
   
      
         
            
               [image: ]

            

         

      
   


   
      
         
            1[image: ]

         

      
   


   
      
         
            2[image: ]

         

      
   


   
      
         
            3[image: ]

         

      
   


   
      
         
            4[image: ]

         

      
   


   
      
         5
            FOREWORD

         

         Anyone who works at the German Parliament, whether they are an elected representative or a member of the administration staff, comes into contact every day with one of the most striking stone witnesses to German history: the Reichstag Building.

         What takes place within the building itself is already worth a look – this is after all where policy is conceived and implemented for a population of 83 million. It is rare, however, for a European parliamentary building to reflect the destiny and fate of the nation it was designed to serve in a more vivid, dramatic and unsparing way than the Reichstag Building in Berlin does.

         The Hohenzollern had no love for the building, shortly after the Nazis seized power it was set ablaze, and when the Red Army ultimately seized it on 1 May 1945 after many days of battle, it was left in ruins. Soviet soldiers left victors’ graffiti on the walls of the building and while these inscriptions were initially covered up during the years of division in Germany, when the building was restored following the fall of the Wall, they were made visible once more.

         All of this is history set in stone.

         The city of Berlin is awash with these stone witnesses to history: the Olympic Stadium, the main building of the Messe, the Brandenburg Gate, the New Guardhouse, the newly constructed Berlin City Palace, the towers at Frankfurter Tor – to name but a few. Successful and less successful attempts at restoration can be found everywhere, in the east of the city as much as in the west. They all reflect a piece of urban history, a piece of German history. They are object lessons and stone-hewn witnesses to success and failure, to acts of heroism and barbarity. It is the responsibility of the state to preserve such buildings in order to make the history of Germany tangible for future generations too.

         And that is why it is a particular honour for me to welcome you to a congress such as “Monument Future, Decay and Conservation of Stone”, a meeting of academics, conservators, architects and engineers, here in Göttingen.

         Researching the implications of climate change alone on the condition and life expectancy of all buildings, whether they are privately owned or public property, is a task for generations. Even a layperson can recognise that environmental influences increasingly affect not just the patina of the stone. Many things that would have survived for a long time to come if the air were clearer are already crumbling.

         There is no doubt that new methods of digitalisation enable a much more exact means of monitoring changes in stone structures. It is fascinating to observe how interdisciplinary paths and solutions develop during a congress such as this, viewing the stone of a building almost as an object undergoing transformation, the changes to which we can influence.

         6Your work is historic preservation in the best sense of the term. Too much has been destroyed in this country, even in the aftermath of war in numerous cases and without necessity, many say without any sense of reason and understanding. That is why we need to preserve what remains for us. Your congress makes an important contribution towards achieving this.

         For those who are dedicated to preserving these stone witnesses to history are dedicated to the future of those who have learned from history and who wish to continue to learn from it.

          

          

         Thomas Oppermann

Vice-President of the German Bundestag
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         Photographs of crumbling stone figures – along with impressive photos of the demolition of historical buildings – became symbols of environmental pollution and the increasing loss of built cultural heritage in the late 1960s and early 1970s.

         The ever increasing criticism and concern about the loss of built cultural heritage in Europe led to a rise in civic and state engagement. The “Stone” congresses, the first of which took place in 1972, were part of the international heritage movement and continue to be so today.

         Two years later, in 1974, the founding of the Deutsches Nationalkomitee für Denkmalschutz (DNK, German National Committee for Monument Protection) in the Federal Republic of Germany was an important step towards the acceptance of monument protection as a social and national objective.

         First the DNK prepared the German activities for the European Cultural Heritage Year 1975. In the following years the DNK gave a lot of impetus into society, but acted itself as a seismograph for conservation and restoration issues, too.

         Since then, the DNK has assumed responsibility for bundling the expertise of science, craft, preservation and conservation expertise. In 1984, for example, a trip with journalists was devoted to the topic of stone deterioration.

         Today, half a century after these years of departure, many of the demands of that time have been met. The cooperation between basic research and owners, preservation authorities, architects and engineers, craftsmen and restorers is particularly pronounced in the field of natural and artificial stone.

         Nevertheless there are new challenges to be overcome: the climate change with droughts, high temperatures, heavy rain and storms is affecting stone, plaster and mortar. Emissions from industry and car traffic will decrease, but will not disappear. Thus, we cannot rest on our laurels.

         The “Stone” congress is a long-standing and important platform for bundling and disseminating new findings on stone conservation topics.

         I admire the level of expertise and commitment with which scientists and practical users continuously share their results.

         The “Stone” congress is a prime example of the transfer of knowledge between basic research and practical application on built heritage and back.

         I also wish “Stone 2020” to continue this remarkable tradition. May the shared insights benefit our heritage in Europe and the world!

          

          

         Dr. Gunnar Schellenberger

State Secretary for Culture and President of the German National Committee for Monument Protection
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         Our built cultural heritage is a great source of inspiration. It provides us with a sense of belonging and identity in a complex world. And much of this heritage – from buildings to monuments and sculptures – is made of stone. Therefore, it is key for preserving our cultural heritage for future generations to better understand, manage and mitigate the deterioration processes that affect stone-based structures and thus rob us of our past.

         Preserving stone requires a deep understanding of the various environmental factors that affect the material and innovative approaches to counter the decay they cause. This is why the German Federal Environmental Foundation (Deutsche Bundesstiftung Umwelt DBU) has been a funding partner for research in this field for many years. With our funding programme “Environment and Cultural Heritage” we are supporting pioneering projects at the intersection of environmental science and cultural heritage protection. Since the foundation began its work in 1990, we have provided funding for nearly 830 cultural heritage projects. Special emphasis is placed on problems caused by anthropogenic environmental factors such as sulfur dioxide, nitrogen, or climatic changes.

