Castle
	1. Introduction
	2. Varnish Characterization
	2.1. Mn Enrichment
	2.2. Mn Mineralogy
	2.3. Thickness
	2.4. Biology

	3. Sandstone Petrography
	4. Airborne Particulate Matter
	5. Spatial Distribution of Varnish
	6. Conclusions

	Petrophysical Characterization of Both Original and Replacment Stone Used in Archtectural Herritage of Morelio (Mexico)
	1. Introduction
	2. Methodology
	2.1. Petrographic evaluation
	2.2. Open porosity
	2.3. Hydric properties
	2.4. Salt Crystallisation Test

	3. Results
	3.1. Petrographic characterization
	3.2. Petrophysic characterization

	4. Discussion
	5. Conclusions

	Assesment of a Non-Destructive and Portable Mini Permeameter Based on a Pulse Decay Flow Applied to Historical Surfaces of Porous Materials
	1. Introduction
	2. Materials and methods
	2.1. Studied sandstones
	2.1.1. Mineralogy and porosity

	2.2. Measurement of the permeability
	2.2.1. Background
	2.2.2. The geometrical factor

	2.3. The use of TinyPerm II coupled with the Cydar™ software
	2.4. Methodology and selection of relevant tests
	2.4.1. Evaluation of the investigated volume
	2.4.2. Sensitivity to a consolidation treatment
	2.4.3. Point out a conservation state


	3. Results and discussion
	3.1. Mineralogical and microstructural properties
	3.2. In-depth investigated volume
	3.3. Pore blocking characterization
	3.4. Efficient tool for the diagnose of alteration state

	4. Conclusions

	Monitoring of Salts Content in Monuments of Toruń Old Town Complex
	1. Introduction
	2. Experimental
	2.1. Sample preparation
	2.2. Salt extraction
	2.3. Conductometric analysis
	2.4. CZE analysis
	2.5. ITP analysis

	3. Results and discussion
	4. Conclusions

	Comparability of Non-Destructive Moisture Measurement Techniques on Masonry During Simulated Wetting
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Experimental protocol
	2.3. Instrumentation

	3. Results and discussion
	3.1. Data transformations
	3.2. Depth-resolved damp meter modelling
	3.3. Multi-instrument utility

	4. Conclusions

	Water Absorption and Pore-Size Ditribution of Silica Acid Ester Consolidated Porous Limestone
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Conclusions

	Conservation Status and Behaviour Monitoring System of Gongsanseong Fortress Wall  in Gongju, Korea
	1. Introduction
	2. Conservation status and monitoring system
	2.1. Conservation status
	2.2. Monitoring system

	3. Results and discussions
	3.1. Annual characteristics
	3.2. Seasonal and monthly characteristics
	3.3. Environmental characteristics

	4. Conclusion

	Ground Penetrating Radar and the Detection of Structural Anomalies of High Historical Value: A Case Study of a Burgher House in Toruń, Poland
	1. Introduction
	2. GPR Survey Methodology
	3. Results and Discussion
	4. Conclusions

	Strategies for the Conservation of Built Heritage Based on the Analysis of Rare Events
	1. Context and objectives
	2. Lausanne Cathedral
	2.1. Swelling damage

	3. Analysis of rare events and Dragon-King theory
	4. On-site monitoring
	4.1. Temperature and relative humidity
	4.2. Wind-driven rain (WDR) and wind speed
	4.3. Water distribution in the stone

	5. Laboratory testing
	6. Ongoing work and outlook

	Direct Measurement of Salt Crystallisation Pressure at the Pore Scale
	1. Introduction
	2. Experimental
	3. Results and discussion
	4. Conclusion

	Drilling Resistance Measurement in Masonry Buildings: A Statistical Approach to Characterise Non-homogeneous Materials
	1. Introduction
	2. DRMS Cordless Device
	3. Statistical processing of data
	3.1. Data acquisition and filtering
	3.2. Elimination of initial penetration data
	3.3. Calculation of statistical parameters
	3.4. Box plots. Identification of Outliers.
	3.5. Histograms

	4. Drilling test results

	In situ Assessment of the Stone Conservation State by its Water Absorbing Behaviour: A Hands-On Methodology
	1. Introduction
	2. Materials and methods
	2.1. Lithotype: Lede stone
	2.2. Test methodology
	2.2.1. Registration of measuring points and environmental conditions
	2.2.2. Measuring techniques


