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Abstract

:

An urban residential building from the second half of the 19th century and the start of the 20th century, the so-called tenement house, is a significant representative of the architecture of the developing urban fabric in Central Europe. The vertical and horizontal load-bearing structures of these houses currently tend to show characteristic, repeated defects and failures. Their knowledge may, in many cases, facilitate and speed up the design of the historic building’s restoration without compromising its heritage value in this process. The article presents the summary of the most frequently occurring defects and failures of these buildings. The summary, however, is not an absolute one, and, in the case of major damage to the building, it still applies that, first of all, a detailed analysis of the causes and consequences of defects and failures must be made as a basic prerequisite for the reliability and long-term durability of the building’s restoration and rehabilitation. An integral part of the rehabilitation of buildings must be the elimination of the causes of the appearance of their failures and remediation of all defects impairing their structural safety, health safety and energy efficiency.
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1. Introduction


The apartment building became a new phenomenon in Central Europe in the 19th century, although rental flats had been quite common in historic cities, practically from the Middle Ages. However, the situation in individual cities differed. Architect Pavel Janak summed up the situation in his article “One Hundred Years of a Residential Rental House in Prague” (1933): “The situation in Prague and our towns in the 19th century in general is characterized by the non-existence of a family house. Towns are made up of large houses with many flats, built by individuals and rented out. Our culture, or its lack, is based on collective housing in a large building. A family house and family living is not a component of our culture. In the second half of the 19th century, the type of a large house became the subject of unprecedented business. The primary reason why it was built was not to provide flats, but to make money fast. The size of the house and its massive scale were only paralyzed at the end of the 19th century by increased demands for the value of an apartment—leading to the shrinkage of the house to only two apartments on one floor and to the appearance of a family house, a hitherto unknown type of housing” [1].



The courtyard tracts of historic houses represent an initial early stage in the development of apartment buildings in Czech cities—while the solidly built foundation of a house with a vaulted ground floor was often left even during a radical reconstruction, the newly built courtyard tracts connected with the house by galleries emerged as completely new structures [2]. In Prague (the capital city of the Czech Kingdom of the Austro-Hungarian Empire of the time) three or, less often, even four-storey houses were built in the busiest streets on the threshold of the 19th century (Figure 1). On side streets, the houses mostly had two to three storeys, and single-storey houses were an exception. The houses had courtyard tracts and the space was often built-up to the maximum extent. The situation differed in other large Czech cities (e.g., Pilsen or Ostrava), where three-storey houses were a rarity; moreover, they were only built in the main squares. Two-storey houses, and single-storey houses in side streets, were much more common there. The former historic royal towns, which usually had around 220 to 250 houses in the “walls”, used to have mostly single-storey houses, and a two-storey house was an exception. At the same time, the smaller the town, the fewer the number of rental flats.



Until the beginning of the 18th century, there were no binding rules in force for the design of buildings. The fundamental construction principles were based on the builders’ efforts to create the required interior space volume defined by vertically laid-out load-bearing structures, divided horizontally by floor structures and enclosed by the roof.



From about the mid-18th to the mid-19th century, the most important areas related to building law were refined, mainly in connection to fire safety. The buildings were designed on the basis of builders’ experience where the thickness of vertical load-bearing structures was determined by empirical formulae depending on the number of storeys, the height of the storeys and the depth of the tract. During the 19th century, three waves of building codes were issued, which partly reflected the development of urban construction practice. The first wave includes the Czech Building Regulations of 1833, the Moravian and Silesian Building Regulations of 1835 and the amended version of the Czech Building Regulations of 1845. The second wave may be represented by the Czech Building Regulations of 1864, the Moravian Building Regulations of 1869 and the Silesian Building Regulations of 1883. The third wave covers the Prague Building Regulations of 1886, which were adopted by Pilsen and České Budějovice in 1887, the Czech Building Regulations of 1889 applying to the rest of the country and two Moravian Building Regulations of 1894 [4].




2. Materials and Methods


Vertical and horizontal load-bearing structures of apartment buildings from the second half of the 19th century currently show, in many cases, characteristic, recurring defects and faults (Figure 2). The main goal of this paper is to identify the most common defects and failures of masonry structures based on field and archival research of building structures and details of masonry buildings from the period. Knowledge of endangered structural details of vertical and horizontal structures, including, for example, the issue of basic construction conditions, is a suitable step to mitigate the consequences of construction and technical problems of historic buildings. At the same time, their knowledge can facilitate and speed up the design of the restoration of a historic building so that no monumental values are lost during this process [5].