         The contributions in this anthology present an inspiring overview of cutting-edge endeavours in the field of stone conservation. Every four years, the International Council on Monuments and Sights (ICOMOS) brings together experts from a variety of disciplines, ranging from conservators and restoration specialists to engineers and geoscientist to engage in discussion. The topics of exchange cover all relevant aspects from novel modelling and simulation techniques, to better understand environmental impacts on different stones, to original approaches in damage assessment and mitigation. Best-practice examples offer valuable insights into state-of-the-art conservation and restoration procedures and techniques.

         Among the participants are several experts working in DBU-funded projects. It fills us with pride to be able to contribute to this important field of research and witness how our support furthers the discussion and understanding of stone conservation and decay.

         The DBU thanks the Georg August University Göttingen (Geoscientific Center) and the University of Kassel (Department of Civil and Environmental Engineering) as well as the International Scientific Committee for Stone (ISCS) of ICOMOS for compiling these proceedings.

         And we would like to express our gratitude towards all participating experts and researchers for their contribution to the preservation of our collective cultural heritage.

          

          

         Sincerely yours,
Alexander Bonde

Secretary General, German Federal Environmental Foundation (DBU)
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            PREFACE

         

         “Monuments Future: Decay and Conservation of Stone”

14th International Congress on the Deterioration and Conservation of Stone

          

         Siegfried Siegesmund1 and Bernhard Middendorf2

         
            1 Geoscience Centre of the University Goettingen, Goldschmidtstr. 3, 37077 Goettingen, Germany

            2 University of Kassel, Department of Structural Materials and Construction Chemistry, Moenchebergstr. 7, 34125 Kassel, Germany

         

          

         Cultural heritage creates identity and promotes a sense of community even in times of globalisation. At the very latest, the devastating fire at Notre-Dame de Paris shows that a loss of cultural hertitage of this importants is painfully affecting society.

          

         For more than hundred years, statutory monument protection in Germany has been an important part of our cultural self-image and public awareness. Fortunately, since then the protection of historical monuments has enjoyed increasing acceptance among the population. With the recognition of the cultural significance, there has been a change in the appreciation of architectural monuments as cultural monuments. Efforts are now increasingly focused not on the destruction or removal, but on the preservation of our cultural heritage. Events on the occasion of the annual “Open Monument Day” are evidence of this gratifying trend.

          

         Natural stone was the world’s most durable and valuable building material of past millennia. This is why most of our preserved historical monuments are made of natural stone. The diversity of natural stone deposits worldwide has a decisive and unmistakable influence on the regional cultural landscapes. Environmental influences such as natural weathering and the impact of anthropogenic environmental pollutants unfortunately led to growing and serious damage to many monuments. Since the 1970s, the public has become increasingly aware of this environmentally-induced loss of cultural assets. Ever since buildings were and are constructed of natural stone, problems of stone decay have been known. The signs are alarming.

          

         The international scientific “Committee for Stone (ISCS)” of ICOMOS organizes every four years the International Congress on the Deterioration and Conservation of Stone. After congresses in La Rochelle, Athens, Venice, Louisville, Lausanne, Torun, Lisbon, Berlin, Venice, Stockholm, Torun, New York and Paisley, the 14th Interntional Congress was planned to take place from 7th to 12th 2020 at the Universities of Göttingen and Kassel in Germany. The conference is considered the most important forum for the entire field of stone conservation and stone decay and is recognized trend-setter for innovative developments and methods. The worldwide available knowledge about stone decay and stone conservation is summarized in the proceedings presented here and reflects the current state of the art.

          

         In recent years, many individual results have been achieved worldwide in the field of natural stone conservation which, despite increasing digitisation, 12have not been published and are therefore not publicly accessible. In the meantime, however, a new level which requires a summary of the knowledge achieved in order to be able to specialist knowledge on a broad basis in the practice of monument conservation and building maintenance can be transferred. This was also the aim and the topic of the multi-day symposium and was subtitled Monuments Future: Decay and Conservation of Stone.

          

         The conference is aimed at monument conservators, restorers, architects, engineers and natural scientists and will be divided into several thematically different blocks. This conference is the main gathering for the dissemination of knowledge in the field of stone deterioration issues. It represents and captures the state-of-the-art in the field of stone conservation and cultural heritage conservation with regards to the following topics:

          

         — Characterisation of damage phenomena of stone and related building materials (plaster, rendering, mortar etc.)

         — Methods for the investigation of stone decay; in-situ and non-destructive testing

         — Long-term monitoring of stone monuments and buildings

         — Simulation and modelling of decay

         — Technology and development of improved treatments and use of stone in new buildings

         — Assessment of long-term effects of treatments

         — Impact of climate change on stone decay of Cultural Heritage

         — Reports about stone conservation: case studies and projects

         — Digitalization and documentation in stone conservation

         — Open Topics

          

         It is a great pleasure for the Executive Committee to gratefully acknowledge the members of the Permanent Scientific Committee and the Local Scientific Committee for their reviews of each contribution followed by revision by the authors. The contents and accuracy of the papers are the responsibility of the authors!