	3. Results and discussion of the test methodology
	4. Conclusions

	Surface hardness Testing for the Evaluation of Consolidation of Porous Stones
	1. Introduction
	2. Testing material and case studies
	2.1. Stone material
	2.1.1. Pierre the Lèzennes Chalkstone
	2.1.2. Gris de los Remedios Tuff
	2.1.3. Chiluca Tuff

	2.2. Case Studies
	2.2.1. Tombs of Schneider and Pickardt


	3. Methods
	3.1. Porosity
	3.2. Compressive strength
	3.3. Surface hardness
	3.4. Ultrasonic velocity

	4. Results
	4.1. Laboratory studies
	4.1.1. Uniaxial compressive strength and porosity
	4.1.2. Surface hardness
	4.1.3. Ultrasonic velocity

	4.2. Case Studies

	5. Discussion and conclusions


	Other Materials
	Long-term Monitoring of Decay Evolution in Bricks and Lime Mortar Affected by Salt Crystallisation
	1. Introduction and aims of the work
	2. Brick and mortar materials and their long-term weathering
	3. Calculation of water absorption rates
	4. Ultrasound measurements
	5. Thin section analysis
	6. Discussion of results
	7. Conclusions

	Assessment of the Physical Behaviour of Historic Bricks and their Mechanical Characteristics via Absorption and Ultrasound Tests
	1. Introduction and aim of the work
	2. Brief description of the sampled brick units
	3. Physical characterization
	4. Non-destructive testing for mechanical characterization
	5. Conclusions

	Acrylic-based Mortar for Stone Repair: A Viscoelastic Analysis of the Thermal Stresses
	1. Introduction
	2. Mechanical analysis of the repair
	3. Materials and methods
	3.1. Thermal expansion
	3.2. Tensile strength
	3.3. Stress relaxation

	4. Results
	4.1. Thermal expansion
	4.2. Tensile strength
	4.3. Stress relaxation

	5. Calculation of the thermal stresses
	5.1. Heating situation
	5.2. Cooling situation: case of Amarillo, USA, Dec. 12th 1919

	6. Conclusion

	Characterization and Test Treatments of Cast-Stone Medallions at the Smithsonian
	1. Introduction
	2. Characterization of the cast stone
	2.1. Description
	2.2. Deterioration

	3. Testing
	4. Conclusion

	Composition of Stone Plasters and Pigmented Plasters Applied in the 1920s and 1930s in Berlin, Germany
	1. Introduction
	2. Samples and analytical methods
	2.1. Samples
	2.2. Analytical methods

	3. Results and discussion
	4. Conclusion

	Recovering the Architectural Heritage of the Nueva Tabarca Island (Spain) by Studying the Durability of Original and Repair Mortars
	1. Introduction
	2. Methodology
	2.1. Textural and mineralogical characterisation
	2.2. Pore system characterisation
	2.3. Mechanical characterisation

	3. Results and discussion
	4. Conclusions

	Stone-mortar Interaction of Similar Weathered Stone Repair Mortars Used in Historic Buildings
	1. Introduction
	2. Materials and methods
	2.1. Methodology of the project
	2.2. Materials

	3. Results and discussion
	3.1. Physico-chemical characterization of stone and mortars
	3.2. Mortar’s durability
	3.2.1. “In situ” measurements
	3.2.2. Laboratory ageing tests


	4. Conclusions

	Restoration of Weathered Load Bearing Masonry with Optimised Gypsum based mortars
	1. Introduction
	2. Water resistant gypsum mortar
	2.1. Composition
	2.2. Inherent passivation of mortar surface - results

	3. Application
	3.1. History of restauration of St. Urbani Church, Munster
	3.2. Mortar composition

	4. Summary

	Acquisition and Analysis of Petrophysical Properties of the Rock of the Masonry of the Cathedral of Aguascalientes, Mexico
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Mercury intrusion test
	3.2. Capillary water absortion
	3.3. Salt crystallisation test
	3.4. Hydrostatic weighing test