A summary of the most common defects and failures of these buildings, presented in the following parts of the article, is based on field research, especially of Prague apartment buildings. The archival research is based on historical building literature of the 19th century and a search of drawing documentation of students of construction schools, which is available at the National Technical Museum in Prague [6].



2.1. Vertical Structures


The primary structural function of vertical masonry structures is to transfer the effects of vertical and horizontal loads from individual floor structures through the foundation structure to the foundation subsoil. Tenement houses from the 19th century, but also shops, schools, hospitals, public buildings, etc., were characterized by the longitudinal layout of load-bearing walls, parallel to the street tract. Inside the building, the load-bearing walls formed the so-called middle walls, where the depth of the tracts most often ranged between 4 and 5 m, exceptionally up to 8 m (palaces, public buildings), while internal tracts were usually less than 4 m deep (Figure 3a). The vertical load-bearing structures of urban apartment buildings were most often executed in mixed masonry and, above all, masonry of solid burnt bricks of the so-called classic format of 290 mm × 140 mm × 65 mm [7,8]. In exceptional cases, the walls of overground storeys in buildings from this period could already be built of hollow burnt-clay bricks or hollow brick-like blocks of lightweight concrete (slag concrete or slag pumice), or blocks of another “modern” material. The end of the 19th century was marked by an increase in the use of rolled iron elements (beams, columns, etc.), to be later followed by a global development of concrete and reinforced concrete structures.



Pursuant to the above building codes, urban residential masonry buildings were characterized by massive walls 300–900 mm thick, where, starting from the second wave of building regulations (i.e., from the second half of the 19th century), a minimum wall thickness of 450 mm was required to prevent frost penetration and was further increased in a downward direction (Figure 3b). Lime or cement-lime mortar was used as the most common bonding material, while the use of cement mortar increased at the end of the century, and, subsequently, in the 20th century.



The stability of the load-bearing system of masonry buildings with several storeys was ensured by longitudinal—front and middle—walls, on which floor structures and transverse walls properly bonded to the longitudinal walls were mounted. The transversely laid-out walls—gable walls, staircase walls, brick partitions 150 mm and 300 mm in thickness—coupled the longitudinal, primarily load-bearing walls, ensuring their stability and contributing to the spatial performance of the load-bearing system, and played an important role in enhancing stability.



The so-called wall and beam ties fulfil an important function in terms of ensuring spatial stiffness, stability and resistance to the effects of forced deformations (Figure 4). From the beginning of the 19th century, wrought iron wall ties were used in walls and vaults, where they served to stiffen and clamp the building and absorb oblique compressive loads, particularly during masonry settling and the additional compression of foundation soil.




2.2. Horizontal Structures


In the majority of urban apartment buildings from the second half of the 19th and the start of the 20th century, various types of floor structures can be found. From a fireproof point of view, ceiling structures are one of the most important parts of the building. At the same time, the fire safety properties of horizontal structures not only reflect their historical development, but also represent an important criterion in categorization. “Numerous construction ceilings can be divided into more or less completely combustion—if it had used exclusively wood because besides still other substances—and incombustible in which wood is unfit on at all.” [7] (p. 72).



With regard to the ability of horizontal structures to resist the effects of fire, ceilings of the monitored period can be divided into:




	-

	
combustible floor structures (e.g., a simple wooden beamed ceiling with a flap, i.e., with visible wooden beams),




	-

	
semi-combustible floor structures, fitted with a ceiling embankment of at least 80 mm thick at the upper face, while at the lower face, the wooden beam structure is usually protected by undercover of planks covered by reed plaster (e.g., beam ceiling with reed plaster, flap and ceiling embankment etc.),




	-

	
non-combustible floor structures, i.e., made of bricks, concrete, cast or wrought iron or later mild steel, “… in which wood is not used at all. … A safe, non-combustible ceiling is provided by a vault. Large spaces cannot be bridged by individual arches for several reasons, mainly because they require strong retaining walls, narrow the spaces and are expensive. The effort to eliminate these defects leads to division of by structures serving as support for smaller vaults. First, it tracks the vault, then the iron beams of either rolling surface (traverse) or riveted (tin) in shape, providing at least a quantity of the spent materials greatest resistance against bending.” [7] (p. 77).