         ​Permanent Scientific Committee

         — Miloš Drdácký (President, Czech Republic)

         — Ann Bourges (France)

         — Susanna Bracci (Italy)

         — Philippe Bromblet (France)

         — Hilde De Clercq (Belgium)

         — Katerina Delegou (Greece)

         — Julie Desarnaud (Belgium)

         — Robert J. Flatt (Switzerland)

         — Christoph Franzen (Germany)

         — John Hughes (UK)

         — Takeshi Ishizaki (Japan)

         — Heiner Siedel (Germany)

         — Ákos Török (Hungary)

         — Johannes Weber (Austria)

         ​Local Scientific Committee

         — Prof. Dr. Siegfried Siegesmund (University of Göttingen, Germany) – Executive Committee

         — Prof. Dr. Bernhard Middendorf (University of Kassel, Germany) – Executive Committee

         — Dr. Michael Auras (Institute for Stone Conservation (IFS), Mainz, Germany)

         — Prof. Dr. Paul Bellendorf (University of Bamberg, Germany)

         — Dr. Angela Ehling (Federal Institute for Geosciences and Natural Resource, BGR, Berlin)

         — M. A.; M. Sc. Constanze Fuhrmann (The German Federal Environmental Foundation (DBU), Osnabrück, Germany)

         — Dr. Luigi Germinario (University of Saitama, Japan)

         — Prof. Dr. Gabriele Grassegger (Bau-Consult – Consulting and Development, Winnenden, Germany)

         — PD Dr. Michael Hoppert (University of Göttingen, Germany)

         — Prof. Dr. Roman Koch (University of Erlangen, Germany)

         — PhD Rubén López-Doncel (Universidad Autónoma de San Luis Potosi, Mexico)

         — M. A. Johanna Menningen (University of Göttingen, Germany)

         — M. Sc. Christopher Pötzl (University of Göttingen, Germany)

         13— Dr. Enrico Sassoni (University of Bologna, Italy)

         — M. Sc. Tim Schade (University of Kassel, Germany)

         — Prof. Dr. Erwin Stadlbauer (Lower saxony state office for the preservation of historical monuments, Hannover, Germany))

         — Prof. Dr. Rolf Snethlage (Natural stone, building physics and building chemistry in monument conservation, Bamberg, Germany)

         — Dr. Robert Sobott (Laboratory for the preservation of historic buildings and monuments Naumburg, Germany)

         — PhD Luís Sousa (University of Trás-os-Montes e Alto Douro Vila Real, Portugal)

         — Prof. Dr. Michael Steiger (University of Hamburg, Germany)

         — Dr. Wanja Wedekind (University of Göttingen, Germany)

         — Dr. Eberhard Wendler (Specialist laboratory, Munich, Germany)

         — Dr. Alexander Wetzel (University of Kassel)

          

         The organizing committee also wish to thank all authors for their efforts in preparing the abstracts and contributions, as well as for their collaboration which was the key to the success of these proccedings.

          

         Furthermore we like to thank the German Federal Environmental Foundation (Deutsche Bundesstiftung Umwelt – DBU, AZ- 34720/01), the German German Science Foundation (Deutsche Forschungsgemeinschaft – DFG, AZ-Si 438/53-1) and our commercial sponsors KÄRCHER, REMMERS, TUBAG, FOCUS GmbH, IBZ – Salzchemie GmbH & Co. KG for their support. We also thank the publisher Mitteldeutscher Verlag (MDV) for the compilation of the proceedings.

          

         The editors would like to express their sincere thanks to these persons who, through their tireless efforts, have significantly supported the creation of the proceedings: Tim Schade, Johanna Menningen, Christopher Pötzl, Christian J. Gross, Marie-France Hesse, Alexandra Jung14
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         Summary 

         Expert reports form the basis for the decision-making concerning conservation measures on marble and sandstone sculptures. However, in the dialogue between the experts, quantitative results in the expert reports are transformed into lingual assessments using subjective expressions such as “weakly/strongly affected” or “little/highly endangered”. In this way, primarily objective measurement values obtain a subjectively tinged interpretation.

         Against this background it is the goal of the Risk Number concept to replace a subjective assessment with a preferably objective and quantitative evaluation. The Risk Number is defined as the product of a Measurement Number M(i) and a Valuation Number B(i):

         R(i) = M(i) * B(i)

         The Measurement Number M(i) constitutes a measured parameter (i) in the form of a dimensionless value. It is calculated by scaling the actual measurement values to the original condition of the object.

         The Valuation Number B(i) indicates the effect of the relevant parameter (i) regarding weathering grade and risk of damage.

         For the calculation of the Overall Risk Number R(total) of a sculpture, 104 different parameters are evaluated, which are assigned to 10 Excel data sheets representing the following categories:

         	Object Description

            	Art Historical Evaluation

            	Restoration History

            	Environment / Exogenous Risk Factors

            	Natural Stone / Endogenous Risk Factors; calculated separately for marble and sandstone

            	Damage Caused by Human Beings / Vandalism

            	Mechanical Damage / Loss of Material

            	Surface Alteration

            	Ultrasonic Diagnosis

            	Evaluation of Overall Risk Number

         
For each of these parameters and for each data sheet a separate Risk Number R(i) is calculated. These are summarized to the Overall Risk Number R(total), which expresses the risk the object under consideration is exposed to. The design of the calculation method causes the Risk Number to be a number between zero and one.

         Due to a purely mathematical implementation of the measured values, the Risk Number represents an objective and quantitative assessment of the state of damage condition and risk damage.

         So far, the application of a Risk Number is intended for marble and sandstone sculptures. An overall 36Risk Number R(total) has been calculated for altogether 8 sculptures and 4 tombstones.

         The sculptures include: Apollo, Vestal Verging (both Carrara marble, Neue Kammern, Sanssouci Palace garden, Potsdam), the Flora Aeolus (both Laas marble, Garden of Nymphenburg Palace, Munich), Hera (original), Hera (copy), Rhea (original), and Rhea (copy) (all Cotta sandstone, Baroque Garden, Großsedlitz near Dresden).

         The Tombstones from Jewish Cemeteries are: Baiersdorf/Erlangen: Bernhard Ehrenbacher, Siegmund Sulzberger, Loew Ganz (all Schilfsandsteine), No. 1091, Double tomb (red Buntsandstein)

         The Total Risk Numbers R(total) calculated for these objects vary from 0.36 (tombstone No. 1091 to 0.64 (sandstone sculptures Hera and Rhea).