	4. Discussion
	5. Conclusions

	The Assessment and Treatment of Two Cast Stone Fountains from the 1920’s in Palm Beach, Florida, USA: Technical and Theoretical Issues in the Preservation of Aged Cast Stone
	1. Introduction
	2. Fountain Conditions
	2.1. The Breakers Hotel Main Fountain
	2.1.1. History & Conditions
	2.1.2. Cast Stone Analysis

	2.2. Town Hall Square (Mizner Fountain)
	2.2.1. History & Conditions
	2.2.2. Cast Stone Analysis


	3. Treatments
	3.1. Oversight & Approvals
	3.2. Restorations
	3.2.1. Breakers Main Fountain Re-Creation
	3.2.2. Town Hall Fountain Restoration


	4. Conclusion

	Dating the Pre-Romanesque Church of San Miguel de Lillo, Spain: New Methods for Historic Buildings
	1. Introduction
	1.1. Mortar radiocarbon dating methods
	1.2. Goals

	2. Methods
	2.1. Site
	2.2. Sampling
	2.3. Relative dating: petrophysical characterisation of mortars
	2.4. Absolute dating: new protocol for sampling preparation and analysis
	2.5. Absolute dating: additional analysis of charcoal fragments

	3. Results and discussion
	3.1. Relative dating
	3.2.  Absolute dating

	4. Concluding remarks

	Swelling Inhibition of Clay-Bearing Building Materials used in Architectural Monuments
	1. Introduction
	2. Pathology of the material
	3. Characterisation of the material
	3.1. Macroscopic and microscopic observations
	3.2. Mineralogical and chemical analysis

	4. Experimental
	4.1. Experimental methodology
	4.2. Consolidation materials and treatments

	5. Results
	5.1. Porosity
	5.2. Capillary rise
	5.3. Water absorption
	5.4. Mechanical properties
	5.5. Resistance to the action of water

	6. Evaluation of treatments
	7. Conclusions

	Long-term Mechanical Changes of Repair Mortar Used in Restoration of Porous Limestone Heritage
	1. Introduction
	2. Research
	2.1. Materials and Methods

	3. Results and discussion
	4. Conclusions

	Proprietary Mortars for Masonry Repair: Developing a Predictive Framework for Assessing Compatibility
	1. Introduction
	2. Methodology
	2.1. Selection of stone for testing
	2.2. Testing procedures
	2.2.1. Water absorption testing
	2.2.2. Vapour Permeability Testing


	3. Preliminary results

	Study of Efficiency and Compatibility on Successive Applications of Treatments for Islamic Gypsum and Plaster from the Alhambra
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Experimental techniques

	3. Results and discussion
	3.1. Degree of compactness
	3.2. Colour
	3.3. Hydric properties
	3.4. Weathering tests. Visual indicators
	3.5. SEM

	4. Conclusions

	Comparative Studies on Masonry Bricks and Bedding Mortars of the Fortress Masonry of The Teutonic Order State in Prussia: Malbork, Toruń, and Radzyń Chełmiński Castles
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Methods

	3. Results and discussion
	3.1. Masonry bricks
	3.1.1. Research on constitution
	3.1.2. Research on the capillary properties of chosen bricks

	3.2. Bedding mortars

	4. Conclusions

	Organic Additives in Mortars: An Historical Tradition through a Critical Analysis of Recent Literature
	1. Introduction
	2. Analysis of characterisation study on historical mortar samples
	3. Analysis of mechanism study on laboratory-made mortar specimens
	4. Discussions
	5. Future work


	Abstracts
	Impact of Heat Exposure (Fire Damage) on the Properties of Sandstone
	Sandstone Weathering: New Approaches to Assess Building Stone Decay
	Pore-scale Freeze-Thaw Experiments with Environmental Micro-CT
	Conservation Study of Stone Masonries Using IRT: Discover Hidden Information by Thermal Properties
	Active IRT and Theoretical Simulation Inputs for the Voids Determination in Building Material
	Evaluation of Harmfulness of Traditional Cleaning Techniques of Stone with 3D Optical Microscopy Profilometry
	Multifunctional Polymers for the Restoration of the Deteriorated Mineral Gypsum (Selenite) of the Minoan Palatial Monuments of Knossos
	Consolidant Efficiency of Newly Developed Consolidant Based on the Soluble Calcium Compounds

	List of Authors
	List of Keywords