According to current knowledge, the above-mentioned division of ceiling structures, from the point of view of fire resistance, is overly simplified and inaccurate [11,12]. Nevertheless, at the time of formulating the above-cited building regulations, it was a significant step to increase the safety of buildings, i.e., also city apartment buildings.



The dominating types of horizontal structures used were combustible and semi-combustible floor structures. Specific types of floors include, in particular, wooden beam floors with subflooring and, later, also with reed plaster, or an upright plank floor with diagonal braces with reed plaster, subflooring and an embankment, etc.



In rooms with strict fire safety requirements, i.e., mainly in public buildings, but also in some areas of apartment buildings (e.g., the ground floor), non-combustible floor structures were mostly designed. In the apartment buildings of the 19th century, vaults were considered to be a safe, non-combustible ceiling structure (or were required by law and building regulations for the Czech Kingdom). The vaults were used (or required by the building codes) in gateways, entrances to houses, cellars and potentially, if necessary, in staircases, corridors and on the ground floor of apartment buildings were considered as safe, non-combustible floor structures. They were usually of a wagon vault type with arch rings, and, later, flat mirrored vaults were used. In this period, the non-combustible ceiling structures used also included segmental vaults made of solid fired bricks vaulted between the beams made from cast iron, wrought iron or later steel (Figure 5). The structures used at the turn of the 19th and early 20th centuries also included various types of masonry floor structures derived from a barrel vault, so-called straight or flat vaults made up of ceramic masonry elements, and, later, of plain or reinforced concrete.





3. Results


The main causes of degradation processes, which generally lead to the deterioration of the required properties of materials and structures, are, on the one hand, specific properties of building materials (their composition, structure, etc.) and, on the other hand, time-variable parameters of the exterior environment in which buildings and their parts perform [17,18]. Different degradation processes caused by climatic factors differ from each other in their duration and type of effect. Some last for fractions of a second, while others for days, months or even years. These parameters, together with material parameters, create the conditions that will initiate or accelerate mechanical, mineralogical, physical, chemical and biological degradation processes [19]. It may be summarized that the defects and failures of structures from the second half of the 19th and the start of the 20th century are most frequently caused by design defects, material defects, by degradation processes triggered mainly by moisture, by incorrect design solutions, faulty workmanship, usage and by neglected maintenance [20,21,22].



3.1. Vertical Structures


A frequent cause of failures of vertical masonry structures of buildings from the second half of the 19th and the start of the 20th century, which are manifested by cracks, crushing and spalling of surface layers, etc., is poor quality and strength of the masonry in compression and tension plus some other effects, such as different properties of the masonry elements made of mixed masonry or multi-leaf masonry, respectively, low compressive and tensile strength of masonry elements and mortar, etc. [23]. The quality of the masonry and its load-bearing capacity result from the quality of the masonry elements, the bonding mortar and masonry workmanship, but, in particular, from compliance with the principles of proper masonry bonding [24]. The quality of masonry is also significantly affected by increased moisture levels or its aggressiveness and associated degradation processes.



Defects in masonry are caused by imperfect project documentation or imperfect or incorrect execution. The most common execution defect is non-compliance with the principles of proper bonding. The defects in masonry subsequently manifested by the occurrence of failures, insufficient load-bearing capacity, low resistance to degradation processes and others, include:




	
poor quality of mortar (composition, excessive grain size of aggregates, low adhesion, shrinkage, poor workability, non-homogeneity) [25],



	
poor quality of masonry elements (excessive porosity, insufficient compressive and tensile strength, high moisture absorption, differences in the quality of individual pieces of building material—masonry elements) [26,27],



	
non-observance of the planeness and verticality of masonry elements.








In the case of buildings from the second half of the 19th and the start of the 20th century, the cause of these failures resulting from a change in the footing bottom shape is an error in their project preparation, which lacked a geological survey of foundation conditions. At the same time, the empirical design of building structures and insufficient knowledge of the above-mentioned issues led to the construction of foundation structures with insufficient stiffness, without expansion joints and to insufficient reinforcement of the load-bearing masonry at the level of floor structures (by wall and beam ties, bond beams, tie rods, etc.).