         Introduction Risk Number: Information Content 

         The decision for conservation measures on marble or sandstone sculptures is usually made after a dialogue between the owner, heritage conservators, restorers and external experts weighing arguments and determining procedures. In oral and written presentations, the involved parties use expressions about the state of conservation and expected damage progress such as the sculpture is “very/at the highest” at risk, the marble weathered to a “low/medium/highest” degree, the surface of the sculpture is “little/hardly/strongly” affected threatening a loss of “significant/irreplaceable” artistic details. Although these evaluations derive from exact observations and measurements, they are nevertheless highly influenced by the individual and subjective estimation of the rapporteurs. As a result, decisions taken are difficult to retrace later on.

         Considering this precondition, the Risk Number concept aims at developing a calculation method on a metrological and objective basis to record the condition and degree of endangerment for an outdoor sculpture. All observations and measured values recorded on an object and its environment are contained in one single figure, the Risk Number.

         The concept of assessing the damage risk of historical objects is not completely new. Similar approaches regarding risk evaluation were reported by WAENTIG 2014; DELGADO RODRIGUES & GROSSI 2004; 2007; REVEZ 2010. These authors, however, did not scale the calculated risk to the limits Zero and One because the calculated risk is not easy to rate.

         Defining and calculating the Risk Number R(i) and the Valuation Number B(i) 

         Per definition the Risk Number R(i) is the product of a Measurement Figure M(i) and an Valuation Number B(i):

         R(I) = M(i) * B(i)

         This definition derives from the general risk definition as it is used in the insurance industries.

         The Measurement Figure M(i) constitutes a measured parameter (i) in the form of a dimensionless value. Two different methods of recording the individual Measurement Figure M(i) are used:

         — Metrological definable parameters: They are defined by the alteration from the initial zero state to the actual state.

         — Numerically recorded parameters: These parameters do not describe the deviation from an initial state. They are available as measured values, which, however, have to be classified according to agreed upon criteria. One example is the quantity of precipitation, where the measured values obtained from environmental stations are scaled to numbers between zero and one according to the rain intensity.

         According to the calculation method M(i), it will always be a number between zero and one.

         The Valuation Number B(i) indicates how much the respective parameter affects the weathering process. It is limited to values between 0 and 10, which are attributed by the user. For example, a parameter with a great impact on the weathering process is rated 10, another with less impact maybe only 5. In the calculation process, these Value Numbers B(i) are fixed and must not be changed 37because otherwise no comparison would be possible between different investigations.

         Several exogenous (climate, exposition) and endogenous (stone properties) parameters influence the integrity of stone figures in the outdoor climate. For calculating their Risk Number R(i) it is necessary to measure these parameters quantitatively. Altogether we use 104 different parameters, which are allocated to 10 Excel data sheets according to their meaning. The 11th data sheet serves for the calculation of the Overall Risk Number R(total), which comprises the individual Risk Numbers R(i) of the other data sheets.

         	Object Description

            	Art historical Evaluation B(AE)

            	Restoration History R(RH)

            	Environment / Exogenous Risk Factors R(E)

            	Natural Stone / Endogenous Risk Factors R(N-M) for Marble

            	Natural Stone / Endogenous Risk Factors R(N-S) for Sandstone

            	Damage Caused by Human Beings / Vandalism R(V)

            	Mechanical Damage / Loss of Material R(M)

            	Surface Alteration R(SF)

            	Ultrasonic Diagnosis R(US)

            	Overall Risk Number R(total)

         
Function of Data Sheets 

         Content and purpose of the data sheets and the calculation of the Risk Number will be explained using the sculpture of Hera (original) in the Baroque garden, Großsedlitz near Dresden. Bullet impacts during World War II caused severe damages to the figure.

         Because of limitations of space, only one data sheet can be shown. The endogenous natural stone properties decisively determine the course of weathering due to mineral content, structure, and thermal as well as hygric expansion. The data sheet shown refers to the sandstone sculpture Hera/Juno in the Baroque Garden of Großsedlitz near Dresden. It can be seen how the different parameters are evaluated and in which way the Risk Number R(i) of the whole sheet is calculated.

         On the last data sheet “Overall Valuation” the Partial Risk Numbers are combined to assess the Overall Risk Number R(total). For this purpose, the Partial Risk Numbers R(i) of all data sheets except Nr. 1 (Object Description) and Nr. 2 (Art Historical Evaluation) are summed up and a mean value is formed:

         R(total) = [R(RH) + R(E) + R(N) + R(V) + R(M) + R(SF) + R(US)] / 7 = < 1

         
            [image: ]Figure 1: Data Sheet for endogenous stone properties. Example Hera in the Baroque Garden of Großsedlitz.

            

         

         38Due to the mean value formation the Overall Risk Number R(total) is also a number between 0 and 1. Zero stands for no risk and one for a very high risk. This scaling gives an immediate indication of the degree of a risk for the sculpture under consideration. Again, it has to be emphasized that the Overall Risk Number R(i) is formed with objective and quantitative measurement values and is therefore free of any subjective evaluation. It is ideal for decision-making, especially for determining a ranking within a group of sculptures. Furthermore, in combination with the Overall Risk Number R(total) the Risk Numbers R(i) of the data sheets can indicate the areas of a sculpture at particular risk.

         Risk number: Evaluation and Comparisons 

         For testing the concept of the Risk Number R(i), 12 objects have been selected, four statues of marble, four of sandstone and four sandstone tombstones from the Jewish Cemetery in Baiersdorf/Erlangen (see Figure 2).

         
            [image: ]Figure 2: The objects chosen for testing the Risk Number.