The failures of vertical load-bearing masonry structures are crucial in terms of ensuring the mechanical resistance and stability of the load-bearing system. Structural (mechanical) failures of masonry structures and buildings are caused by the response of the building structure to static loads and the deformation effect of some loads and non-force effects, or to static loads with a dynamic component. The most common manifestations of these failures are excessive deformations and strains, cracks (failure in tension and shear), crushing (failure in compression) and local mechanical damage arising due to insufficient load-bearing capacity, in places of stress concentrations, as a result of a change in loading, long-term deformations, degradation and disintegration of masonry, or due to unprofessional interventions. (Figure 6) [28,29,30]. These failures are directly related to the structural behaviour of the load-bearing structure and affected by their occurrence in the structural performance of the load-bearing system, either locally or as a whole—they are critical in terms of ensuring the mechanical resistance and stability of the supporting system [31,32].



Non-structural failures of masonry structures and buildings are caused by the interaction of materials used for individual structures with the external environment, manifested, above all, by increased moisture levels, chemical, mineralogical and biological processes which weaken the required properties of structures and cause their gradual deterioration and disintegration—degradation processes [33].



The failures of masonry are closely related to the failures of the adjoining masonry structures—vaults, springers and lintels, relief vaults, cavettos and soffits of wooden ceilings. Attention must also be paid to potential defects without visually observable manifestations (cavities and plastered grooves in masonry, different quality of individual masonry components, etc.).



In summary, the most frequently occurring defects and failures of vertical structures of buildings from the second half of the 19th and the start of the 20th centuries include:




	
tensile and shear cracks due to the effect of spatial stress states arising in the place of the concentration of compressive stresses in masonry exerted by the mounting of floor beams and girders (or masonry crushing due to the effect of concentrated compression);



	
weakening of masonry of e.g., load-bearing pillars by continuous horizontal or vertical grooves, larger openings or the installation of elements differing significantly in stiffness, which contribute to the masonry damage and cracking;



	
volume changes due to temperature: unequal or different susceptibility to volume changes caused by the temperature effect can result in different stress states and subsequent failures, e.g., formation of shear cracks, e.g., in the contact between mutually perpendicular masonry walls (perimeter and internal) [34];



	
shear forces between the parts of masonry with different temperatures cause micro-bending deformations and, as a result, can lead e.g., to the failure of the vault mounted on the masonry wall by tensile cracks or damage to the joint between the masonry and the floor structure, etc.;



	
sinking of a cantilevered floor structure on which the perimeter masonry of a bay window is mounted; the sinking will cause the appearance of tensile cracks in the bay window masonry whose pattern corresponds to the time pattern of compression trajectories;



	
failures of vertical masonry structures built on heterogeneous foundations, in unstable subsoil conditions or in undermined areas is caused by forced deformations, due to the effect of a change in the shape of the footing bottom, i.e., non-uniform subsidence (e.g., due to waterlogging of the foundation joint, e.g., due to leaks in utility networks, waste pipes and incorrect slope of the prepared terrain) or curvature of the footing bottom [35,36].








A change in the shape of the footing bottom and subsequent masonry failures might also have occurred as a result of building activity in the surroundings, e.g., extension of the building, vehicle traffic (dynamic effects causing compaction of the subsoil, shocks of the building), or a change in hydrogeological conditions, waterlogging or frost penetration into the footing bottom of the existing foundation during the erection of a neighbouring building, additional loading of the foundation, dynamic effects and shocks during the construction of a neighbouring building, etc. (Figure 7) [37].



A serious problem of urban masonry apartment buildings is the degradation and disintegration of damp masonry and surface coatings due to the action of moisture contaminated by soluble salts and weak acid solutions. The chemical processes disintegrate the binder component of masonry elements, and the binder and the salts which are the product of these reactions create pressures in the masonry pore system during a change in moisture and degrade its integrity, causing the spalling and disintegration of coatings and layers.



The prevailing parts of historic buildings from the second half of the 19th and the start of the 20th century suffer from increased moisture levels in the foundation masonry and masonry above the foundation line as a consequence of non-functional or damaged waterproofing of the masonry above the foundation line and the masonry of underground parts of the building, leaks or accidents of water supply and sewerage pipes and mains, poor drainage of the terrain, insufficient ventilation, etc. (masonry moisture in dry state is 1%–3% by weight) [38,39]. In many cases of historic brick buildings, there is no damp proofing, or the damp proofing, ventilation systems, etc. have deteriorated and degraded [40].



The increased moisture levels of underground and partly overground masonry are usually accompanied by chemical and biological degradation processes, whose intensity depends on the value of increased moisture levels and its aggressiveness. The knowledge and assessment of salinity, especially the content of sulphates, chlorides and nitrates in masonry, are essential for the evaluation of the severity of increased moisture levels and the design of an effective remediation method (Figure 8) [42,43]. Salts with hygroscopic properties and the presence of bacteria and mould in the pore system of masonry, which increase the masonry hygroscopicity, can significantly affect the equilibrium moisture content. Degradation processes usually reduce the content of binder components in the masonry. For these reasons, the assessment of the condition of building structures should include, inter alia, an analysis of the change in total porosity and pore distribution and an assessment of the content of water-soluble salts (Figure 9) [44,45].




3.2. Horizontal Structures


Among the defects of wooden floor structures preceding the occurrence of failures, we might mention, above all, the following: wood infested by wood-destroying fungi or insects, the inappropriate mounting or poor quality workmanship of joints of wooden elements, installation of wood with high moisture levels (whm 12%), impermeable closed-cell wood with initial moisture contents, or closure of high moisture levels in the structure [47].



Other major factors leading to the failures of wooden parts of horizontal load-bearing structures are, among others, the following:




	
excessive overall or local loading, wood damaged by unprofessional interventions,



	
wood-destroying agents (e.g., due to installation of infested or damp wood without a natural possibility of drying, effect of moisture from leakage and condensation, insufficient ventilation and permeability of the structure) (Figure 10 and Figure 11),



	
loosening of joints due to the natural aging and deterioration of major wood properties (water absorption, natural impregnation, elasticity, hardness, strength, toughness),



	
change in mechanical properties due to high moisture levels accompanied by the development of wood-destroying processes [48,49],



	
thermal bridges in the perimeter masonry in places where wooden beams are mounted in beam pockets, where the wall is weakened by 200 to 250 mm and thus, at the same time, the thermal resistance of these structures is significantly reduced and thermal and moisture conditions of the mounting ends of wooden beams are deteriorated,



	
insufficient bending and shear bearing capacity and stiffness of floor beams manifested by their excessive deflection, formation of longitudinal cracks and “slippage” of beams in the places of their mounting and local supports,



	
insufficient load-bearing capacity and stiffness of beam floor structures in the horizontal direction (particularly in cases of ineffective or missing wall and beam ties, loosely or insufficiently fixed subflooring to floor beams) can be the cause of a serious threat to structural safety—spatial stiffness—of masonry structures, especially in the case of a building with several storeys, due to horizontal loading effects (eccentricity of vertical loading, non-uniform settlement, wind effects, temperature effects), but mainly dynamic loading effects (caused by technical, induced and natural seismicity); the absence of wall and beam ties, insufficient effectiveness (loosening of joints, insufficient anchoring, etc.) is usually directly manifested by the formation of tensile cracks, damage to the load-bearing masonry and the integrity of the load-bearing system.








The reserves in the stability of massive longitudinal walls in the transverse direction are insufficient and longitudinal load-bearing walls on their own usually cannot ensure the stability of a building with more than 2 overground storeys in relation to cross wind effects and other effects exerting transverse horizontal forces (e.g., effect of differential settlement, dynamic traffic effects, eccentricity of vertical loads transmitted e.g., by beam floors, temperature differences). This problem is often neglected during rehabilitations when the structural safety (spatial stiffness) may be seriously impaired by the demolition of internal transverse, primarily non-load-bearing walls and partitions.



The reinforcement of a wooden floor structure must be preceded by a detailed survey of wooden structures—particularly a mycological and construction and technical survey, removal of damaged or infested wood and basic chemical protection of wood by a suitable coating, or the sterilization of wood at an elevated temperature [50,51]. The most reliable protection measures of wood against biotic wood-destroying agents are preventive measures against their appearance and development, mainly the protection of wood against increased moisture levels (above 15%).





4. Conclusions


The article presents the most common defects and failures of vertical and horizontal structures of apartment buildings from the second half of the 19th century and the beginning of the 20th century. The construction practice of this period was influenced by three successively issued waves of building regulations, which reflected the building boom of this period.



The issues related to defects and failures, degradation processes and the design of rehabilitation measures of buildings from the second half of the 19th and the start of the 20th century include a wide range of topics of interdisciplinary nature, from the natural sciences, materials engineering, mechanics, elasticity and structural theory of building structures to the knowledge of historical materials, structures and technologies. The knowledge of historical structures, materials and construction methods used helps us to prevent errors in the rehabilitation and restoration of prominent, mainly heritage buildings to the original state.