            

         

         The Overall Risk Number R(total) in data sheet 11 of the Excel work sheet is automatically calculated. Although this data sheet lists both the arithmetic mean of the Risk Number and the quadratic mean, only the arithmetic is considered in the following because the overall statement remains the same even if the quadratic mean provides slightly different values.

         The individual Risk Number calculations of the 12 examined objects yielded surprising results in an initial, unbiased assessment, which, however, have proved to be very useful.

         The Overall Risk Numbers of the individual sculptures and tombstones are depicted in Figure 3.

         The object with the lowest Risk Number is tombstone No. 1901, the one with the highest is Vestalin. In addition, at the upper and lower ends of the scale the realistic maximum and minimum limits for marble and sandstone are presented. These limits indicate possible maximum and minimum overall Risk Numbers for these rock types. The range extents from 0.24 to 0.88 for marble and from 0.18 to 0.79 for sandstone. The reason for these limits lies in the fact that certain data sheets or parameters cannot reach a value like zero or one.

         For example, data sheet “Environment – Exogenous Risk Factors” could theoretically assume a value of 1 in the case of very extreme climate, but never a value of zero, because a “non-climate” does not exist. This also applies to data sheets “Natural Stone – Endogenous Risk Factors”. Even in a very favourable climate, thermal and hydric expansion and water absorption exert an influence on the weathering.

         
            [image: ]Figure 3: Overall Risk Numbers of the selected objects.

            

         

         39The calculation system for the Overall Risk Number permits model calculations for open air exposure or location in a store. Relevant for this are the data sheets “Environment – Exogenous Risk Factors”, “Vandalism” and certain rock properties such as thermal and hygric expansion. These parameters vary according to the location of the sculpture. Comparisons have shown that the risk reduces by 0.22 to 0.25 for marble objects and 0.18 to 0.22 for sandstone objects when moving them from outdoors to a depot.

         Whatever the value of an object’s Risk Number, the question arises as to how large the numerical change regarding the Overall Risk Number must be in order to be able to draw a valid conclusion as to a greater or lesser overall risk. As we could see, the values of some sculptures are very close to each other, for example Aeolus (R(total) = 0.60) and Flora (R(total) = 0.59). The question is whether 0.01 points is significant or not. Simple considerations demonstrate that even small differences are important. Because, for calculating the Overall Risk Number R(total) the sum of the individual Risk Numbers R(i) is divided by seven so that even a small difference of 0.01 can be significant in one of the data sheets.

         More straightforward, three types of endangerments can be defined: “little endangered” – “endangered” – highly endangered”. These categories range approximately from 0.2 to 0.4, 0.4 to 0.6 and 0.6 and 0.8. Figure 4 shows that the marble sculptures Vestalin, Flora and Äolus are highly endangered.

         Conclusion 

         This report has shown that the concept of the Risk Number accurately represents the degree of endangerment to outdoor sculptures. The difference often found between a visually subjective evaluation and the objectively calculated Risk Number initially led to the conclusion that the Risk Number would not accurately reflect the overall situation. The fact, however, that the Risk Numbers describe the conditions of environment and stone properties as they really are, means in consequence that the Risk Number values represent the risk of endangerment for the investigated sculptures objectively and realistically.

         
            [image: ]Figure 4: Simplified categories for marble: “little endangered” – “endangered” – highly endangered”.

            

         

         Model calculations also permit a prediction about the decrease of the risk for a sculpture when moving it from an outdoor exposure to a depot. In these cases, the risk decreases by about 20 %, which is a considerable reduction. However, the risk in a depot cannot be completely zero either, because the sculptures still underlie a climatic effect, albeit to a lesser extent. Also, some risk factors such as low ultrasound velocity remain, even if there will probably be no further deterioration in a depot.

         Overall results show that the Risk Number is an appropriate tool to all owners who wish to examine their sculpture stock and determine the risk of endangerment. Although the Risk Number does not give specific instructions about what measures are required, a high number indicates the main risks. It is therefore a useful tool in the discussion about necessary conservation measures.
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         Abstract 

         The use of stone in the italian architecture improved dramatically in the period 1920–40, mainly for cladding on concrete structures. New methods of exploitation and supply made available different kinds of stone, never or only locally used before. Features of the stones are detailed together with examples from Milan.

          

         Keywords: building stone, marble, 20th century architecture, Italy.

         Introduction 

         The use of marble and natural stone in Italian architecture strongly increased in the third decade of 20th century, after a period (1900-20) when the “artificial stone”, made of Portland cement moulded in hundred of different shapes, was omnipresent (Biondelli 2004a). Many factors were involved: new architectural trends; rein-forced concrete framing where the stone lost any structural function, large availability of stone materials throughout the Italian territory; new methods of quarry working; cut of thin slabs suitable for cladding; improvement of trucks, trains, roads and railways. Moreover the stone industry was boosted by the policy (called Autarchia) planned by the Fascist government to hinder the Sanctions of the League of Nations (november 1935); so, despite a very low import from foreign countries (i. e. blue syenite from Larvik, Norway), dozens of new quarries were opened and the ancient ones were expanded. Acting in accordance with this policy, the reintroduction of the structural use of stone, in order to reduce the import of fuel and iron, (Portland cement and reinforced concrete), was also advised, but never applied (Peverelli 1939).

         The return of the marbles on the building façades was really significant in Milan, the capital of the most important industrial area of Italy. A group of young architects was ahead of a very impressive urban change, juxtaposing huge scales or massive forms of Fascist public architecture and clean outlines or simple forms of residential buildings for the capitalist ruling class, according to the thesis of “Novecento” and “Razionalismo”.

         Catalogue of stones and marbles 

         Different italian marbles never exploited in the past or only locally exploited were used in architecture, among many others. The configuration and shape of building stones were chosen according to the texture of each stone: slabs of various thickness (cladding or flooring, blending the gradation 42of colours or the arrangement of veins), moulded elements (decoration), squared blocks (pillar, column), monolithic pieces (column). The finishing of the surfaces was almost always the polishing.

         Some significant stones of different nature, coming from different Italian regions (from Piedmont to Latium, from Friuli to Tuscany, from Lombardy to Liguria), are described in this study.

         IGNEOUS

         — Rosso Pantheon (red granite)

         — Sienite della Balma (violet syenite)

         — Diorite nera di Anzola (black amphibole gabbro)

         — Porfido monumentale (purple ignimbrite)

         SEDIMENTARY

         — Zandobbio (pink dolomite)

         — Ceppo di Grè/Ceppo Poltragno (conglomerate)

         — Pietra di Chiampo (pink limestone)

         — Pietra di Aurisina (grey limestone)

         — Pietra di Finale (pink to yellow limestone)

         — Rosso Amiata (red limestone)

         — Portasanta di Caldana (red limestone)

         — Travertino di Rapolano (light carbonate deposit)

         METAMORPHIC

         — Verde Alpi (green, white veined ophicalcite)

         — Rosso di Lèvanto (red or green ophicalcite)

         — Verde Roja (green clayey schist).

         MARBLE

         — Marmo di Valle Strona (grey, veined)

         — Marmo di Lasa (white, veined)

         — Fior di pesco carnico (grey, pink spots)

         — Calacatta, Cipollino (white or green, veined)

          

         Each stone is discussed in order to enhance: macroscopic and microscopic features together with decay phenomena caused by weathering agents (Biondelli 2004b); geological settings (Ispra 1976, Ispra 2012); quarry sites (Peverelli and Squarzina 1939, Pieri 1966); use and application in architecture, mainly in Milan, but also in other important cities (Grandi 1980, Gramigna 2001, Pierini 2017).

         Rosso Pantheon 

         Igneous rock (granite). Colour: dark red, scattered of light grey spots. Minerals: quartz, potash feldspar and plagioclase. Decay morphologies: scaling. Geology: “Serie del Canavese” (Permian-Triassic) including red and grey granites barren of micas. Quarry: few kilometres west of Valperga (Cuorgnè, Canavese, Torino province). Use: mainly polished slabs for façade cladding of residential and public buildings (Palazzo INA, portals and cladding in the porch, P. Portaluppi, 1936, Milan; Palazzo del Popolo d’Italia, balcony, G. Muzio 1938/42, Milan).

         Sienite della Balma 

         Igneous rock (syenite). Colour: violet with black spots. Minerals: potash feldspar (orthoclase), plagioclase, amphibole (hornblende), biotite, piroxene (augite), quartz. Decay morphologies: scaling. Geology: Valle Cervo pluton (late-alpine, Oligocene) of the “Sesia-Lanzo Zone” (meta-morphic rocks, mainly micaschists). Quarry: near the village of Balma (valle del Cervo, Biella province). Use: polished slabs for cladding of residential and public buildings (Palazzo delle Colonne, façade made of very thick slabs with point chiseled surface in a T-shaped building with a porch of ten couples of shafts of Granito di Santo Stefano (Sardinia), G. Muzio – G. Greppi 1940, Milan).

         Diorite nera di Anzola 

         The commercial name refers to a wrong petrographic classification: this is a igneous coarse grained rock (amphibole gabbro). Colour: black with some light grey spots. Minerals: plagioclase, hornblende. Decay morphologies: scaling. Geology: “Dioritico – kinzigitica” forma-tion of the “Ivrea-Verbano Zone”. Quarry: near the village of Anzola (val d’Ossola, Verbano province). Use: squared blocks and slabs (Banca Popolare, framework of openings, G. Greppi 1931, Milan); another use was for funerary purposes (Mausoleo Cadorna, M. Piacentini 1932, Pallanza; Cemeteries, Milan).

         A stone, of the same colour but unlike origin (migmatite, Gneiss Valcondria), was quarried in val Chiavenna (Sondrio) and used in buildings.

         Porfido monumentale 

         Igneous rock (rhyolitic ignimbrite). Colour: purple to dark red showing clear phenocrysts and some elliptic coarse-grained patches. Minerals: quartz and 43plagioclase. Decay morphologies: scaling. Geology: “Vulcaniti di Auccia” forma-tion (lower Permian). Quarry: near the pass of “Croce Domini” (Bienno, val Camonica – val Trompia, Brescia province). Use: thick slabs for cladding or slabs for flooring (Palazzo delle Colonne, polished thick slabs deeply carved by Giacomo Manzù to represent the “coats of arms” of the Lombard provinces).

         Pietra di Zandobbio 

         Carbonate rock (dolomite). Colour: light pink tending to whitish with fine cracks featuring a typical network. Mineral: dolomite. Decay morphologies: surface erosion with widening of the crack network; sulphate skin formation. Geology: “Dolomia di Zandobbio” formation (Hettangian - Rhaetian) of the sedimentary series of Southern Alps. Quarry: near the villages of Zandobbio (Bergamo proince). Use: firstly during the Renaissance period (i. e. Cappella Colleoni, 1472–76; Biblioteca Angelo Maj, early 17th century); later (20th century) greatly imple-mented (Palazzo Littorio, cladding made of slabs with sawed face, A. Bergonzo 1940, Bergamo) and it was also spread in Milan for residential and public building.