A precise analysis of the causes and consequences of defects and failures is the basic prerequisite for the reliability and long-term durability of rehabilitation and remediation measures. An integral part of the reconstruction and renovation of buildings must be the elimination of the causes of failures, remediation of all defects that reduce their structural safety, health safety and energy efficiency. To ensure the durability of reconstructed buildings, degradation and corrosive processes caused mainly by chemical and biochemical processes and non-force effects of temperature and moisture must be prevented and adequate protective measures must be taken. In this respect, the protection of buildings and their individual parts against the effects of increased moisture levels is of primary importance.
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Figure 1. Section (a) and elevation (b) of a typical four-storey tenement house from the end of the 19th century on the student work of A. Censky, 1890 [3]. 
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Figure 2. Images clearly showing the most common failures of structures from the second half of the 19th and the early 20th centuries caused by degradation processes initiated in these cases by the combination of moisture, an incorrect design solution and neglected maintenance. The following are clearly visible on images: (a) fallen plaster, damaged ledge by massive leakage, mold and mosses; (b) degradation and disruption of plaster, significant surface efflorescence of salts, mold and mosses. 
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Figure 3. The floor plan and section of urban apartment buildings: (a) floor plan of house with four and two-room apartment, both are equipped with bathrooms (arch. V. Reznicek, early 20th century) [9]; (b) part of a four-storey house with a clearly legible arrangement of the vertical supporting structure with increasing thickness downwards (V. Douda, 1902) [10]. 
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Figure 4. The wall and beam ties: (a) the beam wrought iron ties in the drawing on the school work of V. Vasatko from 1910 [13]; (b) the detail of the wall ties and their location (red lines) in the floor plan of the house [14]; (c) wall ties made of wrought iron, including adjustment with a lock, on a period photograph (1932) when performing a masonry structure [15]. 
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Figure 5. Detail of a vaulted ceiling in a school project, unknown author, 1920s. Section (a) and top view (b) of a brick vault into traverses with a clearly visible composition of bricks [16]. 
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Figure 6. Examples of structural failures of structures from the second half of 19th and the start of the 20th century: (a) prominent tensile cracks in masonry weakened by openings, with the representation of pressure trajectories, 1—area of normal stresses and tensile cracks; (b) crack between the perimeter structure and the ceiling caused by forced deformation due to the effect of a change in the footing bottom. 
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Figure 7. Graphical representation of the course of cracks and failures of vertical masonry - characteristic tensile cracks on the side (a), resp. in the middle (b) parts of the building, which arose as a result of the decrease of the affected part and thus the change in the shape of the foundation joint, e.g., an uneven foundation conditions (sands – rock), uneven compaction of the substrate or waterlogging of the soil, etc. (arrows indicate the place of decline of part of the foundations) [41]. 
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Figure 8. Graphical expression of the dependence of the (a) total porosity and modulus of elasticity and ultimate strength, (b) wt. moisture and modulus elasticity and ultimate strength of bricks from the end of the 19th century [46]. 
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Figure 9. Examples of non-structural failures caused by the effects of the external environment, especially the synergic effect of increased moisture levels and temperature, which are accompanied by chemical, mineralogical and biological processes in structures from the second half of 19th century and the start of 20th century: (a) damage of the ledge and its surface finishes, visible salt efflorescence; (b) closed and open blisters in the surface layers due to their low diffusion permeability; (c) extensive damage to the plinth part caused by the long-term effect of humidity and salts. 
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Figure 10. Examples of failures of wooden parts of horizontal load-bearing structures caused by mounting wood without a natural possibility of drying and with insufficient permeability of the structure: (a) rotting head of a wooden ceiling beam; (b) yellow patch of wet rot on ceiling wooden panel. 
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Figure 11. Example of laboratory evaluation of bioderiogents in cultures of a sample of a damaged ceiling structure in Prague 7—confirmed presence of bacteria and fungi. In all cases, massive development and growth of microscopic fibrous fungi was noted. In cultures of samples were identified: (a) Trichoderma sp. and bacterias; (b) Trichoderma sp., Mucor sp., wood-destroying fungus and bacterias; (c) Mucor sp. and wood-destroying fungus; (d) Penicillium sp., Acremonium sp., Aspergillus sp. and bacterias [52]. 
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