         Ceppo di Grè/Ceppo Poltragno 

         Clastic rock (diamictite with ocraceous matrix and calcite cement, clasts with angular corners). Colour: grey with some yellowish hues. Mineral: clasts of Dolomia principale (Haupt dolomit), size from 0.05 to 1.0 m. Decay morphologies: roughening on clasts and matrix, soot deposition on cavities, sulphate skins formation. Geology: “Complesso di Poltragno”, subdivided in two units (Unità di Poltragno and Unità di Gré), including slope deposits and alluvial deposits (lower and middle Pleistocene). Quarry: near Castro (Bergamo province), on the mountain rising above the north-western shore of lake Iseo. Use: slabs with sawed face for cladding of residential and public buildings (Casa dei Giornalisti, G. Muzio 1936, Milan; Palazzo Vittoria, E. Frisia 1935, Milan). Besides, this conglomerate is employed today (i. e. the façade cladding on the new building of Università Bocconi, Grafton architects 2008, Milan).

         Pietra di Chiampo 

         Organic carbonate rock (shell limestone, biomicrite – packstone) wiht different varieties according to the colour and the texture (Rosa, Perla, Mandorlato, Paglierino). Colour: white to yellow to pink ground scattered with small light spots (shells of Foraminifera). Mineral: calcite. Decay morphologies: surface erosion, sulphate skin formation. Geology: “Calcari nummulitici” formation (Eocene) of the sedimentary series of the Western Venetia. Quarry: few kilometres near Chiampo, a village of the same valley (Vicenza province); limestone in alternating with basalt. Use: slabs for cladding (Palazzo Popolo d’Italia) or for flooring and stairs (Intendenza di Finanza, Genio Civile 1935, Milan).

         Pietra di Aurisina 

         Organic carbonate rock (limestone, biosparite-wackestone) with different varieties according to the texture (Fiorito, Granitello). Colour: grey with evidence of shells of Bivalves (Rudistae). Mineral: calcite. Decay morphologies: surface erosion, sulphate skin formation. Geology: “Calcare di Aurisina” formation (upper Creta-ceous) of the Karst of Trieste. Quarry: near Aurisina (Nabrežina) in the north-western part of Karst (Trieste province). Use: early uses are documented in Roman architecture of north-eastern Italy and also in Milan (funerary stelae and blocks of urban walls); nevertheless the stone was used in the 20th century as blocks with point chiseled face (main body of Stazione Centrale, U. Stacchini 1912/31, Milan; former Banca Commerciale now Ragioneria Comunale, L. Beltrami 1913/23, Milan).

         Other sedimentary rocks coming from Karst, with similar origin (organic limestone) and composition, were employed in 20th century architecture for flooring and cladding: Gabria Tomadio, Lipos, Repen.

         Pietra di Finale 

         Organic carbonate rock (shell limestone; bio-sparite / packstone). Colour: pinkish to yellowish with some variegations with evidence of shells of Bivalves (Chlamys). Mineral: calcite. Decay morphologies: surface erosion; sulphate skin formation. Geology: “Calcare di Finale Ligure” formation (lower 44Miocene) of post-orogenetic deposits of the “Bacino del Finalese”. Quarry: near Orco-Feglino, few kilometres north of Finale Ligure (Savona). Use: thick point chiseled slabs mainly employed for cladding (Università L. Bocconi, G. Pagano 1941, Milan; Palazzo del Toro, E. Lancia 1939, Milan).

         Rosso Amiata 

         Nodular carbonate rock with ammonite shells (limestone, biomicrite). Colour: dark red with white veins and pink shades. Minerals: calcite, haematite. Decay morphologies: surface erosion, sulphate skin formation, chromatic alteration. Geology: “Calcare ammonitifero” formation (lower Lias) of the non-metamorphic series of Tuscany. Quarry: south of Roccalbegna (Grosseto province). Use: polished slabs mainly for flooring in residential and public buildings (Casa Wassermann, a four-storeys urban residence with an accurate choice of coloured stones for flooring, P. Portaluppi 1934, Milan).

         Portasanta di Caldana 

         Carbonate rock (pseudo-breccia, limestone). Colour: red to purple with white, purple or pink irregular spots and very thin grey or purple veins. Mineral: calcite. Decay morphologies: surface erosion, sulphate skin formation, chromatic alte-ration. Geology: “Calcare mas-siccio” formation (Hettangian, lower Lias) of the non-metamorphic series of Tuscany. Quarry: Caldana (south of Gavorrano, Grosseto province). Use: polished slabs mainly for flooring in residential buildings together with other coloured marbles, Casa Wassermann). A significant use is displayed on the great staircases of Milan’s Stazione Centrale (U. Stacchini 1912/31): the big shafts are made assembling moulded pieces of curvilinear shape and pieces of fluted shape.

         Travertino di Rapolano 

         Carbonate stone with spongy appearance. Colour: creamy-white or yellowish; Mineral: calcite. Decay morphologies: roughening, sulphate skin formation, soot deposits in the cavities. Geology: carbonate deposition from hot springs (Upper Pleistocene). Quarry: near Serre di Rapolano, east of Sienna (Tuscany). Use: the stone was taken in great consideration during the Thirties as blocks and thick slabs with sawed face for cladding (Main Atrium of the Stazione Centrale; Ca’ Brütta, lower part of façades, G. Muzio 1922; Palazzo della Borsa, colonnaded façade, P. Mezzanotte 1932, Milan). This stone is very similar to Travertino romano (Lapis Tiburtinus, coming from Tivoli-Guidonia, Rome), largely used in ancient Rome and by Baroque architects, later (since the third decade of 20th century) spread in the whole Italian territory.

         Verde Alpi 

         Metamorpihc rock (ophicalcite). Colour: dark green colour with several light green elements and a large grid of white calcitic veins. Minerals: serpentine, calcite and magnetite. Decay morphologies: roughening, chromatic alteration. Geology: “Unità Ofiolitiche dello Chenaillet” (Jurassic). Quarry: near Cesana Torinese in the valle di Susa, near the French border (Torino province). Use: mainly polished slabs for flooring (Casa Wassermann).

         Other ophicalcites (Verde Champ de Praz, Verde Issorie), with similar texture and composition and quarried in the eastern part of Valle d’Aosta (Chatillon), were also largely employed for flooring in the 20th century architecture.

         Rosso di Lèvanto 

         Metamorphic rock (ophicalcite). Colour: dark red ground with very irregular white calcitic veins (a variety shows a dark green ground instead of red). Minerals: serpentine, calcite. Decay morphologies: roughening, chromatic alteration. Geology: “Ofioliti liguri”, a group including serpentinite, serpentinized peridotite, gabbro euphotide, diabase and ophicalcite (Upper Jurassic – Lower Cretaceous). Quarry: spread along the coast of Eastern Liguria (Lévanto, Bonassola etc. La Spezia province). Use: mainly polished slabs for cladding, moulded elements were also employed as jambs and lintel in portals and doors (Palazzo di Giustizia, flooring).

         Verde Roja 

         Metamorphic rock (clayey schist, easily divisible into slabs). Colour: green with darker silicate veins. Minerals: quartz, mica, chlorite. 45Decay morphologies: scaling. Geology: “Scisti gneiss-sici” formation (Permian). Quarry: upper valley of the river Roja (Colle di Tenda) a former Italian territory assigned to France (dép. Alpes Maritimes) after the WWII. Use: mainly unpolished slabs for cladding or flooring (Casa Fiocchi, cladding, M. Fiocchi 1925 and Stazione Centrale, flooring together with other coloured stones, Milan).

         Marmo di Valle Strona 

         Regional metamorphic rock (marble, coarse grain-size). Colour: grey with darker veins. Minerals: calcite, muscovite. Decay morpho-logies: disaggregation, sulphate skin formation. Geology: lenses in the “Dioritico-kinzigitica” formation of the “Ivrea-Verbano Zone”, spread from Valle Strona (Piedmont) to Canton Ticino (Switzerland). Quarry: near the village of Sambughetto (valle Strona, Verbano province). Use: mainly polished slabs for cladding (Palazzo di Giustizia, façades totally coated with this marble). It is worth to note the use of this marble in Naples, very far from the quarry site: Palazzo delle Poste (cladding of the curved façade, G. Vaccaro 1936); Banco di Napoli (cladding of the main hall, M. Piacentini 1940).

         Marmo di Lasa 

         Regional metamorphic rock (marble, medium to fine grain-size). Colour: white with bands of various colours (grey to black due to graphite; green to chlorite; pink to zoisite); sometimes groups of little elongate black spots with shaded rims are present and an appropriate cut may produce a particular graphic effect (called Fantastico). Minerals: calcite; graphite, chlorite and zoisite. Decay morphologies: surface erosion, sulphate skin formation. Geology: Laas Unit (micaschist, banded paragneiss and marble) of Ortles-Campo Nappe, Austro-Alpine System (Pre-Permian metamorphic Basement). Quarry: above the village of Lasa-Laas (val Venosta-Vinschgau, Bolzano-Bozen province), the most important one (Weisswasser) was located at an altitude of 1,600 metres and the marble came down the hill using a incline railway. Use: mainly polished slabs for cladding; in some cases, the slabs are disposed in “open book style” (Casa Rustici, G. Terragni 1935, Milan; Torre Rasini, E. Lancia and G. Ponti 1934, Milan).

         Fior di pesco carnico 

         Low grade metamorphosed crystalline limestone (marble, fine grain-size). Colour: light grey ground sometimes with pinkish or purplish spots and coarse grained veins. Mineral: calcite, opaque. Decay morphologies: surface erosion, sulphate skin formation. Geology: limestone of organic origin (Devonian) of the “Paleozoico carnico”. Quarry: near Pierabec, north of Forni Avoltri (Udine province). Use: mainly polished slabs for cladding (Palazzo della Provincia, atrium, G. Muzio 1942, Milan). Other building stones, coming from the same area in the north-western corner of this province, were also used in the 20th century architecture (Rosso Porfirico, upper Jurassic of Verzegnis or Persichino, upper Devonian of Timau).

         Calacata and Cipollino 

         Regional metamorphic rock (calcite marble, very fine grain-size). Different varieties of marble are distinguished, mainly for colour and arrangement of the veins. Colour: white ground with gold-yellowish irregular veins (Calacata), green or white ground with undulating bands of light to dark green (Cipollino). Mineral: calcite. Decay morphologies: disaggregation, cracking, sulphate skin formation. Geology: “Autoctono toscano metamorfico” made of different epimetamorphic formations from Carboniferous to Paleogene; in particular these marbles are referred to “Cipollini” (lower Cretaceous – Oligocene). Quarry: different sites of Apuanian Alps according to the varieties. Calacata: Carrara district; Cipollino: Versilia – Lucca province, Cardoso and Arni districts.

         Use: mainly polished slabs for façade cladding (Cipollino: former Palazzo della Montecatini, G. Ponti and A. Fornaroli 1936, Milan) of for interior cladding and for flooring (Calacata: Casa Wassermann).

         Conclusion 

         The increase of the use of natural stones and marbles in the Thirties of 20th century, after two decades 46of “artificial stone”, was led by architects of the milanese school (Lancia, Muzio, Ponti, Portaluppi etc.). The use of natural stone was in agreement with the policy focused to improve the utilization of products of the Italian territory; this policy brought the opening of new quarries, but also brought the exploitation of ancient ones using up-to-date methods. The architects mainly paid attention to employ each stone for a specific purpose (cladding, floor, upright structural member, decoration etc.) according to its features (origin, mineralogy, texture, workability, resistance). The combined use of different stones in a single building was the obvious consequence of this option. In addition, the orientation of the cut of veined or brecciated blocks was accurately chosen in order to obtain slabs where the disposition of veins and colours was improved. Finally, in some cases, the stone elements were designed and manufactured to be exactly set only in one particular position of the whole building.
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